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ABSTRACT  

 
 

 

Introduction: Firefighting is a hazardous occupation that involves firefighters risking their 

lives in life-threatening situations, where they are exposed to severe temperatures, hazardous 

chemicals and fumes, placing tremendous strain on the cardiovascular and musculoskeletal 

systems. These working conditions necessitate that firefighters remain in optimal physical 

condition to maintain adequate cardiovascular and musculoskeletal health in order to manage 

these stressors. Moreover, physical fitness, cardiovascular and musculoskeletal health were 

significantly related to occupational performance in firefighters. However, this relationship has 

not been extensively investigated, particularly in South Africa.  

Aim: The aim of the study was to assess the relationship between cardiovascular health metrics 

and risk profile, musculoskeletal health, physical fitness, and occupational performance in 

firefighters. 

Methods: This study was conducted in two phases. In Phase I, a thorough narrative literature 

review and two systematic reviews, with meta-analyses, were conducted to determine the effect 

of cardiovascular and musculoskeletal health and physical fitness on occupational performance 

in firefighters. In Phase II, which took place at a standardized fire station located in the City 

of Cape Town Metropolitan area. Physical measurements were taken to obtain data on 

firefighters’ cardiovascular disease risk factors, cardiovascular health metrics, physical fitness 

and physical ability test. Two previously validated questionnaires were used to obtain data on 

firefighters’ lifestyle habits, such as physical activity, diet, cigarette smoking and 

musculoskeletal health. 

Results: The literature reviews revealed the following (i) firefighters who were aged, obese, 

physically inactive, cigarette smokers and unfit, with musculoskeletal discomfort were at the 
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highest risk of cardiovascular and musculoskeletal health disorders, and unsatisfactory 

occupational performance; (ii) Age had a moderate effect on occupational performance (Z = 

5.15, p<0.001), whereas gender had a large effect size on occupational performance (Z=4.24,  

p <0.001). (iii) A moderate negative correlation was found between cardiorespiratory fitness 

and occupational performance (r = −0.584, p <0.001). Significant low negative correlations 

were found between upper body endurance (r =−0.344, p < 0.001), abdominal endurance (r = 

−0.308, p <0.001), grip strength (r = −0.421, p <0.001), upper body strength (r = −0.318, p 

<0.001), and lower body strength (r = −0.216, p = 0.020) and OP; (iv) A moderate effect for 

cardiorespiratory fitness level on systolic blood pressure (Z = 5.94, p <0.001), diastolic blood 

pressure (Z = 2.45, p <0.001), total cholesterol (Z = 3.80,  p <0.001), low-density lipoprotein 

cholesterol (Z = 4.44, p<0.001), triglycerides (Z = 3.76, p <0.001) and blood glucose 

concentration (Z = 4.78, p <0.001). 

The results from the cross-sectional study indicated that age, body mass index, body fat 

percentage, diastolic blood pressure, total cholesterol and Framingham cardiovascular risk 

score increased the odds of reporting musculoskeletal injuries (MSIs) (p <0.05). 

Musculoskeletal discomfort was associated with total cholesterol and low-density lipoprotein 

(p <0.05). The results indicated that cardiorespiratory fitness, muscular strength and muscular 

endurance were significantly associated with a better overall cardiovascular health profile (p 

<0.01). Higher levels of physical fitness were associated with lower musculoskeletal injuries, 

however, increased the feeling of musculoskeletal discomfort in firefighters (p <0.05). Age, 

lean body mass, body fat percentage, absolute oxygen consumption (abV̇O2max), grip strength, 

leg strength, push-ups and sit-ups capacity, weekly metabolic equivalent minutes and heart rate 

variability were associated with physical ability test completion times (p <0.01). 

Conclusion: Adverse cardiovascular disease risk profile was associated with musculoskeletal 

injuries and musculoskeletal discomfort, while cardiorespiratory fitness, muscular strength and 
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muscular endurance were significantly associated with a better overall cardiovascular health 

(CVH) profile. In addition, higher physical fitness was associated with lower MSIs and MSD. 

Younger, non-obese, fitter and stronger firefighters, with a better CVH status, performed 

significantly better and were most likely to pass the physical ability test. It is recommended 

that firefighters should maintain high levels of physical fitness and a good level of 

cardiovascular health and musculoskeletal health to ensure a satisfactory level of occupational 

performance and overall personal well-being. 
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PREFACE 

 
 
 

This thesis is written in publication format. The roles of the PhD candidate in the study is 

outlined below: 

 

Phase I 

This was considered the literature review phase. In this phase, a narrative review, a systematic 

review protocol, two systematic reviews and a book chapter was compiled and published in 

peer-reviewed journals. The candidate designed the studies, developed the protocol, conducted 

the literature searchers, performed the data collection and curation, data analysis and 

interpretation of the results. In addition, the candidate was the first author in each of the 

publications from chapters two to six. 

 

Phase II 

This involved the collection of physical ability test (PAT) data, physical fitness data, 

cardiovascular health data and musculoskeletal health data. The candidate conceptualized this 

phase of the study, collected the research data, collated, curated, cleaned and coded the data, 

conducted the literature searches, performed the data analysis and interpretation of the results. 

In addition, the candidate was the first author in the publications in chapters seven to thirteen. 

Examiners notes: Each manuscript is written and formatted according to the journal 

guidelines, language preferences, abbreviations and formula requirements. Chapter Six was a 

original research article published during the PhD canditure from a previous project that 

provided preliminary data informing the current study. 

http://etd.uwc.ac.za/



P a g e  | xxxi 

 

LIST OF PAPERS PUBLISHED DURING PHD 

CANDIDATURE 

 
 

 

1. Ras J, Smith DL, Kengne AP, Soteriades E, Leach L. Cardiovascular Disease Risk 

Factors, Musculoskeletal Health, Physical Fitness, and Occupational Performance in 

Firefighters: A Narrative Review. Journal of Environmental and Public Health.2022. 

https://doi.org/10.1155/2022/7346408  

2. Ras J, Kengne AP, Smith D, Soteriades ES, Leach L. Effects of cardiovascular health, 

musculoskeletal health and physical fitness on occupational performance of firefighters: 

protocol for a systematic review and meta-analysis. BMJ open. 2022 Jul 

1;12(7):e061435. http://dx.doi.org/10.1136/bmjopen-2022-061435  

3. Ras J, Kengne AP, Smith DL, Soteriades ES, November RV, Leach L. Effects of 

Cardiovascular Disease Risk Factors, Musculoskeletal Health, and Physical Fitness on 

Occupational Performance in Firefighters—A Systematic Review and Meta-Analysis. 

International Journal of Environmental Research and Public Health. 2022 Sep 

21;19(19):11946. https://doi.org/10.3390/ijerph191911946  

4. Ras J, Kengne AP, Smith DL, Soteriades ES, Leach L. Association between 

Cardiovascular Disease Risk Factors and Cardiorespiratory Fitness in Firefighters: A 

Systematic Review and Meta-Analysis. International Journal of Environmental 

Research and Public Health. 2023 Feb 5;20(4):2816. 

https://doi.org/10.3390/ijerph20042816  

5. Ras, J. and Leach, L. (2022). Relationship Between Physical Activity, Coronary Artery 

Disease Risk Factors and Musculoskeletal Injuries in the City of Cape Town Fire and 

http://etd.uwc.ac.za/

https://doi.org/10.1155/2022/7346408
http://dx.doi.org/10.1136/bmjopen-2022-061435
https://doi.org/10.3390/ijerph191911946
https://doi.org/10.3390/ijerph20042816


P a g e  | xxxii 

 

Rescue Service. INQUIRY: The Journal of Health Care Organization, Provision, and 

Financing, 59, 00469580221084485. https://doi.org/10.1177/00469580221084485  

6. Ras J, Smith DL, Soteriades ES, Kengne AP, Leach L. A Pilot Study on the 

Relationship Between Cardiovascular Health, Musculoskeletal Health, Physical Fitness 

and Occupational Performance in Firefighters. European Journal of Investigation in 

Health, Psychology and Education. 2022 Nov;12(11):1703-18. 

https://doi.org/10.3390/ejihpe12110120  

7. Ras, J., Soteriades, E. S., Smith, D. L., Kengne, A. P., & Leach, L. (2023). Association 

between Cardiovascular and Musculoskeletal Health in Firefighters. Journal of 

Occupational and Environmental Medicine, 10-1097. 

10.1097/JOM.0000000000002872. https://journals.lww.com/joem/toc/2023/07000       

8. Ras, J.; Smith, D.L.; Soteriades, E.S.; Kengne, A.P.; Leach, L. Association between 

Physical Fitness and Cardiovascular Health in Firefighters. Int. J. Environ. Res. Public 

Health 2023, 20, 5930. https://doi.org/10.3390/ijerph20115930 

9. Ras, J., Soteriades, E. S., Smith, D. L., Kengne, A. P., & Leach, L. Association between 

Physical Fitness and Musculoskeletal Health in Firefighters. Frontiers in 

Physiology, 14, 1210107. doi: 10.3389/fphys.2023.1210107 

10. Ras, J.; Smith, D.L.; Soteriades, E.S.; Kengne, A.P.; Leach, L. (2023). Physical Fitness, 

Cardiovascular and Musculoskeletal Health in Firefighters. Frontiers in Public Health. 

11:1241250. https://doi.org/10.3389/fpubh.2023.1241250  

11. Ras, J., Soteriades, E. S., Smith, D. L., Kengne, A. P., & Leach, L. (2023). Physical 

Fitness, Cardiovascular and Musculoskeletal Health and Task Performance in 

Firefighters. BMC Public Health. Accepted for Publication. 

http://etd.uwc.ac.za/

https://doi.org/10.1177/00469580221084485
https://doi.org/10.3390/ejihpe12110120
https://journals.lww.com/joem/toc/2023/07000
https://doi.org/10.3390/ijerph20115930
https://doi.org/10.3389/fphys.2023.1210107
https://doi.org/10.3389/fpubh.2023.1241250


P a g e  | xxxiii 

 

12. Ras J, Leach L. Use of Mobile Technology in Assessing Occupational Performance 

and Stress in Firefighters. Handbook of Research on New Media, Training, and Skill 

Development for the Modern Workforce 2022 (pp. 150-186). IGI Global. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://etd.uwc.ac.za/



P a g e  | xxxiv 

 

LIST OF ADDITIONAL PAPERS PUBLISHED DURING PHD 

CANDIDATURE 

 

 

1. Ras J, Leach L. Prevalence of Coronary Artery Disease Risk Factors in Firefighters in 

the City of Cape Town Fire and Rescue Service – A Descriptive Study. Journal of Public 

Health Research. 2021;10(1). https://doi.org/10.4081/jphr.2021.2000   

2. Ras, J., & Leach, L. (2021). Relationship Between Various Coronary Artery Disease 

Risk Factors in Firefighters. Journal of Occupational and Environmental Medicine, 

63(7), e433-e439. https://doi.org/10.1097/JOM.0000000000002679  

3. Ras J and Leach L. Predicting coronary artery disease risk in firefighters – a cross-

sectional study [version 1; peer review: 1 approved with 

reservations]. F1000Research 2021, 10:701 

(https://doi.org/10.12688/f1000research.54219.1) 

4. Ras, J., & Leach, L. (2021). Association Between Major Coronary Artery Disease Risk 

Factors in The City of Cape Town Firefighter and Rescue Service. The Open Public 

Health Journal, 14(1). http://dx.doi.org/10.2174/1874944502114010360  

5. Ras, J., & Leach, L. (2022). Alcohol Consumption, Physical Activity, and CAD Risk 

Factors in Firefighters. The Open Public Health Journal, 15(1). 

http://dx.doi.org/10.2174/18749445-v15-e221026-2022-73  

6. Ras J, Mosie D, Strauss M, Leach L. Knowledge of and Attitudes toward Health and 

Cardiovascular Disease Risk Factors among Firefighters in Cape Town, South Africa. 

Journal of Public Health Research. 2022;11(1). https://doi.org/10.4081/jphr.2021.2307  

7. Ras, J., & Leach, L. (2022). Firefighters’ Health Knowledge, Cardiovascular Disease 

Risk Factors, and Sociodemographic Characteristics as Predictors of Firefighters 

http://etd.uwc.ac.za/

https://doi.org/10.4081/jphr.2021.2000
https://doi.org/10.1097/JOM.0000000000002679
https://doi.org/10.12688/f1000research.54219.1
http://dx.doi.org/10.2174/1874944502114010360
http://dx.doi.org/10.2174/18749445-v15-e221026-2022-73
https://doi.org/10.4081/jphr.2021.2307


P a g e  | xxxv 

 

Attitudes Toward Health. Journal of Occupational and Environmental 

Medicine, 64(11), e705-e713. https://journals.lww.com/joem/toc/2021/07000  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://etd.uwc.ac.za/

https://journals.lww.com/joem/toc/2021/07000


P a g e  | xxxvi 

 

DEFINITIONS OF TERMS 

 

 

Cardiovascular disease (CVD) risk factors are a group of characteristics or behavirous that 

contribute to the development of atherosclerotic heart disease, and include among others 

aging, obesity, hypertension, high cholesterol (hypercholesterolemia), a family history of 

CVD, physical inactivity and impaired blood glucose [1]. 

 

Health metrics are a group of seven specific cardiovascular health behaviours and factors, 

which include smoking, diet, physical activity, body mass index, blood pressure, total 

cholesterol, and fasting blood glucose that reduce cardiovascular disease morbidity and 

mortality [2].  

 

Heart rate variability is the variation in the time intervals between heartbeats, measured in 

milliseconds (ms) [3,4]. 

 

Musculoskeletal disorders are injuries and/or disorders that affect the human body’s 

movement or musculoskeletal system [22]. 

 

Musculoskeletal health encompasses the health of the muscles, joints and bones within the 

body and how they interact together without pain [6]. Good musculoskeletal health allows 

individuals the perform activities of daily living with ease and without discomfort [6]. 

 

Occupational performance is the ability to perceive, desire, recall, plan and carry out roles, 

routines, tasks and sub-tasks for the purpose of self-maintenance, productivity, leisure and rest 
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in response to demands of the internal and/or external environment [7]. 

 

Physical fitness is defined as the ability to perform muscular work satisfactorily and includes 

cardiovascular endurance, body composition, muscular strength, muscular endurance and 

flexibility [8]. 

 

Risk profile provides information or a risk score based on the number or group of risk factors 

which places an individual at risk for CVD [1]. 
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CHAPTER ONE 

Introduction to the Study 

 

 

1. Introduction 

1.1.   Background of the Study 

Firefighting is a hazardous occupation that involves firefighters risking their lives in life-

threatening situations, where they are exposed to severe temperatures, hazardous chemicals, and 

fumes [9,10]. These severe conditions necessitate that firefighters wear protective clothing and 

rescue equipment that is heavy and insulated, placing tremendous strain on the cardiovascular 

and musculoskeletal systems [11–13]. These types of strenuous working conditions cause 

tremendous cardiovascular and physical strain, predisposing firefighters to sudden cardiac 

events and musculoskeletal disorders [5,9]. These working conditions necessitate firefighters 

remain in satisfactory physical condition to maintain adequate cardiovascular and 

musculoskeletal health in order to manage these stressors [14–16]. 

 

1.1.1. Cardiovascular Health 

Current research indicates that among the emergency services, firefighters have the highest 

percentage of mortality (45%), due to sudden cardiac death (SCD), with the majority of causes 

related to underlying cardiovascular disease (CVD) risk factors [9,10]. Cardiovascular disease 

risk factors include modifiable risk factors, such as cigarette smoking, physical inactivity, 

obesity, hypertension, dyslipidemia and diabetes, and non-modifiable risk factors such as age, 

family history of heart disease [1]. Numerous studies have investigated the CVD risk profile of 
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firefighters and reported adverse modifiable CVD risk profile, especially: obesity (63%), 

hypertension (42%), diabetes (15%), cigarette smoking (21%) and physical inactivity (49%); 

which all reduce aerobic capacity and lead to premature fatigue in firefighters [17–21]. In the 

City of Cape Town Fire and Rescue Service (CoCTFRS), the prevalence of dyslipidemia, 

cigarette smoking, obesity, hypertension, age, family history, physical inactivity and diabetes 

were 40.3%, 39.5%, 37.1%, 33.1%, 23.4%, 20.9%, 13.7% and 8.9%, respectively [22]. 

Cardiovascular disease risk significantly increases as firefighters aged and is usually lower in 

female firefighters, and significantly correlated with heart rate variability (HRV) [23,24]. 

Increased CVD risk is known to negatively affect firefighters’ fitness and increased muscular 

fatiguability, which negatively affects firefighter occupational performance [18,19,25]. Yu et al. 

[26] reported that smokers and ex-smokers had a significantly lower maximal heart rate during 

the maximal running test, as well as a significantly higher average heart rate during the sewage 

rescue simulation scenario, and a body mass index (BMI) that was negatively associated with 

cardiopulmonary fitness levels. Jahnke et al. [27] reported that injuries were significantly related 

to cigarette smoking in firefighters. Seyedmehdi et al. [25] reported that age, BMI, low-density 

lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and blood 

pressure were significantly associated with reduced fitness levels in firefighters. Similarly, Baur 

et al. [19], Durand et al. [18] and Nowak et al. [28] reported that age and BMI was significantly 

associated with decreased cardiorespiratory fitness in firefighters. Cigarette smoking and 

alcohol consumption were also significantly associated with reduced aerobic fitness in 

firefighters [29]. Smith et al. [30] reported that, while performing a complex emergency 

simulation, increased workloads (stair trials), increased age and BMI were significantly 

associated with higher HR during the simulation stair trial simulation. It is apparent that age, 

BMI and hypertension were associated with reduced cardiorespiratory capacity in firefighters. 
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However, more research is needed in this area. Heart rate variability is a significant parameter 

in the cardiovascular health metrics and CVD risk profile paradigm, since it was significantly 

reduced by the modifiable CVD risk factors, and became a significant factor of CVD risk as 

firefighters aged [9,31,32]. Reduced HRV is generally indicative of autonomic dysfunction, and 

sympathetic nervous system over-stimulation, which negatively affected cardiovascular and 

anaerobic performance, and caused a decrease in occupational performance [9,32,33]. Resting 

heart rate (RHR) and HRV were significantly related to CVD, diabetes, and premature mortality 

in firefighters [17]. In addition, RHR and HRV were significant predictors of high blood 

pressure, hyperglycemia, and diabetes [34]. In previous studies, HRV was significantly related 

to aerobic performance, and was a marker of the body’s stress-recovery status, as well as a 

predictor of musculoskeletal disorders [35–37]. However, further research is needed on the 

relationship between cardiovascular health and HRV, particularly in firefighters, as this may be 

used as an indicator highlighting at risk firefighters, possibly predisposed to sudden caric events 

while on duty.  

 

Cardiovascular disease risk factors have been known to reduce physical fitness and, 

subsequently, occupational performance in firefighters [25,38]. These risk factors have also 

been shown to predispose individuals to musculoskeletal injuries [39,40]. Deteriorating 

musculoskeletal health and musculoskeletal disorders are common among firefighters, with the 

shoulder, knee and lower back being the commonly affected areas [12,13,41]. These 

musculoskeletal health concerns limit firefighters’ work performance [42]. Firefighters were 

reported to have the highest incidence of injuries among the emergency services [43].  
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1.1.2. Musculoskeletal Health 

Firefighter specific tasks, such as equipment carries, door breaches and hose drag place 

significant strain on the musculoskeletal system, causing firefighters to be at high risk of 

musculoskeletal disorders, particularly when their musculoskeletal health starts to deteriorate 

with age [5,38]. These occupational tasks, coupled with environmental factors, such as severe 

temperatures and breathing hazardous chemicals and fumes, caused increased fatigue, while 

performing emergency duties [2,37]. This further increased the likelihood of injury and, if any 

underlying cardiovascular or musculoskeletal disorder was present, could significantly limit 

occupational performance [38,39]. For this reason, firefighters need to be in good 

musculoskeletal health to prevent on-duty injuries and maintain optimal work performance 

[12,32]. Previous literature indicated that musculoskeletal disorders in firefighters were 

common, and increased with age and years of experience, and may also be related to firefighter 

physical activity habits outside of the job [39,40]. Previous literature indicated that low back 

(18 – 32%), ankle (15 – 77%), knee (17 – 19%) and shoulder (24 – 32%) injuries were the most 

prevalent in firefighters [5,6,38].  Negm et al. [40] reported that aged and more experienced 

firefighters reported more severe lower-limb disabilities, which were likely due to the combined 

effects of age-related decrements in soft tissue strength and chronic overuse related to 

firefighting [6,40]. This consequently increased the prevalence of injuries, and may be related 

to the decrease in cardiorespiratory fitness with increasing age in firefighters. Obesity was 

another key factor which played a significant role in influencing on-duty injuries and disability, 

as increased body weight placed more strain on all musculoskeletal structures, and predisposing 

firefighters to injury [32,37,38]. Obesity was also a significant predictor of on-duty 

musculoskeletal disorders and poor cardiorespiratory performance in firefighters [19,39]. 

Studies conducted by Poplin et al. [9,41] reported that reduced cardiorespiratory fitness was a 
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significant predictor of increased injury risk in firefighters. In contrast, Damrongsak et al. [42] 

reported that physical fitness did not reduce the incidence of back pain in firefighters. Similarly, 

Gordon and Lariviere [43] found that higher aerobic fitness was not significantly associated with 

injuries in firefighters. Musculoskeletal injuries, particularly those related to back and spinal 

pain were reported to be significant predictors of limitations in work and occupational 

performance in firefighters [36].  

 

1.1.3. Physical Fitness 

Physical fitness is considered an important aspect in firefighting that affected occupational 

performance and career longevity in firefighters, especially cardiorespiratory fitness, muscle 

strength and endurance [50,51]. Maintaining adequate physical fitness levels has the added 

benefit of supporting musculoskeletal health and reducing the development or progression of 

CVD risk factors [15]. Poor physical fitness, however, is associated with increased CVD risk 

and reduced musculoskeletal health [2,5,38]. The work of firefighting engages all aspects of 

physical fitness, and increased physical fitness has been reported to have a significant positive 

relationship with occupational performance in firefighting [17,25,28,42,63]. Nazari et al.[38] 

reported that age, sex, resting heart rate, and upper body and lower body strength were 

significant predictors of hose-drag and stair-climb completion times in firefighters. Michaelides 

et al. [55]  reported that abdominal strength, power (step test), push-ups, resting heart rate, and 

body fat percentage contributed significantly to firefighters' performance in the physical ability 

tests. Similarly, Rhea et al. [52] reported that total fitness, bench press strength, hand grip 

strength, bent-over row endurance, bench press endurance, shoulder press endurance, biceps 

endurance, squat endurance, and 400 m sprint time correlated with job performance in 

firefighters.  
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1.1.4. Occupational Performance  

To evaluate firefighter performance while on-duty, firefighter departments use simulated tasks 

that mimic the stressors placed on firefighters when on duty [14,56–58]. However, these 

assessments do not use the cardiovascular health metrics and risk profiles and musculoskeletal 

health in combination with physical fitness, when assessing occupational performance of 

firefighters. Mckune and Schmidt [59] reported that, in South Africa, firefighting assessments 

stressed all aspects of fitness, and significant correlations were found between physical fitness 

and task performance in firefighters. Occupational performance was an important consideration, 

when determining firefighter fitness for duty, as sub-standard occupational fitness significantly 

increased the likelihood of cardiovascular and musculoskeletal complications when on duty 

[11–13,15]. Cardiovascular health metrics, CVD risk profiles, musculoskeletal health and 

physical fitness were significantly related to occupational performance in firefighters 

[25,45,51]. However, this relationship has not been extensively investigated, particularly in 

South Africa. When substandard physical fitness and poor cardiovascular and musculoskeletal 

health occur concurrently, this placed tremendous strain on firefighters’ bodies and, ultimately, 

negatively affected occupational performance [10,60]. When occurring together, increased CVD 

risk, reduced musculoskeletal health and poor physical fitness significantly and negatively 

affected firefighter occupational performance [50,51]. 

 

In summary, the effect of cardiovascular health metrics, CVD risk profiles, musculoskeletal 

disorders, and physical fitness on occupational performance in firefighters is important and 

needs further investigation, particularly, in a South African context. Therefore, the aim of this 

study was to assess the relationship between cardiovascular health metrics and risk profile, 

musculoskeletal health, physical fitness and occupational performance in firefighters. 
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Furthermore, the study aimed to determine cardiovascular health metrics and risk profile, 

musculoskeletal health and physical fitness were significant predictors of occupational 

performance in firefighters. This study will also highlight key areas of focus when developing 

exercise/rehabilitation programmes to ensure that firefighters are ready for active duty.  

 

1.2. Statement of the Problem 

Historically, passing the cardiovascular fitness and occupational performance tests were 

considered sufficient parameters of fitness-for-duty in firefighters [26,52]. However, 

deteriorating cardiovascular and musculoskeletal health, and poor physical fitness have been 

associated with reduced occupational performance, which predispose firefighters to significant 

disability, while on duty [25,38,52]. In addition, most firefighters were not aware of their 

personal cardiovascular health and musculoskeletal health status, which is of significant concern 

[42,61–64]. The workloads that firefighters endure require them to be in optimal cardiovascular 

and physical condition in order to manage the work-related strain [38,52]. With the high 

prevalence of CVD risk factors, musculoskeletal disorders and low physical fitness among 

firefighters, the likelihood of sudden cardiac events and musculoskeletal injuries occurring, 

while on active duty, may increase significantly [10,11,13,65,66].  

 

In South Africa it has been reported that firefighters have elevated stress levels compared to 

firefighters in other global regions, a high prevalence of CVD risk factors and musculoskeletal 

injuries, which negatively affect their job performance and overall health and well-being  

[22,67]. Currently, there is a significant gap in the existing literature that investigates the 

relationship between cardiovascular health metrics and risk profile, musculoskeletal health and 
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physical fitness in firefighters, and how these parameters affect occupational performance, 

particularly in a South African context [22,59]. In developed and developing countries, poor 

cardiovascular health metrics and increased risk profile, together with underlying 

musculoskeletal health disorders and poor physical fitness, have been a quadrupled health 

burden [11,25,68]. Consequently, many firefighters on active duty are at increased CVD risk, 

compromised musculoskeletal health and low physical fitness [10,13,42,66,69]. Therefore, 

determining the relationship between cardiovascular and musculoskeletal health, physical 

fitness and occupational performance is of paramount importance. This study will highlight the 

need for strategic occupational and educational interventions regarding the health and wellness 

of firefighters in the CoCTFRS. In addition, there is need for advocating for suitable 

occupational health facilities with appropriate educational resources for firefighters.  

 

Therefore, determining the relationship between cardiovascular and musculoskeletal health, 

physical fitness and occupational performance is of paramount importance. This study will 

highlight the need for strategic occupational and educational interventions regarding the health 

and wellness of firefighters in the CoCTFRS. In addition, there is need for advocating for 

suitable occupational health facilities with appropriate educational resources for firefighters.  

 

1.3. Research Question 

The following research questions will be addressed in the study, namely: 

1. What is the relationship between cardiovascular health metrics and risk profile, 

musculoskeletal health, physical fitness and occupational performance in firefighters?  
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2. Are cardiovascular health metrics and risk profile, musculoskeletal health and physical 

fitness significant predictors of occupational performance in firefighters?  

1.4. Aim of the Study 

The aim of the study is to assess the relationship between cardiovascular health metrics and 

risk profile, musculoskeletal health, physical fitness and occupational performance in 

firefighters. 

 

1.5. Objectives of the Study 

The objectives of the study are to: 

1. Assess the current literature on the relationship between cardiovascular heath metrics and 

risk profile, musculoskeletal health, physical fitness and occupational performance in 

firefighters by conducting a systemic review and meta-analysis. 

2. Assess the relationship between cardiovascular health metrics and risk profile, 

musculoskeletal health, physical fitness and occupational performance in firefighters in the 

City of Cape Town Fire and Rescue Service. 

3. Assess whether cardiovascular health metrics and risk profile, musculoskeletal health and 

physical fitness are significant predictors of occupational performance in firefighters in the 

City of Cape Town Fire and Rescue Service.  

 

1.6. Hypotheses of the Study 

The hypotheses of the study are the following: 

H0: There will be no significant relationship between cardiovascular health metrics and risk 
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profile, musculoskeletal health and occupational performance in firefighters.  

H1: There will be a significant relationship between cardiovascular health metrics and risk 

profile, musculoskeletal health, physical fitness and occupational performance in 

firefighters. 

H2: Cardiovascular health metrics and risk profile, musculoskeletal health and physical fitness 

will be significant predictors of occupational performance in firefighters. 

 

1.7. Significance of the Study 

Firefighting is a strenuous and hazardous occupation that places tremendous physical and mental 

strain on firefighters [11,25,30]. If firefighters are not in optimal cardiovascular and physical 

condition, this predisposes them to significant morbidity and mortality, while on duty [11]. 

Currently, there are few studies investigating the relationship between cardiovascular and 

musculoskeletal health, physical fitness and occupational performance [25,42,55]. Therefore, 

this study will aim to determine the relationship between cardiovascular health metrics and risk 

profile, musculoskeletal health, physical fitness and occupational performance in firefighters in 

the CoCTFR. Furthermore, the study will determine the predictors of occupational performance. 

The scarcity of research on CVD risk, musculoskeletal health, physical fitness and occupational 

performance is a concern, especially with regard to the early and premature retirement of 

firefighters [11,68,70]. 

 

Determining the extent to which CVD risk, musculoskeletal health, and physical fitness affect 

occupational performance will contribute to future studies, where guidelines, recommendations 

and models can be developed to aid in maintaining firefighter health and well-being throughout 
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their careers. In addition, the early detection of firefighters with increased CVD risk, diminished 

musculoskeletal health and low physical fitness will assist in reducing the potential loss of life 

of firefighters and civilians, and decrease the possible damage to property [10,71]. This study 

will also highlight the need by the fire service to implement corrective intervention strategies, 

such as educational and lifestyle modification programmes, including physical training regimes 

designed to address the relatively high prevalence of CVD risk, musculoskeletal impairment, 

and poor physical fitness.  Ultimately, the intention is to reduce the alarming morbidity and 

mortalities rates in the fire services in the CoCTFRS [11,13]. 

 

1.8. Overview of the Study Methodology 

This section presents the various methodologies used to achieve the objectives of the study that 

encompass the study design and setting, participant sampling, data collection procedures and 

the reliability and validity of the study instruments. More specifically, the details of sample size 

and participant sampling, data collection procedures, research ethics and data analysis are 

described for each research paper in the subsequent chapters. 

 

1.8.1. Phase I: Systematic Review of Literature 

1.8.1.1. Literature Review, Systematic Review and Meta-Analysis  

The systematic review used a transparent and systematic process in order to define the research 

question, to search the literature, to assess the literary quality and to synthesize the findings, 

either qualitatively or quantitatively [74]. It involved formulating a search strategy that included 

all keywords and mesh terms to allow the search to run smoothly [74]. Once the articles were 

selected, they were thoroughly read and subjected to a data extraction process, as well as 
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summarizing of results from the selected articles. The papers were then subjected to advanced 

analysis, known as a meta-analysis, and presented graphically in forest plots or as tables [75]. 

The full protocol and research methodology may be found in Chapters Three, Four and Five.  

1.8.2. Phase II: Data Collection 

1.8.2.1. Study Design and Setting 

This study used a quantitative, non-experimental, cross-sectional, descriptive, and correlational 

research design. Data collection took place in the CoCT municipality district of the Westen Cape 

Umbrella Fire Protection Association (WCUFPA) (Figure 1.1). The CoCTFS district is further 

divided into North, West and East districts, consisting of a total of 32 fire stations in the three 

districts. Data collection took place at a single fire station in the CoCT municipal area. The data 

collection was divided into two stages, i.e., Stage I which encompassed all static measurements, 

such as height, weight, body fat percentage (BF%), lean body mass (LBM), blood pressure, 

blood glucose and cholesterol, and heart rate variability (HRV), as well as completing of the 

questionnaires (sociodemographic information, lifestyle information, and musculoskeletal 

health), and Stage II which encompassed all dynamic measurements, such as push-ups and sit-

ups, grip strength, leg strength, flexibility and the physical ability test (PAT). Full details of the 

methodology used is found in Chapters Seven to Twelve.
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Figure 1.1: District map of the Western Cape Province Fire Protection Association and the City of Cape Town Fire and Rescue Service District.  

 

Source: Cape Peninsula Fire Protection Agency  https://cpfpa.org.za/maps/  

http://etd.uwc.ac.za/
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1.8.2.2. Sampling of Participants 

There are approximately 1000 full-time firefighters from 96 platoons (32 fire stations) employed 

in the CoCTFRS. Using the finite sample size calculation, a minimum sample size of of 278 

participants was required to participate in this study. In total, 309 full-time firefighters were 

recruited using the systematic sampling technique. Participant sampling took place during the 

annual physical fitness assessment for all firefighters in the CoCTFRS, where participants for 

the study were selected, using random systematic sampling.  

 

1.8.3. Delimitations of the Study 

1.8.3.1. Inclusion Criteria 

The following inclusion criteria will be applied in the study, namely: 

• Full-time firefighters permanently employed in the CoCTFRS.  

• Male and female firefighters between the ages of 20 and 65 years.  

1.8.3.2. Exclusion Criteria 

The following exclusion criteria will be applied in the study, namely: 

• Administrative staff who are not active firefighters.  

• Volunteer firefighters or workers on short-time (i.e., contracted for the peak fire season 

only).  

• Firefighters who have been hospitalized or on leave during the period of the study.  

 

1.8.4. Instrument and Tester Reliability  

Several steps were taken to ensure the reliability of the data collection in this study. Firstly, the 

research equipment used in the study were high-precision instruments that were calibrated prior 

http://etd.uwc.ac.za/
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to use. Secondly, the researcher assistants were trained in various research techniques in order to 

ensure that tester technical error of measurement (TEM) was within acceptable research limits. 

Thirdly, each research assistant was given a specific test to perform for the duration of data 

collection in order to ensure consistency of the results. Fourthly, a test-retest reliability 

assessment was conducted by the principal investigator to ensure intra-tester and inter-tester 

reliability. The tester technical error of measurement (TEM) and the coefficient of variation of 

the technical error of measurement (CVTEM) was determined, and a minimum tester rating 

coefficient of 0.8 was required to ensure tester reliability, before the study commenced. Lastly, 

a pilot study was conducted to assess the reliability of the research instruments and the researcher 

assistants (Chapter Seven). 

 

1.9. Outline of the Thesis  

1.9.1. Chapter One: Introduction to the Study 

In chapter one, a summary of the prevalence of cardiovascular health metrics and risk profile, 

and musculoskeletal health in firefighters is provided. The chapter provides the importance of 

physical fitness in firefighting. In addition, the chapter provides an overview on the relationship 

between cardiovascular health and risk profile, musculoskeletal health, physical fitness and 

occupational performance in firefighters.  

1.9.2.  Chapter Two: Publication One −A Narrative Literature Review  

Title:  Cardiovascular disease risk factors, musculoskeletal health, physical fitness, and 

occupational performance in firefighters: A narrative review 

This review was aimed at investigating the relationship between CVD risk factors, 

musculoskeletal health, physical fitness and occupational performance. The results highlight that 

http://etd.uwc.ac.za/
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aged, obese, physically inactive, cigarette smokers, and unfit were at the highest risk for 

cardiovascular and musculoskeletal health complications, and unsatisfactory occupational 

performance. Musculoskeletal health complications significantly affected occupational 

performance and work ability and were related to physical fitness of firefighters. Most 

cardiovascular risk factors were related to physical fitness, and all physical fitness parameters 

were related to occupational performance in firefighters. 

1.9.3.  Chapter Three: Publication Two − Systematic Review Protocol  

Title: Effects of cardiovascular health, musculoskeletal health and physical fitness on 

occupational performance of firefighters: protocol for a systematic review and meta-

analysis 

This study is about the protocol for a systematic review aimed at determining the effect of 

cardiovascular health, musculoskeletal health, and physical fitness on the occupational 

performance of firefighters. The study highlighted the database search strategy that would be 

used, the databases that would be searched, the tools that would be used to retrieve information 

from each study, the critical appraisal tools that would be used and the data analysis techniques 

that would be used to perform the meta-analysis. 

1.9.4.  Chapter Four: Publication Three − Systematic Review One 

Title: Effects of Cardiovascular Disease Risk Factors, Musculoskeletal Health, and 

Physical Fitness on Occupational Performance in Firefighters—A Systematic Review 

and Meta-Analysis 

This study was conducted to determine the effects of CVD risk factors, musculoskeletal health, 

and physical fitness on the occupational performance of firefighters. In total, 30 studies were 

included in the systematic review and 25 studied included in the meta-analysis. The results 

http://etd.uwc.ac.za/
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showed that aged firefighters with a poor body composition and lower levels of physical fitness 

performed worse on all occupational performance tasks. In addition, male firefighters performed 

significantly better on all occupational tasks. Moreover, all measures of physical fitness were 

related to better occupational performance, particularly cardiorespiratory fitness, muscle strength 

and endurance.  

1.9.5. Chapter Five: Publication Four − Systematic Review Two 

Title: Association between Cardiovascular Disease Risk Factors and Cardiorespiratory 

Fitness in Firefighters: A Systematic Review and Meta-Analysis 

The limited number of papers on the cardiovascular health and physical fitness in firefighters 

highlighted the need to conduct this study. Therefore, the aim of the systematic review was to 

determine the association between cardiovascular disease risk factors and cardiorespiratory 

fitness in firefighters. The systematic review included 25 articles and for the meta-analysis, 

included 16 articles. The study found that aging and obesity reduced cardiorespiratory fitness in 

firefighters. And cardiorespiratory fitness had an inverse relationship with systolic blood 

pressure, diastolic blood pressure, total cholesterol, low-density lipoprotein cholesterol, 

triglycerides, and blood glucose concentrations.   

1.9.6. Chapter Six: Publication Five − Original Research Article One 

Title: Relationship Between Physical Activity, Coronary Artery Disease Risk Factors and 

Musculoskeletal Injuries in the City of Cape Town Fire and Rescue Service 

This study was conducted to investigate the relationship between physical activity, coronary 

artery disease risk factors and musculoskeletal injuries in firefighters. This study found that a 

high propotion (69.4%) of firefighters were physically inactive. Shoulder injuries were the most 

prevalent injury location (35.3%), followed by multiple injury sites and the back injuries. 
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Firefighters that participated in more vigorous intensity exercise were more likely to report 

musculoskeletal injuries.  

1.9.7. Chapter Seven: Publication Six − Original Research Article Two 

Title: A Pilot Study on the Relationship Between Cardiovascular Health, Musculoskeletal 

Health, Physical Fitness and Occupational Performance in Firefighters  

In this chapter, a pilot study was undertaken to investigate the feasibility of conducting a large-

scale study on cardiovascular health metrics and risk profile, musculoskeletal health, physical 

fitness and occupational performance in firefighters. The study found that there was good 

reliability in terms of both the research instruments and research. Potential logistic and/or 

administrative challenges were also identified that could negatively impact the larger study. In 

conclusion, the pilot study supported the feasibility of conducting the main study. 

1.9.8. Chapter Eight: Publication Seven − Original Research Article Three 

Title: Association between Cardiovascular and Musculoskeletal Health in Firefighters 

This chapter presents a study investigating the association between cardiovascular and 

musculoskeletal health in firefighters. The study reported that increasing age, BMI, BF%, DBP, 

TC, and the Framingham risk score increased the risk of reporting musculoskeletal injuries 

(MSIs). Obesity, hypertension and dyslipidaemia increased the risk of reporting MSIs, and 

musculoskeletal discomfort (MSDs) were associated with TC and low-density lipoprotein. For 

firefighters to develop and maintain overall health and wellbeing, they should establish good 

cardiovascular health profiles, especially as they aged.                         

1.9.9. Chapter Nine: Publication Eight − Original Research Article Four 

Title: Association between Physical Fitness and Cardiovascular Health in Firefighters  

http://etd.uwc.ac.za/
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Firefighters perform strenuous work in dangerous and unpredictable environments, and they 

need to be in optimal physical condition. In this chapter, the study reported the association 

between physical fitness and cardiovascular health in firefighters. The study found that relative 

cardiorespiratory fitness was associated with systolic blood pressure (SBP), diastolic blood 

pressure (DBP), non-fasting blood glucose (NFBG) and total cholesterol (TC). Poor 

cardiovascular health index (CVHI) was negatively associated with relV̇O2max (scaled to body 

mass), leg strength and push-ups. Furthermore, age was inversely associated with absolute and 

relative V̇O2max, push-ups, sit-ups and sit-and-reach. Moreover, BF% was negatively associated 

with absolute V̇O2max, handgrip and leg strength, push-ups, sit-ups and LBM. LASSO regression 

showed relative cardiorespiratory fitness was the most significant indicator of good 

cardiovascular health. In conclusion, cardiorespiratory fitness, muscular strength and muscular 

endurance were significantly associated with a better cardiovascular health profile.  

1.9.10.  Chapter Ten: Publication Nine − Original Research Article Five 

Title:  Association between Physical Fitness and Musculoskeletal Health in Firefighters 

Firefighters, often, sustain MSIs while on active duty, with many of them performing active duty 

with moderate-to-severe MSDs, which may negatively impact their occupational performance. 

This chapter presents a publication on the association between physical fitness and 

musculoskeletal health in firefighters. The study reported that higher levels of physical fitness 

reduced the odds of firefighters reporting MSIs. In addition, higher levels of physical fitness 

were associated with higher levels of MSDs. The maintenance of physical fitness was beneficial 

in reducing MSIs, however, increased the reporting of MSD in firefighters. 

1.9.11.  Chapter Eleven: Publication Ten − Original Research Article Six 

Title: Physical Fitness, Cardiovascular and Musculoskeletal Health and Occupational 
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Performance in Firefighters 

This chapter investigated whether physical fitness, cardiovascular health and musculoskeletal 

health were significant predictors of occupational performance in firefighters. The results 

showed that absolute V̇O2max, handgrip strength, leg strength, push-ups, sit-ups, lean body mass, 

HRV were associated with PAT completion times. The results of the MANCOVA reported 

significant differences between the various of the PAT. In addition, 50.5% of the variance in 

occupational performance was explained by weekly MET minutes, BF%, abV̇O2max, handgrip 

strength, leg strength and sit-ups. Firefighters should maintain high levels of physical fitness and 

good cardiovascular health to ensure satisfactory levels of occupational performance. 

1.9.12. Chapter Twelve: Publication Eleven − Original Research Article Seven 

Title: Evaluation of the Relationship between Occupational-Specific Task Performance 

and Measures of Physical Fitness, Cardiovascular and Musculoskeletal Health in 

Firefighters 

This chapter presents a publication that investigated whether physical fitness, cardiovascular and 

musculoskeletal health were significant predictors of occupational-specific task performance in 

firefighters. The results found that certain physical fitness parameters, specifically, absolute 

V̇O2max, handgrip strength, leg strength, push-ups, sit-ups and lean body mass were associated 

with better completion times in all occupational tasks. Aging, obesity, and hypertension was 

negatively associated with task performance in firefighters.  Firefighters with poorer 

musculoskeletal health performed poorer on tasks such as the step-up, charged hose drag and 

pull, and the rescue drag. In addition, key indicators of occupational task performance were 

absolute V̇O2max, handgrip strength, leg strength, sit-ups, lean body mass, BF% and weekly MET 

minutes. 
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1.9.13. Chapter Thirteen: Summary, Discussion, Conclusion and Recommendations 

 

In this chapter, a summary of the results  from the individual chapters are integrated and 

presented, i.e., the literature review, pilot study and original studies. The results are discussed in 

relation to the existing literature and the contribution of the current thesis to the literature on the 

research topic. In addition, the strengths and limitations of the study are outlined, and the 

implications of the study for firefighters, policy makers, and healthcare professionals are 

discussed. 
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Introduction. Firefighting is a strenuous occupation that requires firefighters to be in peak physical condition. However, many 

firefighters have risk factors for cardiovascular disease, impaired musculoskeletal health, and are not physically fit for duty, which 

all negatively impact their occupational performance. Therefore, the aim of this review is to determine the relationship between 

cardiovascular disease risk factors, musculoskeletal health, physical fitness, and occupational performance in firefighters. Methods. 

The electronic databases PubMed, SCOPUS, and Web of Science were searched online via the library portal of the University of the 

Western Cape. Publications and grey literature between the years 2000 to present were used. In total, 2607 articles were identified; 

after the removal of duplicates 1188 articles were then screened, and were excluded for not meeting initial screening criteria. The 

remaining 209 full-text articles were screened based on the inclusion and exclusion criteria, where 163 articles were excluded. Only 

studies that were quantitative were included. This left 46 articles that were then finally included in the current narrative review. 

Results. The current literature indicated that significant relationships existed between cardiovascular risk factors, musculoskeletal 

health, physical fitness, and occupational performance. The results indicated firefighters who were aged, obese, physically inactive, 

cigarette smokers, and unfit were at the highest risk for cardiovascular and musculoskeletal health complications, and unsat- 

isfactory occupational performance. Musculoskeletal health complications significantly affected occupational performance and 

work ability and were related to physical fitness of firefighters. Most cardiovascular risk factors were related to physical fitness, and 

all physical fitness parameters were related to occupational performance in firefighters. Conclusion. The overwhelming evidence in 

the current review established that physical fitness is related to occupational performance. However, the relationship between 

cardiovascular risk factors and musculoskeletal health in relation to occupational performance is less clear and still understudied. 

Significant gaps remain in the literature. 

exposed to life-threatening situations, severe temperatures, 1. Introduction 
hazardous chemicals, and fumes [1, 2]. These severe con- 

Firefighting is a strenuous occupation that places tremen- ditions necessitate that firefighters wear personal protective 

dous strain on the body, where firefighters are routinely equipment that is heavy and insulated, augmenting the 
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physiological load already placed on the cardiovascular and 

musculoskeletal systems [3]. These types of strenuous 

working conditions cause high levels of chronic cardio- 

vascular and physical strain, predisposing firefighters to 

cardiovascular disease, musculoskeletal injury, morbidity 

and in extreme cases, mortality [1, 4, 5]. Firefighters are, 

therefore, required to be in optimal physical conditioning to 

overcome many of these work-related challenges to their 

health [6–8]. 

Previous research indicates that amongst the emergency 

services, firefighters have the highest percentage of mortality 

(45%) due to sudden cardiac death (SCD), which is related to 

the presence of multiple cardiovascular disease (CVD) risk 

factors and low levels of physical fitness [1, 4, 5]. Current 

literature indicates that the majority of firefighters are either 

obese (63%) or physically inactive (49%) and unfit (27.1%), 

and engaged in poor dietary practices [9–14]. In addition, 

many of them were hypertensive (42%), smokers (21%), 

diabetic (15%), or had a muscular disorder (25%) [9–14]. The 

presence of multiple CVD risk factors substantially in- 

creased the cardiovascular strain, and negatively affected 

their cardiovascular fitness and occupational performance 

[3, 15, 16]. Musculoskeletal injuries amongst firefighters 

occurred most commonly in the fire station, and were due to 

trips, slips, or falls. Either while performing physical ac- 

tivities in the fire station or when responding to emergency 

situations, and occurred more frequently in aged, obese, and 

inactive firefighters [17, 18]. The lower limbs, back, and 

shoulders were the most common anatomical sites of injury 

and musculoskeletal disorders [17–21]. These injuries and 

disorders frequently caused chronic pain and inflammation, 

and decreased the work-ability of firefighters, and negatively 

affected their musculoskeletal health and occupational 

performance [17, 21, 22]. Cardiovascular disease and 

musculoskeletal health are significantly related to and affect 

the occupational performance of firefighters [9, 23–27]. 

Maintenance of physical fitness is an essential preventative 

tool not only in maintaining cardiovascular and musculo- 

skeletal health but also in maintaining satisfactory occu- 

pational performance in firefighters [6, 28, 29]. 
There have been very few studies investigating the re- 

lationship between CVD risk factors, musculoskeletal health, 

physical fitness, and occupational performance in fire- 

fighters. Therefore, this narrative review will investigate the 

relationships between these variables in firefighters, and how 

these may affect the overall health, wellness, and perfor- 

mance of firefighters. The objectives are to examine the 

relationship between each of these key outcome variables 

independently, and to highlight gaps in the literature for 

future research. The authors hypothesise that there will be 

significant relationships between CVD risk factors, mus- 

culoskeletal health, physical fitness, and occupational per- 

formance in firefighters. 

obesity, hypertension, diabetes, dyslipidaemia (hyper- 

cholesteremia), cigarette smoking, physical inactivity, a poor 

diet, and heart rate variability (HRV) [30, 31]. Heart rate 

variability is the variation in the time interval between 

consecutive heartbeats in milliseconds [1, 32]. 

Musculoskeletal health encompasses all factors related to 

the reduced integrity of the musculoskeletal system, and 

includes acute and/or chronic injuries, musculoskeletal 

disorders, discomfort, and pain [33–35]. 

Physical fitness includes all the components of health- 

related physical fitness that refers to the ability to perform 

muscular work satisfactorily and includes cardiorespiratory 

fitness, body composition, muscular strength, muscular 

endurance, and flexibility [36]. All components of health- 

related physical fitness are linked to occupational perfor- 

mance in firefighters. 

Occupational performance refers to the ability to per- 

form one’s job adequately, to the standards that are required 

in the specific occupation, which, in this case, refers to 

firefighting [37]. For firefighters, occupational performance 

includes the ability to perform core duties, such as hose drag, 

victim drag, equipment carry, door breaches, and ceiling 

breaches. 

2. Methods 

2.1. Literature Search Strategy. The following electronic 

databases were searched: PubMed, SCOPUS, and Web of 

Science. Grey literature included the Networked Digital 

Library of Theses and Dissertations. Only publications be- 

tween the years 2001 to December 2021 were used. Keywords 

and medical subject heading (MeSH) terms were used in 

various arrangements according to the specific database 

searched. An example of a search string used for a database 

search can be seen in Table 1: 

2.2. Graphical Bibliography of Literature Search. Figure 1 

explains the search results from PubMed, SCOPUS, and 

Web of Science as a diagram. The search results were saved 

and exported to Zotero™, where references were checked for 
duplicates. Thereafter, the citations were exported to 

VOSviewer™ where the bibliographic analysis was con- 
ducted. The diagram explains the central themes of the study, 

which were identified during the literature search procedure. 

The diagram indicates the commonly used terms, keywords, 

themes, and subthemes in the various articles from the 

electronic databases and their association with each other. 

The diagram was normalized using LinLog/modu- larity. 

The size of the node and line width between nodes indicates 

the commonality and popularity of the search terms, 

keywords, and co-occurrences. The co-occurrence and 

network strength of the keywords are represented by the size 

of the node and the degree of spread of the network from 

individual nodes. The colour schemes are coded by thematic 

area and web/link strength between the keywords. For ex- 

ample, the adult male node is the largest node located close 

to the middle of the diagram, indicating that adult male 

firefighters are the most frequently studied key terms in 

1.1. Understanding the Key Concepts in the Review. In the 

present review, CVD risk factors encompass all the metrics 

related to increased cardiovascular risk status or decreased 

cardiovascular health. These parameters include aging, 
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Table 1: Search strategy for PubMed. 

Order Search terms 

#1 “firefighter” [MeSH] OR “fire and rescue personnel” [MeSH] OR “fire fighters” [MeSH] OR “fire fighter” [MeSH] 

“Cardiovascular system”[MeSH] OR (“cardiovascular”[All fields] AND “system”[All fields]) OR “cardiovascular system”[All fields] 

OR “cardiovascular”[All fields] OR “cardiovasculars”[All fields] OR “cardiovascular abnormalities”[MeSH] OR “cardiovascular 

health” OR “HRV”[All fields] OR “heart rate variability” [All fields] OR “Heart Rate 

“Interval” [All fields] OR “RR variability” [All fields] OR “cycle length variability” [All fields] OR “heart period variability” [All 

fields] OR “autonomic function” [All fields] OR “vagal control” [All fields] OR “lipid profile” [MeSH] OR “cholesterol” [MeSH] 

“diabetes” OR “blood glucose” OR “age” OR “obesity” OR “blood pressure” OR “blood glucose” OR “Diet” OR “eating habits” OR 

“eating culture” 

#2 

“muscular injury” (MeSH) OR (“musculoskeletal” [All fields] AND “system” [All fields]) OR “muscular pain” OR “chronic pain” 

OR “acute pain” “acute injury” OR “muscular health” 
#3 

“Physical fitness” [MeSH] OR “exercise” [All fields] OR “physical exertion” [All fields] OR “fitness” OR “body composition” 

[MeSH] OR “muscle” AND (“strength” OR “endurance” OR “flexibility” OR “power”) OR “cardiorespiratory” 
#4 

“work performance” [All fields] OR “endurance” [All fields] OR “fitness” [All fields] OR “performance” [MeSH] AND “work 

performance/classification” [MeSH] OR “occupational health” OR “employee health” [MeSH] OR “occupational performance” OR 

“work ability” OR “health, industrial” [MeSH] OR “industrial health” [MeSH] OR “occupational safety” [MeSH] OR “safety, 

occupational” [MeSH] “body composition” [MeSH] OR “muscle” AND (“strength” OR “endurance” OR “flexibility” OR “power”) 

OR “cardiorespiratory” 

#5 

#1 AND #2 OR #1 AND #3 OR #1 AND #4 OR #1 AND #2 AND #3 OR #1 AND #2 AND #4 OR #1 AND #3 AND #4 OR #1 AND 

#2 AND #3 AND #4 OR #1 AND #5 OR #2 AND #5 
#6 

Key terms were searched in various combinations in 

PubMed, Web of Science, and Scopus (Table 3). In total, 807 

articles were found in PubMed, 973 in Web of Science, and 

823 in SCOPUS, totalling 2603 articles. Four studies were 

found from grey literature searchers. After each search, the 

search results were exported as either txt, RIS or BibTeX files, 

and files were then imported into Zotero™ reference 
manager, for further screening and checking for 

duplications. 

2.4. Screening Procedure. In total, 2603 articles were iden- 

tified through electronic database searches and four articles 

through a search of the grey literature (Figure 2). After 

removal of the duplicates (Zotero™), 1188 articles remained, Figure 1: Bibliometric analysis of database search results. 
which were then screened for eligibility using the titles and 

abstracts, and 980 articles were excluded for not meeting the 

review requirements (title, abstract, and keywords). The 

remaining 209 articles were screened based on the inclusion 

and exclusion criteria, as well as the full-text, where 161 

articles were excluded for the following reasons: being an 

intervention study; the relationship between the variables not 

clearly described; inconclusive results reported; the outcome 

variables were not aligned with the scope of this review. A 

total of 46 articles were finally identified, which were 

included in the narrative review. 

firefighters. Nodes located on the periphery of the diagram 

are the least occurring keywords, with the lowest network 

strength to other nodes/co-occurrences. 

2.3. Inclusion and Exclusion Criteria. The inclusion criteria 

were studies involving all types of firefighters, that used CVD 

risk factors and/or musculoskeletal health/disorders/injuries 

and/or physical fitness and/or occupational/professional/ 

work/job performance (Table 2). Studies involving all types 

of firefighters, active duty, seasonal, contract, volunteer, new 

recruits, of all ages, genders, and ethnicities were included. 

Studies that did not meet the purpose of the literature review 

(e.g., not using two or more of the variables, i.e., CVD risk 

factors, musculoskeletal health, physical fitness, or occu- 

pational performance) were excluded. In addition, inter- 

vention and review studies were excluded from this review. 

To limit the possibility of selection or reviewer bias, all 

studies related to the present review were included. 

2.5. Data Extraction. The principal investigator designed a 

spreadsheet in Microsoft Excel® for the data extraction. The 
extraction of data is a descriptive summary of the results that 

align with the objectives of the current review [38]. Five 

categories of data were extracted from each article and were 

populated in the spreadsheet. The categories included ref- 

erence (author), year, sample size, research design, and 

outcomes of the study. Data were extracted by the authors JR 

and LL. 
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Table 2: Inclusion and exclusion criteria of the literature search. 

Inclusion criteria Exclusion criteria 

(i) Studies that did not include firefighters only (other 

emergency services and populations excluded). 

 

(ii) Review studies. 

(i) Studies involving firefighters, either career, part-time, or volunteer. 

(ii) Studies investigating the relationships between cardiovascular disease risk 

factors, musculoskeletal health/disorders/injuries, physical fitness metrics, 

and occupational performance. 

(iii) Studies published after the year of 2000. 

(iv) Quantitative or mixed methods studies. 

(iii) Intervention studies. 

(iv) Qualitative studies that do not include quantitative 

statistical analysis. 

(v) Languages other than English. 

(vi) Articles where full-text was not available. 

Table 3: Search results from electronic databases. 

Database Search results 

PubMed 

Web of science 

SCOPUS 

Grey literature 

Total 

807 

973 

823 

4 

2607 

Figure 2: Flowchart of the study selection. 

3. Results 

From the 46 studies, 26 were published from North America 

(USA = 21; Canada = 5), 10 studies were published from 

Europe (Central Europe = 8; United Kingdom = 2), 3 studies 

were published from Asia (1 = Korea; 1 = Tehran; 1 = China), 

2 were published from Australia, and 1 study from Africa 

(Ghana). In the literature, most studies investigated the 

relationship between CVD risk factors and physical fitness 

or the relationship between physical fitness and occupational 

performance. The high morbidity and mortality rates seen in 

firefighters reflected the relatively high volume of literature 

in these areas, as over 45% of firefighter fatalities were due to 

poor or deleterious cardiovascular health [15]. 

The effects of musculoskeletal health have been under- 

studied in firefighters, particularly in relation to CVD risk 

Studies included in 
narrative synthesis 

(n = 46) 

Full-text articles 
assessed for eligibility 

(n = 209) 

Full-text articles 
excluded, with reasons 

(n =163) 

.Intervention study 

Relationship between 
variables not described. 

Inconclusive results 
reported. 

Outcome variable not 
aligned with the review. 

Records excluded 
(n = 980) 

Records screened 
(n = 1188) 

Duplicates removed 
(n = 1419) 

Records remaining after duplicates removed 
(n = 1188) 

Additional records identified 
through grey literature 

(n = 4) 

Records identified through 
database searching 

(n =2603) 
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status and occupational performance [39, 40]. These factors, 

ultimately, result in impaired occupational performance in 

firefighters, placing them at significant risk of CVD and 

musculoskeletal injury [15, 39]. The following results are 

separated into themes concerning the relationships between 

the variables. 

3.2. Cardiovascular Disease Risk Factors and Physical Fitness. 

Fourteen studies investigated the relationship between CVD 

risk factors and physical fitness in firefighters. The results of 

the studies are summarized in Table 4. Overall, higher levels 

of physical fitness, particularly cardiorespiratory fitness, 

were related to improved CVD risk status in firefighters 

[8, 29, 46–48, 78]. This relationship has been studied, more 

thoroughly in firefighters, as both factors represent essential 

components in firefighters’ health, wellness, and occupa- 

tional performance [8, 47]. 
Kiss et al. [51] investigated cardiorespiratory fitness in 

1225 firefighters from East-Flanders Province, Belgium. 

The study reported that age (R2 = 0.28, p < 0.001) and 

obesity (R2 = 0.28, p < 0.001) were significant predictors of 

cardio- respiratory fitness (Table 4). The study noted that 
age and obesity should be monitored closely in firefighters, 
especially between the ages of 30–50 years, when the risk 
escalates exponentially. A limitation of the study was that 
only male firefighters were included, due to the low number 
of female firefighters. Kirlin et al. [54] investigated the effect 
of age on physical fitness in a sample of 97 female firefighters 
from San Diego, USA. The study reported that, in female 
firefighters, age was significantly related to 

cardiorespiratory fitness (p < 0.001). Interestingly, age was 

not associated with muscular endurance in females. 

Phillips et al. [7] investigated the effect of obesity on 
physical fitness in 414 full-time male firefighters from 
Alberta, Canada. The study found that obese firefighters 

had a significantly shorter treadmill time (p < 0.05) and 

lower cardiorespiratory fitness (p < 0.05) compared to 

firefighters with normal body weight. A study that inves- 
tigated the CVD risk factors in 294 full-time firefighters in 
Colorado, USA, reported that improved cardiorespiratory 
fitness was a significant predictor of better cardiovascular 

risk status (OR = 2.87, p < 0.05) [55]. This was supported by 

another study which reported that increased cardiorespi- 
ratory fitness was inversely related to deleterious cardio- 

vascular risk status (p < 0.001) in male firefighters [46]. 

Barry et al. [56] investigated the relationship between body 
composition and physical activity on cardiorespiratory 
fitness in 29 conveniently sampled full-time male fire- 

fighters and found that central obesity (β = 0.482, p < 0.001) 

and vigorous physical activity (β = 0.560, p < 0.001) were 

significant predictors of cardiorespiratory fitness. How- 
ever, the small sample size limited the generalizability of 
the results. The results of Barry et al. were supported by an 
earlier study by Punakallio et al. [24] which found that 
firefighters who exercised at least four to five times a week 

(p = 0.016) maintained cardiorespiratory fitness through- 

out their careers, and that aging (p = 0.048), regular 

smoking (p = 0.048), and alcohol consumption (p = 0.018) 

were significant predictors of a decline in cardiorespiratory 
fitness. 

Baur et al. [47] conducted a large-scale cross-sectional 
study on 968 male firefighters from the US and reported that 
higher cardiorespiratory fitness was significantly associated 
with improved CVD risk status, specifically, to lower systolic 

blood pressure (SBP) (p < 0.001), body fat percentage (BF%) 

(p < 0.001), triglycerides (p < 0.001), low-density lipoprotein 

3.1. Cardiovascular Disease Risk Factors and Musculoskeletal 

Health. Six studies investigated the relationship between 

cardiovascular and musculoskeletal health. The results of the 

studies are summarized in Table 4. The results indicated that 

age, obesity, and cigarette smoking were significantly as- 

sociated with reduced musculoskeletal health, specifically, in 

the lower back and lower extremities [19, 21, 22]. 
Negm et al. [45] conducted a cross-sectional study on 294 

full-time male firefighters in Hamilton Trenholm, Canada, 
investigating their musculoskeletal health. The study reported 
that aged firefighters (≥42) were significantly related to poorer 
musculoskeletal health, specifically to lower extremity disability 

(p = 0.03) and severe low back pain (p < 0.001). In addition, 

aged firefighters were more likely to have multiple sites with 
poor or severe musculoskeletal health. Similarly, Jang et al. [43] 
conducted a study on 392 full-time firefighters in Dongguk, 
Goyang, Korea, and found that age was a significant predictor 

of lumbar intervertebral disc degeneration (p < 0.05) in fire- 

fighters. This was supported in another study, which reported 

that age was a significant predictor of back pain (p = 0.002) in 

firefighters [44]. Likewise, an earlier study by Gordon and 
Lariviere [42] on 252 full-time male and female firefighters 
from Ontario, Canada, reported that age was a significant 

predictor of musculoskeletal injury (OR = 6.49, p < 0.05). Aged 

firefighters are more likely to have poor musculoskeletal health 
compared to their younger counterparts. [42]. 

Damrongsak et al. [44] conveniently sampled 298 male 

firefighters in the South-eastern regions of the United States 
(US). The study investigated the predictors of back pain and 

reported that the combination of occupational stress, age, 
history of back pain, and obesity (BMI) were significant 

predictors of current back pain in firefighters (χ2 = 127.84, df 

= 4, p < 0.0001). Jahnke et al. [22] conducted a cross- 

sectional study on 347 full-time firefighters from Kansas, 

Missouri, Iowa, Nebraska, North Dakota, South Dakota, 
Colorado, and Wyoming which investigated the factors that 

affected injury prevalence. The study noted that obesity 

(BMI and WC) was significantly related to poor musculo- 
skeletal health, and increased the risk of firefighters sus- 

taining acute musculoskeletal injuries when on duty by 5.2 

and 2.8 times, respectively. In addition, another study re- 
ported that cigarette smoking was significantly related to 

musculoskeletal injuries in firefighters [21]. Similarly, 
Poston et al. [41] reported that, in 478 full-time male fire- 

fighters age, obesity and smoking status were significant 

predictors of poor musculoskeletal health (p < 0.001). 

Moreover, firefighters categorised with class II and III 

obesity were more likely to sustain injuries (OR = 4.89). 
Likewise, Jahnke et al. [21] reported that firefighters who 

were former smokers were more likely to sustain a mus- 

culoskeletal injury compared to nonsmokers (OR = 1.84). 
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Table 4: Relationship between CVD risk factors musculoskeletal health, physical fitness, and occupational performance (n =  46). 

Study design 
References Year Sample and setting Outcome 
 (sampling)  

Cardiovascular disease risk factors and musculoskeletal health (n = 7) 

(i) Age, BMI, smoking status, and general health were significant 
478 full-time male firefighters 

USA 

347 full-time firefighters 

Kansas, Missouri, Iowa, Nebraska, North Dakota, South Dakota, 

Colorado, and Wyoming, US 

462 full-time firefighters 

Kansas, Missouri, Iowa, Nebraska, North Dakota, South Dakota, 

Colorado, and Wyoming, US 

252 full-time male and female firefighters 

Ontario, Canada 

392 full-time firefighters 

Dongguk, Goyang, Korea 

298 male firefighters conveniently sampled 

Southeastern United States, USA 

294 full-time firefighters 

 

Hamilton, Trenholme, Canada 

predictors of work injury (p < 0.001). 

(ii) Firefighters categorised with class II and III obesity were significantly 

more likely to sustain injuries (OR: 4.89). 

(i) Obese firefighters were 5.2 times more likely to experience 

musculoskeletal injury. 

(ii) Firefighters with central obesity were 2.8 times more likely to 

experience musculoskeletal injury. 

(i) Cigarette smokers were more likely to sustain injuries compared to 

nonsmokers. 

(i) Age (OR: 6.49) and years of experience (OR: 0.1) were significant 

predictors of injury. 

(i) Age was a significant predictor of lumbar intervertebral disc 

degeneration (p < 0.05), regardless of core job description. 

(i) Age (p = 0.002), BMI (χ2 = 127.84, df = 4, p < 0.0001), current back 

pain, occupational stress, history of back pain were significant predictors 
of current back pain. 

(i) Older (≥42 years) firefighters had significantly more severe lower- 

extremity disability and more severe back pain 

(ii) Older firefighters were significantly more likely to have multiple 

Poston et al. [41] 2011 Cross-sectional 

Jahnke et al. [22] 2013 Prospective cohort 

Jahnke et al. [21] 

 

Gordon and 

Lariviere [42] 

Jang et al. [43] 

 

Damrongsak et 

al. [44] 

2013 Cross-sectional 

2014 

 

2016 

Cross-sectional 

 

Cross-sectional 

2017 Cross-sectional 

Negm et al. [45] 2017 Cross-sectional 

musculoskeletal disorders. 

Cardiovascular disease risk factors and physical fitness (n  = 17) 

Donovan et al. 

[46] 

214 male firefighters (i) Cardiorespiratory fitness was inversely related to metabolic 

abnormalities (p < 0.001). 

(i) Metabolic equivalents (METs) were inversely related to diastolic blood 

pressure (DBP), body fat, triglycerides, low-density lipoprotein 

cholesterol (LDL-C) and total/high-density cholesterol (TC/HDL-C) 

ratio, and high-density lipoprotein cholesterol (HDL-C). 

(i) Increased weekly exercise reduced the decline in cardiorespiratory 

fitness. 

(ii) Regular smoking and more than 15 units of alcohol a week were 

significant predictors of a decline in cardiorespiratory fitness. 

(i) Cardiorespiratory fitness was inversely associated with ECG and 

autonomic exercise testing abnormalities before and after adjustment for 

age, BMI and metabolic syndrome. 

(i) Back and core muscular endurance was 27% lower in obese 

firefighters. Back and core muscle endurance were related to obesity. 

(ii) Significant negative correlations were reported between back 

2009 Cross-sectional 
Colorado, USA 

968 male firefighters, 

 

USA 
Baur et al. [47] 2011 Cross-sectional 

70 male firefighters aged 30 to 44 years 

 

Finland 

Punakallio et al. 

[24] 
2012 Longitudinal 

Baur et al. [48] 2012 1149 male firefighters, USA Cross-sectional 

83 full-time firefighters 

Mayer et al. [49] 2012 Cross-sectional 
endurance and age (p < 0.05), BMI (p < 0.01), and BF% (p < 0.01), and 

between core endurance and BMI (p < 0.01), BF% (p < 0.01), and fat free 

mass (p < 0.05). 

Tampa, Florida, USA 
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Table 4: Continued. 

Study design 
References Year Sample and setting Outcome 
  (sampling)  

577–799 full-time firefighters 
(i) Age was a significant modifier of V̇O2max (p < 0.001). 

(i) Cardiorespiratory fitness was significantly related to age-group, body 

mass index (BMI) groups, and body fat percentage. 

(i) Aging was significantly related to poor cardiorespiratory fitness 

(p < 0.05). 

(ii) Aging was related to a significant decrease in cardiorespiratory fitness 

between the 35–44 and 45–54-year age groups (p < 0.001). 

(i) Age was negatively correlated with V̇O2max (r = −0.368, p < 0.05), 

flexibility (r = −0.160, p < 0.05). 

(ii) BF% was negatively correlated with V̇O2max (r = −0.448, p < 0.05), 

grip strength (r = −0.191, p < 0.05), and flexibility (r = −0.135, p < 0.05). 

(i) Cardiorespiratory fitness (V̇O2max) was significantly correlated with 

age, BMI, cigarette smoking, physical activity, LDL-C, HDL-C, SBP, DBP, 

and heart rate (p ≤ 0.05). 

(i) Relative V̇O2, absolute V̇O2 and maximum METs were significantly 

associated with age. 

(i) BF% (p < 0.01), estimated V̇O2max (p < 0.05), metabolic syndrome 

(p < 0.05), and age group (p < 0.001) were significantly related to 10-year 

atherosclerotic cardiovascular disease risk. 

(i) Waist circumference (WC) was a significant predictor of V̇O2max. 

(ii) More physically active firefighters had a higher V̇O2max. 

(i) Age, BMI, WC, waist-to-hip ratio (WHR), BF% and fat mass was 

significantly correlated with V̇O2max. 

(ii) Resting heart rate (RHR), SBP, DBP, and blood glucose were 

significantly correlated with V̇O2max. 

(i) Cardiorespiratory fitness (V̇O2max) was positively correlated with 

overall cardiac autonomic function and higher parasympathetic activity 

(p = 0.03). 

(i) Age, BMI, SBP, DBP, total cholesterol (TC), LDL-C, triglycerides, 

glucose concentration, and smoking status were significantly different 

between push-up categories (upper body endurance). 

(i) BMI, WC, BF%, and resting SBP, triglycerides, and total cholesterol 

values were significantly lower with increased cardiorespiratory fitness 

Poplin et al. [50] 

 

Kiss et al. [51] 

2013 

 

2014 

Longitudinal 

 

Cross-sectional 

Southwestern States, USA 

1225 firefighters 

East-Flanders Province, Belgium 

73 full-time male firefighters, Australia 

Walker et al. [52] 2014 Cross-sectional 

799 full-time firefighters 

 

Southwestern states, USA 

Retrospective 

occupational 

cohort 

Poplin et al. [53] 2015 

Seyedmehdi et al. 

[29] 

 

Kirlin et al. [54] 

2016 157 full-time male firefighters, Tehran Cross-sectional 

2017 97 female firefighters, San Diego, USA Cross-sectional 

Li et al. [55] 2018 294 full-time firefighters, Colorado, USA Cross-sectional 

Barry et al. [56] 2019 29 male full-time firefighters conveniently sampled, USA Cross-sectional 

Espimoza et al. 

[57] 
2019 76 volunteer male firefighters, Chile Cross-sectional 

64 full-time firefighters (38 on-duty and 26 off-duty), federal 

District (Brasilia), Brazil 

 

1562 full-time firefighters participated at baseline and 1104 of 

these firefighters participated at follow-up, Indiana, USA 

Porto et al. [58] 2019 Cross-sectional 

Retrospective 

longitudinal cohort 
Yang et al. [59] 2019 

97 full-time firefighters <60 years. Westphalia, Germany Strauss et al. [8] 2021 Cross-sectional 

(V̇O2max) (p < 0.05, age-adjusted). 

Cardiovascular disease risk factors and occupational performance (n = 6) 

(i) Age (r = −0.33, p < 0.01) and BMI (r = −0.15, p < 0.05) were negatively 

related to work ability, and cigarette smoking was negatively related to 

Longitudinal work demands (r = −0.10 p < 0.05), and physical exercise was positively 

related to work ability index (r = 0.015, p < 0.01) and work demands (r 

= 0.018, p < 0.01). 

Airila et al. [60] 2012 403 male firefighters, Kuopio, Finland. 
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Table 4: Continued. 

Study design 
References Year Sample and setting Outcome 
 (sampling)  

(i) Aging was significantly related to worse performance of simulated 

operational power testing tasks (p < 0.001). 

(ii) Hose-drag times significantly increased between 25–34 and 45–54 
Walker et al. [52] 2014 73 full-time male firefighters, Australia Cross-sectional 

(p < 0.001) and 35–44 and 45–54 year age-groups (p < 0.001). Dummy- 

drag times significantly increased between 25–34 and 45–54 (p < 0.001), 

and 35–44 and 45–54-year age-groups (p < 0.001). 

(i) Age (r = -0.277, p = 0.001), BMI (r = −0.187, p = 0.001) and work 

experience (r = −0.281, p = 0.001) were negatively correlated with work 

ability. 

(ii) Leisure time physical activity (r = 0.206, p = 0.001) was related to 
work ability. 

(i) The obese firefighting group had a significantly shorter treadmill time, 

lower relative V̇O2max and absolute V̇O2max. 

(ii) The heaviest groups had significantly lower completion times for the 

hose drag, weighted sled pull, forcible entry, and victim rescue. 

(iii) The lightest firefighters had a significantly lower time for the ladder 

climb. 

(i) Age and grip strength were significant predictors of hose drag and stair 

climb completion times (p < 0.05). 

(i) Older firefighters (≥37 years) had an 8.8% increase in completion time 

for the firefighting course. 

(ii) Age was positively correlated with course time (r = 0.297, p = 0.017). 

(i) High BF% was associated with poor performance in ability tests. 

Firoozeh et al. 

[61] 
2017 375 full time male firefighters, Tehran Cross-sectional 

Phillips et al. [7] 2017 414 male firefighters, Alberta, Canada Longitudinal 

46 male and 3 female firefighters between the ages of 20–

69 years, Canada 

74 full-time male firefighters were conveniently sampled, 

Kentucky, USA 

20 full-time male firefighters, Southeast China 

Nazari et al. [26] 2018 Secondary analysis 

Saari et al. [62] 

 

Xu et al. [63] 

Norris et al. [64] 

2020 

 

2020 

2021 

Cross-sectional 

 

Cross-sectional 

19 full-time male firefighters, Texas, USA Cross-sectional (i) Age and fat mass were significant predictors of work efficiency. 

Musculoskeletal health and physical fitness (n = 5) 

Firefighter recruits with minimum cardiorespiratory fitness (i) Injury-related restrictions were more likely where no 

cardiorespiratory fitness standard was applied. Wynn and 

Hawdon [65] 

standard (398 full-time and 48 part-time recruits) and without 

fitness standard (198 full-time and 206 part-time subjects). 

Northern England 

 

108 trainee firefighters, Orange County, USA 

2012 Cohort 
(ii) Firefighters with a higher V̇O2max correlated with a lower incidence of 

injuries (p < 0.01) 

(i) Three functional movement screening (FMS) movements were 

significant predictors of injury i.e., the sit-and-reach (OR: 1.24), the deep- 

squat (OR: 1.21), and the push-up (OR: 1.30). 

(i) Injuries were 4.6 times more likely to be sustained when firefighters 

regularly exercised, while on duty. Increased V̇O2max (OR: 1.06) and 

strength (OR: 4.03) were significantly associated with injury while 

exercising or training. 

Butler et al. [66] 2013 Cohort 

462 full-time firefighters, Kansas, Missouri, Iowa, Nebraska, 

North Dakota, South Dakota, Colorado, and Wyoming, USA 
Jahnke et al. [21] 2013 Cross-sectional 

8
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Table 4: Continued. 

Study design 
References Year Sample and setting Outcome 
 (sampling)  

(i) Firefighters in the lowest fitness category 

(V̇O2max < 43 mL·kg−1·min−1) were 2.2 times more likely to sustain injury 

than firefighters in the highest fitness level category 

(V̇O2max > 48 mL·kg−1·min−1). 

(ii) A V̇O2max between 43 and 48 mL·kg−1·min−1 were 1.38 times more 

likely to incur injury. 

(iii) Improving relative aerobic capacity by one metabolic equivalent 

reduced the risk of injury by 14%. 

(i) Firefighters with lower cardiorespiratory fitness were at increased risk 

of injury. 

(ii) The risk of injury was 1.82 times more likely for the least fit 

firefighters. 

(iii) When restricted to sprains and strains, the risk of injury increased to 

Poplin et al. [50] 2013 577–799 full-time firefighters, Southwestern States, USA Longitudinal 

Retrospective 

occupational 

cohort 

Poplin et al. [53] 2015 799 full-time firefighters, Southwestern States, USA 

2.90. 

Musculoskeletal health and occupational performance (n = 5) 

(i) Musculoskeletal pain (MSP) in more than one site diminished work 

ability. 

(ii) Low back pain (OR = 1.9) forearm and hands pain (OR = 1.9) 

Punakallio et al. 

[67] 

predicted diminished work ability 

(iii) Participants who were on disability pension were older, more often 

had poor work ability, and had slightly more MSP at baseline. 

(iv) Average-(OR: 3.1)-to-high (5.3) physical workload was a significant 

risk factor for retiring on disability pension. 

(i) Work-related musculoskeletal disorders (WMSD) were significantly 
related to work demands (r = 0.023) and task characteristics (r = 0.026). 

Work demands (β = 0.226, p < 0.01) and task characteristics (β = 0.214, p 
< 0.01) were significant predictors of WRMSDs. 

(i) Firefighters who reported moderate-severe muscle and joint problems 

took 10 seconds longer to perform the stair climb, but were not 

statistically significant. 

(i) Work ability index had negative correlation with discomfort in the 
wrists (r = –0.170, p = 0.007), legs (r = –0.129, p = 0.042), and ankles (r = 

–0.176, p = 0.005. 

(i) Firefighters with spinal pain experienced significantly more output 

limitation. Firefighters above 45 years experienced more physical work 

limitations. The number of musculoskeletal pain sites, age, and years of 

2014 411 full-time male firefighters, Helsinki, Finland Longitudinal 

320 full-time firefighters 

The greater Accra region of Ghana 

293 full-time male and female firefighters 

Hamilton, Ontario, Canada 

250 full-time firefighters 

Tehran (North, South, East, and West) 

325 full-time firefighters 

Kodom-Weredu 

[68] 
2018 Cross-sectional 

MacDermid et al. 

[40] 
2019 Cross-sectional 

Saremi et al. [69] 2019 Cross-sectional 

Cross-sectional 

survey 
Nazari et al. [39] 2020 

Hamilton, Ontario, Canada 

service predicted occupational output and work limitations. 

Physical fitness and occupational performance (n = 11) 

(i) V̇O2max was a significant predictor of simulation performance time. 13 full-time male firefighters aged between 24 and 56 years. 

Nord-Trøndelag County, Norway 

von Heimburg et 

al. [70] 
2006 Cross-sectional Better work performance was related to firefighters who were stronger, 

heavier, and taller. 
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Table 4: Continued. 

Study design 
References Year Sample and setting Outcome 
 (sampling)  

20 full-time male firefighters 

San Diego, USA 

33 full time firefighters, male (26) and female (7) aged between 

18 and 45 years 

Baltimore, Washington, USA 

90 full-time firefighters 

(i) There was a moderately strong inverse relationship between the 

average VO2max during the firefighting simulation protocol and 

performance time. 

(i) V̇O2max, upper body strength, grip strength, and the HR response to 
stair climbing were significantly related to better performance on the 

candidate physical ability test (p < 0.01). Absolute V̇O2max predicted 

candidate physical ability test performance (p = 0.001). 

(i) Ability test (AT) completion time was associated with abdominal 

strength (p < 0.01), relative power (p < 0.01), upper-body muscular 

endurance and upper-body strength (p < 0.01). Poor performance on the 

AT was associated with high resting heart rate (p < 0.01), high BMI 

(p < 0.01), high BF% (p < 0.01), aging (p < 0.01), and high WC (p < 0.01). 

(i) Firefighters with higher a V̇O2max who were stronger completed the 

simulation protocol faster (p < 0.05). Some firefighters with below 

average strength were among the quickest, indicating that a minimal 

strength was needed to perform well, and strength beyond that point did 

not improve performance times. 
(i) Quadriceps muscle strength was significantly associated with stair 

climb time (r = 20.492, p = 0.001), and remained significant after 

adjustment for age and BMI. 

(i) Age, sex, height and/or lean mass were not significant predictors of the 

firefighter simulation test (FFST) performance time. The strongest 

predictor of FFST time was absolute V̇O2 and fat mass. 

(i) Grip strength and lower body strength were significant predictors of 

hose drag and stair climb completion times (p < 0.05), respectively. 

(i) V̇O2max (p < 0.001), anaerobic step test (p < 0.001), height (p = 0.038) 

and lean mass (p = 0.005) were inversely correlated with ARFF 

emergency protocol simulation performance time. Slower performance 
time was associated with higher fat mass (p = 0.043) and BF% 

(p = 0.001). Muscular strength, muscular endurance and flexibility were 
not related to performance on the simulated ARFF emergency protocol. 

(i) High BF% was associated with poor performance in ability tests, 

V̇O2max was associated with increased performance, and upper and lower 

body muscular power were both inversely related to firefighter ability test 

completion time. 

(i) Experience, jump height, inverted row endurance, relative bench and 

squat strength, and relative V̇O2 were significant predictors of work 

efficiency (p < 0.05). 

Elsner and 

Kolkhorst [84] 
2008 Cross-sectional 

Sheaff et al. [72] 2010 Cross-sectional 

Michaelides et al. 

[73] 
2011 Cross-sectional 

Arkansas, USA 

63 full-time firefighters. 

Heimburg et al. 

[74] 
2013 Cross-sectional 

Trondheim, Norway. 

46 full-time male firefighters aged 24 to 50 years 

North Carolina, USA 

68 (63 male; 5 female) full-time firefighters 

Bath, England, United Kingdom 

46 male and 3 female firefighters between the ages of 

20–69 years. 

Canada 

42 male aviation rescue firefighters (ARFF) 

Kleinberg et al. 

[75] 
2016 Cross-sectional 

Siddal et al. [76] 2018 Cross-sectional 

Nazari et al. [26] 2018 Secondary analysis 

Skinner et al. [77] 2020 Cross-sectional 
Queensland, Australia 

20 full-time male firefighters 

Southeast China 

19 full-time male firefighters 

Texas, USA 

Xu et al. [63] 2020 Cross-sectional 

Norris et al. [64] 2021 Cross-sectional 

Note. Studies that were included were categorised chronologically. Few studies compared variables in more than one relationship and, therefore, few studies are repeated in the table. 

1
0
 

Jo
u

rn
al o

f E
n
v

iro
n

m
en

tal an
d
 P

u
b

lic H
ealth

 
 

  

 

 

http://etd.uwc.ac.za/



P a g e  | 44 

 

Journal of Environmental and Public Health 11 

cholesterol (LDL-C) (p < 0.001) total cholesterol (TC) 

(p = 0.005), and total/high-density lipoprotein cholesterol 

ratio (TC/HDL-C) (p < 0.001). Higher cardiorespiratory 

fitness was also associated with higher HDL-C [47]. Simi- 
larly, Seyedmehdi et al. [29], in 157 full-time male firefighters 
in Tehran, reported that cardiorespiratory fitness was sig- 
nificantly correlated with age (OR = 4.86, p = 0.011), obesity 

(BM and WC) (OR = 4.69, p = 0.009), cigarette smoking (OR 

= 6.64, p = 0.045), physical inactivity (OR = 5.53, p = 0.003), 

blood cholesterol (OR = 5.44, p = 0.010), SBP (OR = 7.50, p 
= 0.045) and diastolic blood pressure (DBP) (OR = 2.70, p = 

0.045), and heart rate (p = 0.001). Strauss et al. [8] also 

studied about 97 full-time firefighters in Germany and 
reported that age (β = −2.04, p < 0.001), obesity (BMI, 

WC, and BF%) (β = −1.07; β = −3.23; β = −2.20, p < 

0.001), SBP (β = −1.58, r = 0.007), DBP 
(β = −1.36, p = 0.001), triglycerides (β = −12.38, p = 0.0024), 

and total cholesterol (β = −4.90, p = 0.0067) were significant 

predictors of cardiorespiratory fitness. Likewise, Espinoza 
et al. [57] investigated 76 volunteer Chilean male firefighters 
and reported that obesity (β = −10.8, p < 0.001), central 

obesity (β = −7.71, OR = 12.35, p < 0.001), and altered glu- 

cose (β = −4.4, OR = 2.87, p = 0.019) were significant pre- 

dictors of cardiorespiratory fitness. The study also found that 
age (r = −0.36, p < 0.001), heart rate (r = −0.27, p < 0.01), SBP (r 

= −0.24, p < 0.03), and DBP (r = −0.25, p < 0.02) were 

negatively correlated with cardiorespiratory fitness. [57] The 
previous studies only investigated male firefighters, which 
limits the generalizability of the results. 

Yang et al. [59] investigated the association between 
muscular endurance (push-up capacity) and CVD risk 
factors in 1562 full-time firefighters in Indiana, USA, and 
found that push-up capacity was significantly related to 

CVD risk factors, specifically, age (p < 0.001), obesity (p 
< 0.001), blood pressure (BP) (p < 0.001), TC (p = 0.02), 

LDL-C (p = 0.04), triglycerides (p < 0.001), blood glucose (p 
< 0.001), and smoking (p < 0.001). A limitation of the study 

was that the researchers investigated push-ups only and did 
not control for other physical fitness measures, which could 
have influenced the results. Also, the result cannot be 
generalized to women or older firefighters, as the cohort 
consisted of middle-aged male firefighters only. Another 
study on the impact of obesity on back and ab- dominal 
muscular endurance in 83 full-time firefighters from Florida, 
USA, 57 reported that back and core muscular endurance 
was 27% lower for obese firefighters compared to nonobese 
firefighters, and that significant negative corre- lations were 

reported between back endurance and age (r = −0.22, p < 

0.05) and obesity (r = −0.44, p < 0.01) and between core 

endurance and obesity (r = −0.47, p < 0.01). Studies by 

Poplin et al. [50, 53] reported similar results in 

depression, ventricular tachycardia, sustained supraven- 
tricular tachycardia, and exercise-induced left or right 
bundle branch block) in 1149 full-time male firefighters from 
the USA and reported that cardiorespiratory fitness was 
inversely associated with ECG and autonomic abnor- 

malities (OR = 0.63, p < 0.001), and remained significant 

after being adjusted for age (p < 0.001), BMI (p < 0.001), and 

metabolic syndrome (p < 0.001). Similarly, Porto et al. [58] 

reported that a positive correlation existed between higher 
cardiorespiratory fitness and overall cardiac autonomic 

function and parasympathetic activity (p < 0.001). Auto- 

nomic function provides a valuable measure in determining 
CVD risk in firefighters and requires more research to in- 
vestigate its use. 

3.3. Cardiovascular Disease Risk Factors and Occupational 

Performance. Six studies examined the relationship between 

CVD risk factors and occupational performance in fire- 

fighters. The results of the studies are shown in Table 4. 

Walker et al. [52], in 73 full-time male Australian fire- 

fighters, found significant differences between age-groups 

(ω2 = 0.23, p < 0.001), overall for cardiorespiratory fitness 

strength (ω2 = 0.21, p = 0.001), dummy drag (ω2 = 0.26, 
p < 0.001), and hose drag (ω2 = 0.46, p < 0.001). Similarly, 

Nazari et al. [26] reported that age was a significant predictor 
of hose drag (β = 0.48, p = 0.003) and stair climb (β = 0.46, 

p=0.030) in firefighters. Saari et al. [62] investigated the 

influence of age on occupational performance in 74 full-time 
male firefighters in Kentucky, USA, reported that aging 
correlated with occupational course time (r = 0.297, 

p=0.017). Aged firefighters (≥37 years) had an 8.8% longer 

completion time compared to younger firefighters. The study 
also reported a trend between obesity and course time, but 
the relationship was not statistically significant. Another 
study found that aging (r = 0.42, p < 0.01) and obesity 

(r=0.57, p < 0.01) were significantly correlated with poorer 

performance in the physical ability test (PAT) in firefighters 
[73]. In addition, a high resting heart rate as correlated with 
poorer occupational performance (r = 0.36, p < 0.01). These 

results were supported by two studies which reported that 
high BF% was associated with poor performance in the 
physical ability tests [63], and that aging and fat mass were 
significant predictors of work inefficiency in firefighters [64]. 
Firoozeh et al. [61] conducted a study on 375 full-time male  
Australian  firefighters  and  reported  that  age (r =−0.277, 

p = 0.001) and obesity (r = −0.187, p = 0.001) were negatively 

correlated with work ability, and that lei- sure-time 
physical activity (LTPA) (r = 0.206, p = 0.001) correlated to 

work ability. Similarly, an earlier study by Airila et al. 
[60] reported that, in 403 male Finnish fire- fighters, age 
(r = −0.33, p < 0.01), obesity (r = −0.15, p < 0.01), and 

cigarette smoking (r = 0.10, p < 0.05) were negatively 

correlated with work ability, and that physical exercise (r = 

−0.15, p < 0.01) correlated with work ability and work 

demands. A model reported that various CVD risk factors, 
such as alcohol consumption, obesity, cigarette smoking, 
and physical activity were significant predictors of 

V̇O2max which aging was negatively correlated with 

(r = −0.368, p < 0.05), and flexibility (r = −0.160, p < 0.05), 

V̇O2max and that BF% was negatively correlated with 

(r = −0.448, p < 0.05), grip strength (r = −0.191, p < 0.05), 

and flexibility (r = −0.135, p < 0.05). 

Baur et al. [48] investigated the relationship between 

physical fitness and autonomic abnormalities (heart rate 

recovery, chronotropic insufficiencies, ST elevation or (R2 = 0.48, p < 0.001) [60]. Nazari et al. [39] work ability 
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reported that aged firefighters (≥45 years) experienced 
significantly more physical work limitations than their 

younger counterparts (β = 0.27, p = 0.004). In the studies by 

Firoozah et al., Airila et al., and Nazari et al., work ability was 
self-reported, and not verified using simulation tasks, which 
could include subjective bias in the reporting. 

In contrast to the previous studies, Phillips et al. [7] 
reported that obese firefighters had significantly faster 
completion times for the hose drag (r = −0.44, p < 0.05), 

weighted-sled pull (r = −0.36, p < 0.05), forcible entry 

(r=-0.27, p < 0.05), and victim rescue (r = −0.21, p < 0.05), 

whereas normal weight firefighters only performed better on 
the ladder climb task (r = −0.24, p < 0.05). However, the 

uniformity of body mass across participants was not con- 
trolled, and the results may not be a true reflection of the 
effect of obesity on occupational performance. 

result with 799 full-time firefighters which noted that fire- 

fighters with lower cardiorespiratory fitness were 1.82 times 

more likely to sustain injury. When injury types were re- 

stricted to sprains and strains exclusively, firefighters with 

lower cardiorespiratory fitness were 2.90 times more likely 

sustain an injury [53]. 

In contrast to the previous studies, a study by Dam- 

rongsak et al. [44] found that high physical fitness did not 

reduce the incidence of back pain in firefighters. Similarly, 

Gordon and Lariviere [42] noted that higher cardiorespi- 

ratory fitness was not significantly associated with better 

musculoskeletal health in firefighters. Butler et al. [66] also 

reported a similar result, where cardiorespiratory fitness was 

not a predictor of injuries in firefighters. Interestingly, a 

study by Jahnke et al. [21] in 462 full-time firefighters re- 

ported that firefighters who exercised regularly while on duty 

were 4.6 times more likely to sustain an exercise-related 

injury. In addition, higher levels of cardiorespiratory fitness 

and muscular strength increased exercise-related musculo- 

skeletal injury risk by 1.06 and 4.03 times, respectively, while 

on-duty. However, regular exercise when on duty did reduce 

the incidence of injuries outside of the workplace. High 

workload when on duty, compounded by exercise or training 

workload and inadequate recovery possibly pro- duced a 

burdensome triad that reduced musculoskeletal health and 

contributed to the increased incidence of duty- related injury 

[78, 82]. 

3.4. Musculoskeletal Health and Physical Fitness. Five studies 

investigated the relationship between musculoskeletal health 

and physical fitness in firefighters. The results are summa- 

rized in Table 4. All aspects of physical fitness play an 

important role in the maintenance of musculoskeletal health, 

through increased skeletal muscle strength, con- nective 

tissue integrity, and increased bone mineral density [45, 79–

81]. High levels of physical fitness may prove beneficial for 

firefighters and can significantly reduce the incidence of 

injuries [79]. 
Butler et al. [66] reported that three flexibility move- 

ments (fundamental movements) were significant predictors 
of injuries in firefighters, namely, the sit-and-reach 

(β = 0.218, p < 0.05), push-up (β = 0.190, p < 0.05), and deep 

squat (β = 0.266, p < 0.05). Firefighters who performed 

poorly on the sit-and-reach, deep squat, and push-up were 
1.21, 1.24, and 1.30 times more likely to sustain injury, 
respectively [66]. Flexibility, particularly related to funda- 
mental movements, may prove to be an important measure 
in preventing injuries in firefighters. 

Wynn and Hawdon [65] conducted a study in 398 full- 

time and 48 part-time recruits with no fitness standard, and 

198 full-time and 206 part time recruits where a minimum 

cardiorespiratory fitness standard of 42 mL·kg·min was 

applied, and reported that poor musculoskeletal health was 

more likely to occur in the service where no physical fitness 

standard was required. In addition, higher cardiorespiratory 

fitness was a significant predictor of lower incidence of 

musculoskeletal health issues [65]. A similar result was 

reported by Poplin et al. [50] where a longitudinal study was 

conducted investigating the effect of cardiorespiratory fit- 

ness on musculoskeletal health in 577 full-time firefighters in 

the Southwestern States, USA. The results indicated that 

firefighters in the lowest fitness categories were 2.2 times 

more likely to sustain injuries, compared to those in the 

highest fitness categories. Furthermore, the study found that 

firefighters with a cardiorespiratory fitness between 43 and 

48 mL·kg−1·minute−1 were 1.38 times more likely to sustain 

injury. Improving cardiorespiratory fitness by one metabolic 

equivalent was shown to reduce the risk of any injury by 

14%. A later study by Poplin et al. [53] reported a similar 

3.5. Musculoskeletal Health and Occupational Performance. 

Five studies investigated the relationship between muscu- 
loskeletal health and occupational performance in fire- 

fighters. The results of the studies are indicated in Table 4. 

Firefighting is a physically demanding occupation that re- 
quires the musculoskeletal system to be in good condition 

for firefighters to perform at peak performance 

[17, 39, 45, 83]. Chronic musculoskeletal pain and chronic 
disorders negatively affect performance and reduce endur- 

ance capacity and force production [79]. Musculoskeletal 
health is essential for satisfactory work performance in any 

emergency occupation, particularly in firefighting [80, 83]. 

Punakallio et al. [67] investigated the effect of muscu- 
loskeletal health on self-reported work ability in 411 male 

firefighters from Helsinki Finland and reported that mus- 

culoskeletal pain (MSP) in more than one site was at in- 
creased risk of diminished work ability. The study also found 

that musculoskeletal health isolated to the low back 
(OR = 1.9), forearm, and hand (OR = 1.9) predicted di- 

minished work ability. In addition, firefighters who were on 

disability pension reported having poor work ability and 
more musculoskeletal health concerns at baseline. Fur- 

thermore, firefighters engaging in average-to-high physical 

workload when on duty was a significant risk factor for 
retiring due to deteriorated musculoskeletal health (OR: 3.1 

to OR: 5.3, respectively). Similarly, Saremi et al. [69] in 250 

Tehran firefighters reported an inverse relationship between 
work-ability index and musculoskeletal discomfort in the 

wrists (p = 0.007, r = –0.170), legs (p = 0.042, r = –0.129), and 

ankles (p = 0.005, r = –0.176). Kodom–Wiredu [68] 
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examined 320 full-time firefighters in the Greater Accra 

region of Ghana found that work-related musculoskeletal 
disorders (WRMSD) were significantly related to work 

demands (r = 0.03) and task characteristics (r = 0.26), and 

that increased work demands (β = 0.226, p < 0.01) and task 

characteristics (β = 0.214, p < 0.01) were significant predic- 

tors of WRMSDs. Similarly, Nazari et al. [39] in 325 full-time 

Canadian firefighters found a significant relationship be- 

tween musculoskeletal health and self-reported physical 
work limitations. The study noted that firefighters with 

spinal pain (p = 0.01) experienced significantly limited 

occupational output. In addition, the number of musculo- 

skeletal pain sites (p = 0.02) were significant predictors of 

limited occupational output and work performance [39]. 

MacDermid et al. [40] in the sample of 293 full-time Ca- 

nadian firefighters reported that firefighters with moderate- 
to-severe muscle and joint complaints took on average 10 

seconds longer to complete functional performance tasks, 
but the results were not statistically significant [40]. How- 

ever, the majority of studies were self-reported measures for 

work ability and, therefore, may be subject to reporting bias. 
More research needs to be conducted in this particular area, 

where firefighters with pain or deteriorating musculoskeletal 

health are assessed while performing simulated tasks, that 

would be faced while on active duty. 

and lower body muscular power, was inversely related to the 

completion times in the work ability test. 
Sheaff et al. [72] in 33 firefighters reported that certain 

physical fitness parameters, such as cardiorespiratory fitness  
(r = 0.602, p < 0.001), upper body strength (r = 0.485,      
p < 0.001), and grip strength (r = 0.504, p = 0.009), were 
significantly related to performance times in the Candidate 
Physical Ability Test (CPAT). Cardiorespiratory fitness was a 
significant predictor of CPAT performance. Similarly, 
Michaelides et al. [73] reported that firefighter ability test 
completion times were significantly related to abdominal 
strength, relative power, upper-body muscular endurance, 
and upper body strength. The study also noted that poor 
performance on the ability test was associated with poor 
body composition. However, the studies by Sheaff et al. and 
Michaelides et al. used small sample sizes with few females, 
which negatively impacted the statistical power and gen- 
eralizability of the results. Nazari et al. [26] noted that right- 
hand grip strength was a significant predictor of hose drag 
times, and that lower body strength was a significant pre- 
dictor of stair climb in firefighters. In addition, cardiore- 
spiratory fitness was significantly correlated with the task 
times for the hose drag (r = −0.30, p = 0.01) and stair climb 
(r=0.31, p = 0.01), and that increased lower body strength 
was significantly correlated with hose drag time (r = −0.20,                
p = 0.01) [26]. The importance of muscular strength in 
occupational performance was emphasized by Kleinberg 
et al. [75] who reported that lower body strength (r = 0.560, 
p < 0.001) was significantly associated with stair climb time 
in firefighters that remained significant after adjustment for 
age and BMI. 

A later study by Heimburg et al. [74] in 63 full-time 
Norwegian firefighters reported that the treadmill and push 
up tests (r = −0.42, p < 0.001), squat and raise (r = −0.54,                 
p < 0.001), and horizontal chest to bar pullups (r = −0.34,        
p = 0.1) were significantly related to faster simulation task 
times. Firefighters had a higher cardiorespiratory fitness and 
were stronger completed the simulation protocol faster     
(p < 0.05). Anomalies in the results existed, where fire- 
fighters with below average strength completed the test the 
quickest, indicating that a minimal strength was needed to 
perform well, and strength beyond that point did not im- 
prove performance times [74]. Comparably, a study on 68 
full-time English firefighters from the United Kingdom 
reported that cardiorespiratory fitness was the strongest 
predictor of firefighter simulation task time [76]. However, 
contrary to the previous studies, muscular strength was not 
found to be a significant predictor of firefighter simulation 
task time [76]. 

3.6. Physical Fitness and Occupational Performance. Ten 

studies investigated the relationship between physical fitness 

and occupational health in firefighters. The results are 

summarized in Table 4. Due to the inherently physical nature 

of firefighting, physical fitness is regarded as a fundamental 

component for optimum occupational performance. Vari- 

ous studies showed that muscular strength, muscular en- 

durance, and cardiorespiratory fitness were significantly 

related to firefighter occupational ability and performance 

[83, 84]. 
von Heimburg et al. [70] in 13 male Norwegian fire- 

fighters reported that cardiorespiratory fitness was a sig- 
nificant predictor of simulation performance times (r = 0.53,   

p = 0.05). Furthermore, stronger, heavier, and taller fire- 

fighters had a significantly lower performance time (p 
= 0.01). The authors noted that the small sample size of the 

study negatively impacted the generalizability of the results. 

Another study with 20 male firefighters reported a 
moderately strong and inverse relationship between car- 

diorespiratory fitness and performance time in firefighter 
simulation protocols [84]. The small sample size and using 

male firefighters only limits the generalizability of the results. 

Skinner et al. [77] examined the predictors of task perfor- 
mance in 42 male aerial firefighters from Queensland 

Australia and found that cardiorespiratory fitness and body 

composition were inversely correlated to firefighting sim- 
ulation protocol performance time. Poor body composition 

was significantly related to slower performance time on the 
simulation. Similarly, Xu et al. [63] reported that poor body 

composition (higher BF%) was associated with poor per- 

formance on the work ability test in 20 full-time Chinese 

firefighters. Superior cardiorespiratory fitness, and upper 

4. Discussion 

In the present review, the most frequent relationships in- 

vestigated were between CVD risk factors and physical 

fitness (fourteen studies) and between physical fitness and 

occupational performance (ten studies). This may be due to 

CVD risk factors and physical fitness being especially im- 

portant for firefighters’ career longevity and work perfor- 

mance [2, 3, 15]. In addition, the relationships between CVD 
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risk factors, musculoskeletal health, and between muscu- 

loskeletal health and physical fitness were understudied, 

especially in relation to occupational performance. How- 

ever, studies investigating musculoskeletal health and oc- 

cupational performance reported that musculoskeletal health 

negatively affected firefighter performance. 

There was a significant inverse relationship between 

increased CVD risk factors and reduced musculoskeletal 

health in firefighters, which was particularly related to in- 

creased age, obesity, cigarette smoking, and physical inac- 

tivity. [22, 24, 43–45] Aging caused a decrease in bone 

mineral density, a decrease in ligament and tendon elasticity, 

and reduced tissue recovery and healing time that predis- 

posed firefighters to injury while on duty [35, 45]. Obesity 

increased the overall force placed on the musculoskeletal 

system, particularly when engaged in activities of vigorous- 

intensity, such as firefighting [12, 85, 86]. As seen in Figure 3, 

obese firefighters fatigue at a faster rate, resulting in acute 

traumatic injuries and chronic overuse injuries [22]. Fatigue 

causes inadequate energy absorption, as well as reduced 

control and regulation of limb movements [87]. The present 

review shows that smoking has a negative effect on tendon 

health, bone mineral density, and hormone regulation, 

particularly oestrogen and cortisol [34], and may partially 

explain the decreased musculoskeletal health and increased 

injury risk in firefighters. Physical activity has a protective 

effect on the musculoskeletal system, particularly vigorous- 

intensity activity [88]. Unfortunately, research shows that 

firefighters tended to be physically inactive, with many not 

reaching the minimum weekly recommended amount of 

physical activity [9, 27, 47, 56, 78]. Aging, obesity, cigarette 

smoking, and physical inactivity negatively affected both 

cardiovascular and musculoskeletal health (Figure 3), and 

should be identified early in firefighters and given particular 

attention in the latter stages of their careers. 
Cardiovascular disease risk factors, such as age, obesity, 

lipid profile, blood glucose, blood pressure, cigarette 

smoking, and physical inactivity were shown to be signifi- 

cantly related to cardiorespiratory fitness and muscular 

endurance in firefighters [9, 27, 29, 47, 48, 51, 54, 56, 58, 59]. 

In addition, back and core endurance were significantly 

related to age and obesity in firefighters [49]. Furthermore, 

CVD risk factors were significantly related to cardiorespi- 

ratory fitness in firefighters [46, 55]. The progressive dete- 

rioration in cardiovascular, pulmonary, and musculoskeletal 

health with increasing age accounted for the decrease in 

cardiorespiratory fitness and muscular endurance in fire- 

fighters [27, 89]. This is further exacerbated by the constant 

chemical and fume inhalation, which negatively effects 

pulmonary functioning in firefighters [90]. In the case of 

obesity, the increased weight and peripheral resistance to 

blood flow increased the stress and workload placed on the 

musculoskeletal and cardiovascular systems, resulting in a 

decrease in endurance capacity [22, 91]. Consequently, with 

aging, this effect is further compounded by the biological 

deterioration in cardiovascular, musculoskeletal, and pul- 

monary health [89]. 
An altered lipid profile negatively affected cardiorespi- 

ratory fitness in firefighters [9, 29, 47]. This relationship can 

be explained in a study conducted by Rumora et al. [92], 

where the results showed that dyslipidaemia caused altered 

mitochondrial functioning that decreased energy produc- 

tion. Reduced mitochondrial function negatively affects 

aerobic performance [93]. High blood glucose concentra- 

tions negatively affects glucose homeostasis and glucose 

metabolism, and together with altered mitochondrial 

function in skeletal muscles, these negatively affect endur- 

ance capacity [94]. Elevated DBP and SBP also negatively 

affect cardiorespiratory capacity, due to altered diastolic 

atrial and ventricular filling, subsequently reducing the 

stroke volume of the heart. In addition, the increase in blood 

pressure increases the cardiac afterload, further reducing 

stroke volume and cardiac output (Figure 3) [95]. Cigarette 

smoking causes pulmonary damage and reduces the oxygen- 

carrying capacity in the blood that may explain the inverse 

relationship seen between the two factors [34]. Physical 

inactivity augments the progressive decline in the cardio- 

vascular, pulmonary, and musculoskeletal systems and, 

thereby, partially explains the linear relationship with car- 

diorespiratory fitness [48, 96]. 
Aging, obesity, cigarette smoking, and physical inactivity 

were the CVD risk factors related to poor physical fitness, 

occupational performance, and work ability in firefighters 

[26, 52, 60–62, 69, 73]. In addition, increased leisure time 

physical activity was positively related to work ability in 

firefighters [61]. Firefighting often requires firefighters to 

perform complex, vigorous-intensity activities that strain all 

systems of the body. Aging generally reduces muscular force 

production, cardiorespiratory efficiency, tissue elasticity, 

healing, and repair, more especially when combined with an 

unhealthy lifestyle [89]. This directly affects the performance 

of occupational tasks and partially explains the reduction in 

work performance with progressively advancing age [27, 62]. 

The pervasive physical inactivity and unhealthy lifestyle that 

often accompanies firefighters as they age further exacer- 

bates the deleterious effects of aging [9, 56, 78]. In addition, 

obesity places significant strain on all bodily systems, 

causing premature fatigue and, consequently, reduced oc- 

cupational performance [73]. As a result of cigarette 

smoking, the reduction in pulmonary capacity and oxygen- 

carrying capacity also adversely affects occupational per- 

formance [27, 96]. 
One study reported that increased body mass of fire- 

fighters related to better performance on certain firefighter 

specific tasks, especially tasks requiring significant muscular 

[7]. The relationship between increased body weight and a 

reduction in task completion times may be related to the 

increase in muscle mass that accounted for the increase in 

body mass rather than an increase in fat [7]. Muscle strength 

can be a significant factor in the optimal performance of 

firefighters. Heavier firefighters may perform better on 

strength-based occupational tasks but perform worse on 

cardiorespiratory fitness tests [7, 26, 29, 47, 97]. Conse- 

quently, for optimal work performance, firefighters require 

delicate balance between cardiovascular fitness and mus- 

cular strength for occupational task performance. 

Current literature indicated that increased cardiorespi- 

ratory  fitness  was  significantly  related  to  fewer 
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Figure 3: Flow diagram illustrating the relationship between CVD risk factors, musculoskeletal health, physical fitness, and occupational 

performance in firefighters. (a) Indicates an unfit firefighter performing the stair climb test with much difficulty, and representing decreased 

occupational performance; (b) indicates a fit firefighter performing the stair climbtest with ease, representing optimal occupational 

performance. Black lines indicate cardiovascular disease risk factors; red lines indicates cardiovascular health and all related outcomes; blue 

lines indicate musculoskelatal health and all related outcomes; green lines indicate physical fitness and all related outcomes; purple lines 

indicate occupational performance and all related outcomes. 

musculoskeletal injuries in firefighters, and that three fun- 

damental movements related to flexibility could predict 

injuries, i.e., the sit-and-reach, push-up, and deep squat [50, 

53, 65]. Any form of physical activity has a protective effect 

on musculoskeletal health, whether aerobic or an- aerobic in 

nature and, furthermore, performing regular aerobic exercise 

translates into improved cardiorespiratory fitness [9, 21]. 

Flexibility, particularly in the lower back, hamstrings, and 

hips, is related to reduced injury incidence [66]. Functional 

flexibility is a critical fitness parameter in firefighters, as 

their work requires awkward movement patterns, such as 

bending, lifting, and crawling [66, 98]. 

In contrast, one study reported that firefighters who 

exercised were not at lower risk of sustaining musculo- 

skeletal injury [44]. Another study found that firefighters 

who exercised, while on duty, were at higher risk for sus- 

taining work-related injury [21]. A possible reason for the 

increase in injury incidence in firefighters who exercised 

while on-duty may be due to the chronic overload placed on 

the muscular system, which led to acute overload injuries 

[19, 99]. Firefighters who participate in regular physical 

activity should monitor their overall workload and balance 

the workload with adequate recovery time in order to reduce 

the incidence of injury. Finding this “sweet spot” may prove 

essential to maintaining optimal musculoskeletal health and 

preventing injury. 

Poor musculoskeletal health negatively affected occu- 

pational performance and work ability in firefighters, and 

was particularly related to low back, forearm, wrist, hand, 

and leg discomfort [67–69]. Increased work demands and the 

various types of task performed were significantly related to 

musculoskeletal disorders [68]. Spinal pain and multiple 

injuries were significantly related to limitations in occupa- 

tional output and work performance [39]. Firefighters with 

moderate-to-severe muscle and joint problems took 10 

seconds longer to complete occupational performance tasks 

[40]. Injuries and chronic pain reduced muscular force 

production, and altered movement patterns to compensate 

for the workload on the injured or painful area [39]. The 

reduced force production and protective movement patterns 

acted as a subconscious protective mechanism that may 

negatively affect on-duty performance [39, 80, 100]. These 

altered movement patterns may become particularly ap- 

parent in emergency situations, which require maximum 

force production, muscular endurance, and coordination, 

such as door breaches, equipment carries, and hose drags. 
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However, more research is needed on the extent to which the 

location and severity of injuries negatively affected occu- 

pational performance, especially in firefighter specific tasks. 

Cardiorespiratory fitness was significantly related to all 

components of occupational task performance in firefighters 

[26, 63, 72, 73, 77, 84, 101]. In addition, upper body muscular 

strength and endurance were significant predictors of oc- 

cupational performance [26, 72, 73]. Quadriceps strength 

was a significant predictor of stair climb performance in 

firefighters [75]. Firefighters routinely have to perform ac- 

tivities that are exhaustive on the upper body, such as door 

breaches, hose carries, hose drags, victim drags, and victim 

carries [74, 76, 102]. In addition, firefighting simulation 

tasks require predominantly upper body strength and en- 

durance [63, 70, 74, 76, 77]. Therefore, firefighters with 

greater upper body strength and endurance generally per- 

form better on these tasks increased fat mass and lower lean 

mass were significantly related to poor occupational per- 

formance [63, 77]. Poor performance in firefighters with 

unhealthy body composition may be related to the increased 

muscular workload, as a result of the increased adiposity and 
lower proportion of lean body mass [6, 7, 26, 63, 76, 77]. 

In firefighting, all health-related physical fitness pa- 

rameters positively affected occupational performance [70, 

74]. However, beyond the threshold of desirable physical 

fitness, this point further improves in fitness that had little 

benefit on occupational performance [74]. This indicated 

that firefighters may be competent in performing the 

occupational tasks, due to having sufficient physical fitness, 

despite having underlying cardiovascular and 

musculoskeletal health challenges. Consequently, firefighters 

may be on active duty, while having underlying health 

concerns, which may account for the high cardiovascular- 

related morbidity and mortality [2, 11, 15, 103], and the high 

rate of musculoskeletal related complaints that resulted in 

early retirement in this population [19, 20, 69, 81]. All as- 

pects of the firefighters’ health should be thoroughly 

monitored throughout the firefighters’ career to ensure career 

longevity and decrease the incidence of duty related- deaths 

and early retirement. As previously discussed, larger and 

heavier firefighters, who are often obese, tended to perform 

better on strength-based tasks, such as the door breach, 

equipment carry, and victim drags, but performed worse on 

the cardiorespiratory fitness tests, such as the stair climb and 

ladder raise tests, due to their excess body weight that acted 

as a hindrance in these tasks [6, 26, 74, 76]. While overweight 

and obese firefighters may pass the simulation protocols, 

they remain at increased risk for early retirement, morbidity, 

and mortality. 
As seen in Figure 3, CVD risk factors, musculoskeletal 

health, and physical fitness play a significant role in fire- 

fighter occupational performance. Increased CVD risk in- 

creases the cardiovascular strain associated with firefighting 

and, in the same vein, reduced musculoskeletal health, in- 

creased musculoskeletal pain and the risk of musculoskeletal 

disorders, thereby, reducing muscular force and occupa- 

tional. Poor physical fitness increases the cardiovascular 

strain and reduces musculoskeletal health that causes an 

overall  decrease  in  cardiorespiratory  capacity  and 

musculoskeletal strength, endurance, and flexibility, which is 

further compounded by poor body composition. Together, 

these factors cause increased fatigue and reduced the oc- 

cupational performance for any given task and, as a con- 

sequence, leads to slower task completion times and poor 

overall occupational performance in firefighters. 

The literature indicates that most CVD risk factors have 

a   negative   effect   on   physical   fitness [9, 

27, 29, 47, 48, 51, 54, 56, 58, 59], and that physical fitness and 

musculoskeletal health are significantly related [50, 53, 

65]. Because physical fitness is related to occupa- tional 

performance, the assumption can be made that in- creased 

CVD risk factors and reduced musculoskeletal health would 

result in reduced occupational performance in firefighters. 

However, this needs to be investigated further. 

4.1. Strengths of the Study. The majority of studies were 

conducted in the USA, with relatively small sample sizes, and 

involved males primarily, thus limiting the generalizability 

of the results to the broader firefighting population. The 

narrative review involved an iterative process of checking 

and cross-checking in order to ensure a narrative review of 

the highest quality and rigour. The quality assessment 

process started with the identification of the search terms and 

constructing the search string that was database specific, and 

ended with the data extraction and interpretation of the 

findings. 

4.2. Limitations of the Study. The limited number of elec- 

tronic databases searched and that only articles in English 

and in full-text were considered for selection are limitations 

to the current literature review. There were no qualitative 

studies included in the current study and, therefore, only 

quantitative studies were used. No critical appraisal or risk of 

bias tools were used to grade the included studies, however, 

the authors attempted to maintain methodological trans- 

parency and rigor throughout the review process. 

5. Conclusion 

Cardiovascular disease risk factors and physical fitness were 

the most frequently studied areas in firefighters and were 

significantly related. Cardiovascular disease risk factors were 

significantly related to cardiorespiratory fitness in 

firefighters, particularly age, obesity hypertension, dyslipi- 

daemia, cigarette smoking, and physical inactivity. In ad- 

dition, physical fitness, especially cardiorespiratory fitness, 

was found to be significantly related to overall occupational 

performance. Certain CVD risk factors were significantly 

related to musculoskeletal health, and in particular, obesity 

and cigarette smoking. Cardiovascular risk factors, such as 

obesity and age were significantly related to worse occu- 

pational performance. Musculoskeletal health, in relation to 

occupational performance, is understudied; however, the 

results indicated that poor musculoskeletal health was re- 

lated to work and performance limitations. Overall, the 

research indicated that aged, obese, and unfit firefighters who 

smoked cigarettes and were physically inactive were at 
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the highest risk for CVD and musculoskeletal health 

complications, and produced unsatisfactory occupational 

performance. Moreover, most CVD risk factors were related 

to low levels of physical fitness. Due to limited research, 

significant gaps still remain in the literature and, in par- 

ticular, regarding the relationship between musculoskeletal 

health and occupational performance. In addition, fire- 

fighters are understudied in developing countries, and, in 

particular, African countries. 
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5.1. Recommendations. More research should be conducted 

investigating the relationship between CVD risk factors and 

occupational performance, between musculoskeletal health 

and physical fitness, and between musculoskeletal health and 

occupational performance. In addition, females were un- 

derrepresented in many of the studies and, therefore, more 

research involving female firefighters should be conducted. 

The majority of studies on firefighters were conducted in 

developed countries and the results cannot be generalized to 

firefighters in developing countries. Consequently, more 

research is needed in developing countries to provide a more 

holistic view of firefighters globally. This will inform policy 

makers, as well as fire departments on the most significant 

factors influencing occupational performance in both de- 

veloped and developing countries. There is a need by the fire 

services to implement corrective intervention strategies 

early, such as educational and lifestyle modification pro- 

grammes, including physical training regimes designed to 

address the high prevalence of CVD, musculoskeletal dis- 

orders, and complaints, and the low levels of physical fitness 

amongst the majority of firefighter and, thereby, attempt to 

reduce the elevated morbidity and mortalities rates in the fire 

services, globally. 
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Effects of cardiovascular health, 
musculoskeletal health and physical 
fitness on occupational performance of 
firefighters: protocol for a systematic 
review and meta-analysis 

Jaron Ras ,1 Andre Pascal Kengne,2,3 Denise Smith,4 

Elpidoforos Soterakis Soteriades,5,6 Lloyd Leach7 

ABSTRACT 
Introduction Firefighting is a hazardous occupation, 

where firefighters are involved in life-threatening 

situations, being placed under tremendous physical strain, 

while wearing heavy and insulated equipment to protect 

them from chemicals, fumes and high temperatures. This 

necessitates that firefighter stay in good physical condition 

and maintain adequate cardiovascular fitness to cope with 

these stressors and perform their duties with minimal 

health risks. The aim of this systematic review and meta- 

analysis is to determine the effect of cardiovascular 

health, musculoskeletal health and physical fitness on the 

occupational performance of firefighters. 

Methods and analysis All study types and designs 

will be included and appraised. The following electronic 

databases will be searched: PubMed/Medline, Scopus, 

Web of Science, Embase, EBSCOHost and CINAHL, with no 

restrictions on publication date. The literature search will 

be conducted comprehensively to enable the capturing 

of as many relevant articles as possible but will be 

limited to English-language papers only. A combination 

of the appropriate terms (search string) will be used 

to ensure the inclusion of the relevant components of 

the participants, exposure, comparison and outcome. A 

researcher-generated form with the key characteristics 

of each study will be used to retrieve all relevant details 

from the selected studies for initial eligibility screening. 

The Rayyan Intelligent Systematic Review tool will be 

used to screen and select studies for inclusion, and 

information from the included studies will be captured on 

the researcher-generated data extraction form. The The 

appraisal tool for cross-sectional studies (AXIS) checklist 

and the Critical Appraisal Skills Programme toolkit will be 

used to conduct the methodological assessment of each 

study. Data will be analysed using Review Manager V.5.3. 

Generated results will be presented using a combination 

of figures, graphs and tables. The synthesis of quantitative 

data (using a meta-analysis methodology) will involve the 

integration of quantitative findings from multiple studies to 

achieve coherence. 

Ethics and dissemination This study obtained ethical 

clearance from the University of the Western Cape 

Biomedical Research Ethics Committee (BM21/10/9). We 

To cite: Ras J, Kengne AP, 

Smith D, et al. Effects 

of cardiovascular health, 

musculoskeletal health and 

physical fitness on occupational 

performance of firefighters: 

protocol for a systematic review 

and meta-analysis. BMJ Open 

2022;12:e061435. doi:10.1136/ 

bmjopen-2022-061435 

► Prepublication history and 

additional supplemental material 

for this paper are available 

online. To view these files, 

please visit the journal online 

(http://dx.doi.org/10.1136/ 

bmjopen-2022-061435). 

Received 26 January 2022 

Accepted 13 July 2022 will disseminate the findings of in peer-reviewed journals 

and at national and international conferences. The protocol 

will form part of a chapter for a doctoral thesis. 

PROSPERO registration number CRD42021258898. 

INTRODUCTION 

Firefighting is a hazardous occupation, where 

firefighters are involved in life-threatening 

situations and routinely exposed to high 

temperatures, physical and psychological 

strain, hazardous chemicals, fumes and other 

health hazards.1 2 These severe conditions 

necessitate that firefighters wear protective 

equipment, including breathing apparatus 

that is heavy and insulated, putting tremen- 

dous strain on their cardiovascular system.3 

Apart from extinguishing fires, firefighters 

also have additional strenuous work duties, 

such as rescuing people in dangerous situa- 

tions and providing first aid and emergency 

medical services while working irregular 

hours.1 4 These types of strenuous working 

conditions place significant strain on fire- 

fighters’ musculoskeletal and cardiovascular 

© Author(s) (or their 

employer(s)) 2022. Re-use 

permitted under CC BY-NC. No 

commercial re-use. See rights 

and permissions. Published by 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

 A strength of this review is the use of reference 

methodologies to guide the study design, from study 

selection to synthesis. 

 A further strength of this review is the planned inclu- 

sion of studies that were conducted in various global 

regions and fire departments. 

 Additionally, all types of study designs and method- 

ologies will be included in this review. 

 A limitation of this study is that considerable het- 

erogeneity may be introduced through firefighters’ 

age and gender. 

 A further limitation of this review is that only English- 

language articles will be included, which may lead 

to the exclusion of some relevant studies. 
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systems, predisposing them to higher risk of severe inju- 

ries and sudden cardiac events while on duty.1 4–10 

Many firefighters have multiple cardiovascular disease 

(CVD) risk factors, primarily obesity, hypertension 

and dyslipidaemia, inadequate health-related physical 

fitness and numerous musculoskeletal health concerns 

affecting optimal functioning, such as previous injuries, 

moderate-to-severe musculoskeletal pain or discomfort, 

which significantly and negatively affects occupational 

performance.11–19 Throughout firefighters’ careers, they 

develop multiple CVD risk factors, negatively affecting 

their cardiovascular health, most notably physical inac- 

and may be at increased risk of cardiovascular and muscu- 

loskeletal injuries. The simulated tasks in firefighting, 

such as the stair climb, hose drag and victim drag place 

significant strain on the cardiovascular and musculo- 

skeletal systems that incorporate all aspects of physical 

fitness.3 13 45–48 However, a review of the effects of cardio- 

vascular health, musculoskeletal health and physical 

fitness on occupational performance has not been previ- 

ously investigated. In the current review, as in previous 

literature, occupational performance will be quantified as 

firefighters passing or failing each individual occupational 

performance tasks and/or the overall ability test. In addi- 

tion, the overall time taken, in seconds, to perform each 

simulated occupational task and the completion time of 

the overall occupational ability test will be assessed. These 

will include tasks such as the stair climb, hose drag and 

pull, equipment carry, forcible entry, equipment hoist, 

ladder raise and extension, and victim drag.14 45 49–51 

Purpose and justification for this review 

This study originated from the challenges firefighters face 

globally and, in particular, in South Africa. A concerning 

number of firefighters are at increased cardiovascular 

disease risk, with worsening musculoskeletal health and 

physical fitness negatively impacting their occupational 

performance.16 52–55 These factors reduce the ability of 

firefighters to cope with the physical strain of firefighting, 

which many firefighters have described as being compa- 

rable with the physical demands of elite sportspersons.56 

There have been no previous systematic reviews inves- 

tigating the effects of cardiovascular health, musculo- 

skeletal health and physical fitness on the occupational 

performance of firefighters, which motivated the need for 

the present study. The intention of this review includes, 

among others, informing policy makers in South Africa 

of the need for corrective action and developing strate- 

gies to improve and maintain the cardiovascular health, 

musculoskeletal health and physical fitness of firefighters. 

Aims, objectives and research questions 

Review aim 

The aim of this systematic is to determine the effects 

of cardiovascular health, musculoskeletal health and 

physical fitness on the occupational performance of 

firefighters. 

Research question 

What effects do cardiovascular health, musculoskeletal 

health and physical fitness have on the occupational 

performance of firefighters? 

Review objectives 

The objectives of the study are: 

1. To investigate the effects of cardiovascular health on 

the occupational performance of firefighters. 

2. To investigate the effects of musculoskeletal health on 

the occupational performance of firefighters. 

3. To investigate the effects of physical fitness on the oc- 

cupational performance of firefighters. 

tivity, obesity, hypertension and dyslipidaemia,11 20–25 

which deteriorate as they age.2 23–25 The literature in the 

USA indicated that among emergency services profes- 

sionals, firefighters have the highest percentage of 

mortality (45%) due to sudden cardiac death, with the 

majority related to underlying CVD risk factors.1 4 5 These 

sudden cardiac events are also due to inadequate health- 

related physical fitness that results in overexertion and 

increased cardiovascular strain.26 27 Health-related phys- 

ical fitness includes body composition, cardiorespira- 

tory fitness, muscular strength, muscular endurance and 

flexibility.28 Body composition, cardiorespiratory fitness, 

muscular strength and endurance have been reported to 

decrease throughout their careers and as they age, partic- 

ularly those that are physically inactive.29–34 Maintenance of 

good overall levels of health-related physical fitness is 

crucial for career longevity and overall well-being in fire- 

fighters.2 35 36 

In addition, firefighters have been reported to have the 

highest incidence of musculoskeletal injuries among all 

emergency services personnel.1 Firefighters performing 

fire suppression routinely exceed their maximum heart 

rates for prolonged periods of time, placing tremendous 

stress on their cardiovascular system. Coupled with the 

additional stressors, such as worsening cardiovascular 

health metrics, most frequently: physical inactivity, hyper- 

tension, dyslipidaemia and obesity, and poor health- 

related physical fitness, specifically cardiorespiratory 

fitness and muscular endurance, may lead to significant 

morbidity and mortality.5 37–39 Lower physical fitness 

levels cause increased risk for musculoskeletal injuries 

in firefighters.35 40–42 In addition, worsening cardiovas- 

cular health, increased cardiovascular risk profiles, dete- 

riorating musculoskeletal health, especially moderate to 

severe pain and discomfort in the lower limbs, and poor 

health-related physical fitness, particularly 

ratory fitness, significantly and negatively 

fighters’ occupational performance.11–19 

cardiorespi- 

affects fire- 

Occupational performance in firefighters 

Occupational performance is an important public and 

personal consideration, as substandard occupational 

fitness significantly increases the likelihood of cardio- 

vascular and musculoskeletal adverse events while on 
duty.3 43 44 Reduced occupational task performance is 

indicative of firefighters who are not fit for active duty 

2 Ras J, et al. BMJ Open 2022;12:e061435. doi:10.1136/bmjopen-2022-061435 
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Search strategy 

A detailed literature search will be conducted to identify 

studies investigating the effects of cardiovascular health, 

musculoskeletal health and physical fitness on the occu- 

pational performance of firefighters. Relevant studies, 

irrespective of publication date, will be searched, with 

guidance from a specialist librarian. 

The team will be made up of three main contributors: 

4. To investigate the relationship between cardiovascular 

health, musculoskeletal health and physical fitness on 

the occupational performance of firefighters. 

METHODS AND ANALYSIS 

The guidelines for Meta-analysis of Observational Studies in 

Epidemiology studies and Quality of Reporting of 

Meta-analysis will guide the methods when conducting 

the review.57 58 When considering studies for this review, 

the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines for systematic 

reviews will be followed, and the outcomes for each step 

will be described in a flow diagram.59 

Study characteristics 

We have chosen to address firefighters’ occupational 

performance, which we describe as performance on simu- 

lated tasks or firefighter simulation protocols. This review 

will have a particular focus on the relationship between 

cardiovascular health, musculoskeletal health and health- 

related physical fitness on the occupational performance 

of firefighters. The study design of choice is a quantitative 

systematic review, assessing the relationship between the 

aforementioned variables on occupational performance 

in adult, full-time firefighters. All study types and designs 

will be included and appraised accordingly. 

Participants 

Full-time firefighters that are 18 years or older. 

Exposures 

Cardiovascular health, musculoskeletal health and 

health-related physical fitness in relation to the occupa- 

tional performance of firefighters. 

Outcomes 

1. Cardiovascular health measures related to the occupa- 

tional performance of firefighters. 

2. Musculoskeletal health measures related to the occu- 

pational performance of firefighters. 

3. Health-related physical fitness measures related to the 

occupational performance of firefighters. 

Inclusion criteria 

1. Studies that recruit full-time adult firefighters, with no 

limitations to publication year. 

2. Cross-sectional, observational and experimental (in- 

tervention) study designs. 

3. Studies investigating the effects of cardiovascular 

health, musculoskeletal health and/or health-related 

physical fitness on the occupational performance of 

firefighters. 

4. Studies available in full-text. 

Exclusion criteria 

1. Studies focusing on other outcome measures as the 

main exposures or outcomes. 

2. Systematic reviews or other types of reviews. 

3. Articles that are non-English. 

1. Reviewer I (JR) will be the primary investigator, who 

will take responsibility for all aspects of the review and 

independently extract the data, verify the data collect- 

ed, analyse the results, grade the quality of the data 

and write up the first review draft. 

Reviewer II (RN) will be responsible for independently 

extracting the data, verifying the data collected, analys- 

ing the results and grading the quality of the data. 

Reviewer III (LL) will be the adjudicator and resolve 

any disagreements between the two independent 

reviewers. 

2. 

3. 

Electronic literature search 

The literature search for this systematic review will be 

conducted comprehensively to enable the capturing of as 

many relevant articles as possible but limited to English 

papers only. The following journal databases will be 

searched: PubMed/Medline, Scopus, Web of Science, 

Embase, EBSCOHost and CINAHL, with no limitation to 

publication year. Keywords and medical subject heading 

terms will be used in various arrangements depending 

on the specific database. A combination of the appro- 

priate terms (search string) will be used to ensure the 

inclusion of the relevant components of the participants, 

exposure, comparison and outcome. The details of the 

search strategy in PubMed are given further. The search 

strategies for the other databases are presented in online 

supplemental appendix 1. 

Search terms in PubMed 

1. “firefighter” [MeSH] OR “fire and rescue personnel” 

[MeSH] OR “fire fighters” [MeSH] OR “fire fighter” 

[MeSH] OR “firefight” [MeSH] 

“cardiovascular system”[MeSH] OR (“cardiovascular” 

[All Fields] AND “system” [All Fields]) OR “cardio- 

vascular system” [All Fields] OR “cardiovascular” [All 

Fields] OR “cardiovasculars” [All Fields] OR “cardio- 

vascular abnormalities” [MeSH] OR “HRV” [All Fields] 

OR “heart rate variability” [All Fields] OR “Heart Rate 

Interval” [All Fields] OR “RR variability” [All Fields] 

OR “cycle length variability” [All Fields] OR “heart pe- 

riod variability” [All Fields] OR “autonomic function” 

[All Fields] OR “vagal control” [All Fields] OR “lip- 

id profile” [All Fields] OR “cholesterol” [MeSH] OR 

“dyslipidaemia” OR “hypercholesteremia” OR “diabe- 

tes” AND “mellitus” OR “blood glucose” OR “age” OR 

“obesity” OR “hypertension” OR “blood pressure” OR 

“metabolic syndrome” OR “hyperglycaemia” 

“muscular injury” [MeSH] OR (“musculoskeletal” 

[All Fields] AND “system” [All Fields]) OR “muscular 

2. 

3. 

3 Ras J, et al. BMJ Open 2022;12:e061435. doi:10.1136/bmjopen-2022-061435 
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Data extraction and management 

A researcher-generated data extraction form (online 

supplemental appendix 2), for extracting the key charac- 

teristics of each study, will be used by the two reviewers. 

Thereafter, information of included studies will be 

captured on the researcher-generated data extraction 

form (online supplemental appendix 3). The informa- 

tion extracted will be, first, the general study details, such 

as authors, date of study publication, study title, study 

design and country of study, the exposure assessed and 

the outcome measures. Second, the study characteristics 

will be collected, such as sampling method and sample 

size, and details of the participants (number of partici- 

pants, age, gender, years of experience, marital status and 

core job description). Lastly, the details of exposure and 

the outcome variables will be extracted, that is, the study 

must report on at least one of the exposure variables in 

relation to firefighter occupational performance. 

pain” OR “chronic pain” [All Fields] OR “acute pain” 

[All Fields] “acute injury” [All Fields] OR “muscular 

health” [MeSH] 

4. “physical fitness”[MeSH] OR “exercise” [All Fields] 

OR “physical exertion” [All Fields] OR “muscular 

strength” OR “muscular endurance” OR “aerobic fit- 

ness” OR “cardiorespiratory fitness” OR “cardiorespi- 

ratory capacity” OR “V̇O2max OR “aerobic fitness” OR 

“power” 

5. “work performance” [All Fields] OR “endurance” 

[All Fields] OR “fitness” [All Fields] OR “work per- 

formance” [MeSH Terms] AND “work classification” 

[All Fields] OR “occupational health” [MeSH] OR 

“employee health” [MeSH] OR “health, industrial” 

[MeSH] OR “industrial health” [MeSH] OR “occu- 

pational safety” [MeSH] OR “safety, occupational” 

[MeSH] OR “simulated work tasks” OR simulated 

“firefighting” OR “CPAT” OR “physical ability test” 

#1 AND #2 OR #1 AND #3 OR #1 AND #4 OR #1 AND 

#5 OR #1 AND #2 AND #3 OR #1 AND #2 AND #4 OR 

#1 AND #3 AND #4 OR #1 AND #2 AND #3 AND #4 

OR #2 AND #5 OR # 3 AND #5 OR #4 AND #5 

6. 
Critical appraisal of included studies 

The appraisal tool for cross-sectional studies (AXIS) 

checklist62 and the Critical Appraisal Skills Programme 

(CASP) toolkit (Middle Way, Oxford, UK) (https://casp- 

uk.net/casp-tools-checklists/) will be used to conduct 

the methodological assessment of each study included. 

The CASP toolkit (Middle Way, Oxford, UK) has been 

previously used in systematic reviews on firefighters and 

tactical personnel to assess study methodologies and 

allows for fair and equitable assessment of a variety of 

study types. The AXIS toolkit was shown to be a reliable 

and valid tool for assessing the quality of cross-sectional 

studies.62 63 Both questionnaires assess for overall method- 

ological quality and validity of the studies.62–64 For ques- 

tions that are answered dichotomously, an article will be 

awarded a point of ‘1’ for each question that is answered 

‘yes’, and scored a ‘0’ if ‘no’ or ‘can’t tell’. Where the 

CASP checklist requires written grading, the question 

will be adapted to a dichotomous rating and, if a rating is 

not possible, then the question will be excluded from the 

checklist. The Rayan systematic review manager will be 

used to record the decisions of the two reviewers. Again, 

a third reviewer will be used to resolve any disagreements 

between reviewers. 

Grey literature 

The search strategy will be completed by searching the 

following databases for grey literature: Google, Google 

Scholar and Networked Digital Library of Theses and 

Dissertation. JR and RN will search the reference lists of 

identified articles to identify potential titles of articles 

possibly meeting the inclusion criteria. 

Study selection 

All studies, as full-text articles, that meet the inclusion 

criteria will be selected for screening. Every attempt 

will be made to contact the authors for full-text arti- 

cles or missing data. Thereafter, the full-text articles 

will be assessed independently by two reviewers using 

the Rayyan Intelligent Systematic Review tool.60 When 

screening the studies, three categories will be used, 

namely, included, excluded and unsure. Any uncertain- 

ties regarding study inclusion will be discussed between the 

two reviewers. In the event of disagreement, a discus- sion 

will be held with the third reviewer and resolved by the 

latter. Publication bias 

To assess publication bias, the Begg’s funnel chart will 

be used to perform a visual inspection and evaluation of 

publication bias on the selected data. 

The first 

performing 

step in conducting this review includes 

the literature search, which involves: (1) 

searching all preselected databases to identify and screen 

the titles and abstracts of potential studies for eligibility; 

(2) compiling the search outputs into a reference soft- 

ware, namely, Mendeley Desktop V.1.19.8; (3) removing 

any duplicates; (4) screening of full-text articles against 

the inclusion criteria and determining the final studies 

for inclusion in the review; (5) extracting the data from 

the included studies using a predesigned data extraction 

form; and (6) performing a meta-analysis using Review 

Manager V.5.361 for the analyses, interpretation and 

reporting the results of the review. 

Data synthesis and analysis 

The aim of the data analysis and synthesis is to describe, 

analyse and draw conclusions about the research evidence 

and to assess the effects of cardiovascular health, muscu- 

loskeletal health and physical fitness on the occupational 

performance of firefighters. The synthesis of quantita- 

tive data (using a meta-analysis) involves the integration 

of quantitative findings from multiple studies to achieve 

coherence.65 Achieving coherence allows a more 66 

4 Ras J, et al. BMJ Open 2022;12:e061435. doi:10.1136/bmjopen-2022-061435 
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be used.58 However, if studies have several intervention 

effects, then a random-effects model will be preferred. 

Subgroup analysis and investigation of heterogeneity 

The authors anticipate the following characteristics to 

introduce clinical heterogeneity, that is, firefighters’ 

age, gender, marital status, years of experience and 

core job description, and plan to implement subgroup 

analysis, where possible. Although all exposures will be 

measured during firefighters’ work or simulated perfor- 

mance, the methods used could be different, which will 

require comparing and converting certain measurements 

to produce similar findings for comparison. The authors 

will use Review Manager for the subgroup analysis if there 

are adequate numbers of included studies.65 68 69 

Presenting and reporting of results 

Generated results will be presented using a combination 

of figures, graphs and tables. This will include the methods 

and steps of how studies were sourced and selected using 

the PRISMA guidelines. Excluded studies and the reasons 

for exclusion will be tabulated and further explained in 

the methodology section of the systematic review. In addi- 

tion, summary tables will be created, if the use of forest 

plots is not possible or appropriate. 

Patient and public involvement 

It was not appropriate or possible to involve patients or 

the public in the design, or conduct, or reporting, or 

dissemination plans of our research. 

profound understanding of the exposure being investi- 

gated and the outcome thereof, in this case, firefighter 

occupational performance.65 In addition, a systematic 

review and meta-analysis allows for determining the 

generalisability and applicability of the results of the 

review to a certain context or population.65 66 An inherent 

limitation of using observational studies, which will make up 

the majority of the studies in the present review, is that 

there is usually high heterogeneity between studies and 

will require more careful consideration when synthesising 

data, as compared with randomised controlled trials.57 66 

Once the systematic search of literature is complete 

and all relevant documents are identified, the process of 

analysing and synthesising the data will begin. For this 

review, a systematic synthesis of the results obtained from 

the literature will be used. The use of a systematic review 

synthesis allows the researcher to identify, evaluate and 

summarise similar study findings of all relevant individual 

studies.65–67 For dichotomous data, the risk ratio and OR 

will be generated, whereas for continuous data, the stan- 

dardised mean difference of estimation will be used to esti- 

mate the relationship between the cardiovascular health, 

musculoskeletal health and physical fitness measures on 

the occupational performance of firefighters.68 

Measures of exposure effect 

Data will be imported into Review Manager V.5.3 and 

then analysed.61 The outcome measure (occupational 

performance) will be considered as categorical or contin- 

uous variables, where applicable. The meta-analyses will 

be performed on each of the subgroups and is explained 

in the subsequent section on subgroup analysis. The 

random-effects model will be used, where significant 

heterogeneity is found. The effectiveness of the interven- 

tions will be calculated as standard mean difference and 

95% CI. 

ETHICS AND DISSEMINATION 

This study has been granted ethical clearance by the 

University of the Western Cape (BM21/10/9) and has 

been registered onto PROSPERO (CRD42021258898). 

There will be no direct engagement with human subjects. 

Accessible and published data will be used in the study; 

thus, no confidentiality or ethical procedures need to be 

considered for this review.70 

The results of this review will be obtainable via the 

University of the Western Cape’s repository (https:// 

kikapu.uwc.ac.za/). We will disseminate the findings 

of in peer-reviewed journals and at national and inter- 

national conferences. The protocol will form part of a 

chapter for a doctoral thesis. The information gathered 

will also be presented in webinars and to local firefighting 

organisations. 

Study status 

The study is expected to commence in July 2022 and be 

completed by December 2022. 

Assessment of heterogeneity 

Heterogeneity will be evaluated using the 2 test and I2 

test.58 Heterogeneity will be identified through visual 

inspection of the forest plots to judge the extent of CI 

overlap, including the I2 statistic, which calculates hetero- 

geneity across studies. This will measure the impact of 

heterogeneity of the meta-analysis.61 The following will 

be used to explain I2 statistics: 

1. 0%–30%: may not be important. 

2. 31%–60%: may indicate moderate heterogeneity. 

3. 61%–80%: may indicate substantial heterogeneity. 

4. 81%–100%: considerable heterogeneity. 

In the case of identified heterogeneity, possible reasons 

will be determined by assessing individual studies and 

subgroup characteristics. A meta-analysis will be favoured 

by a low degree of heterogeneity.58 However, if there is 

significant heterogeneity of the included studies, then a 

descriptive interpretation of the results will be presented. 

If homogeneity is found in the studies, then a pooled 

effect will be determined and a fixed-effects model will 

DISCUSSION 

To the best of the authors’ knowledge, no conclusive 

evidence exists on the relationship between cardiovas- 

cular health, musculoskeletal health and physical fitness on 

the occupational performance of firefighters. As a 
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consequence, all reviews performed on this subject are at 

risk of different types of heterogeneity due to various 

research designs, study settings, as well as of unavoidable 

bias due to the complicated nature of sampling fire- 

fighters, such as the variability in the age, sex and job 

description of firefighters. The inclusion of only English- 

language articles may result in the exclusion of relevant 

studies. 

The results of this systematic review can help clarify 

the relationship between cardiovascular health metrics, 

musculoskeletal health and physical fitness on occupa- 

tional performance, either individually or as a collective 

impact. This review is expected to make a significant 

contribution to the international scientific literature and 

will assist policy makers in developing intervention strat- 

egies to promote health, wellness and career longevity 

of firefighters in South Africa, and globally. In addition, 

the proposed review will assist researchers who wish to 

design novel primary or secondary studies concerning 

this issue and, potentially, aid in identifying research 

gaps for further studies. Reference methodologies will 

be used to guide the study design from study selection to 

the synthesis of results, significantly improving the overall 

reliability and reducibility of the study results. The broad 

inclusiveness of the current systematic review, such as not 

having a publication date limit and including studies from 

multiple global regions, increases the potential applica- 

bility and generalisability of the results. In addition, the 

inclusion of all types of study designs and methodologies 

allows for a broader scope of applicable articles for selec- 

tion and screening. 
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the design, or conduct, or reporting, or dissemination plans of this research. 
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Abstract: Background: Firefighting is a strenuous occupation, which necessitates that firefighters 

stay in good physical condition and maintain adequate cardiovascular and musculoskeletal fitness to 

perform their duties with minimal health and safety risks. The aim of this review is to determine the 

effects of cardiovascular disease risk factors, musculoskeletal health, and physical fitness on the 

occupational performance of firefighters. Methods: PubMed/Medline, SCOPUS, Web of Sci- ence, 

EBSCOHost, and ScienceDirect were searched without time-restriction. The appraisal tool for 

cross-sectional studies and the Critical Appraisal Skills Programme toolkit were used to conduct the 

methodological assessment. Data were analyzed using Review Manager 5.3, and MedCalc® 

statistical software. Results: Age had a moderate effect on occupational performance (Z = 5.15, 

p < 0.001), whereas gender had a large effect size on occupational performance (Z = 4.24, p < 0.001). 

A significant moderate negative correlation was found between cardiorespiratory fitness and oc- 

cupational performance (R = −0.584, p < 0.001). Significant low negative correlations were found 

between upper body endurance (R = −0.344, p < 0.001), abdominal endurance (R = −0.308, p < 0.001), 

grip strength (R = −0.421, p < 0.001), upper body strength (R = −0.318, p < 0.001), and lower body 

strength (R = −0.216, p = 0.020) and occupational performance. Conclusions: Aged firefighters with 

poor body composition and lower levels of physical fitness performed worse on all occupational 

performance tasks. 
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1. Introduction 

Firefighting is a hazardous occupation that places high physiological and psychological 
stressors on firefighters, thereby, posing significant risks to their health and wellbeing [1–3]. 
In addition, the environmental stressors include extreme temperatures, and hazardous 
chemicals and fumes [3–8]. The extreme environmental conditions necessitate that fire- 

fighters wear heavy, insulated personal protective equipment (PPE), which often includes 
self-contained breathing apparatus (SCBA) that places tremendous strain on their cardio- 

vascular system [6,8,9]. Moreover, firefighters are required to perform strenuous work 
duties, such as emergency rescues, first aid and resuscitation, and emergency extrication 
from vehicles, all while working irregular hours [1,8,10,11]. These types of strenuous and 
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irregular working conditions place significant strain on the musculoskeletal and cardio- 
vascular systems of firefighters, increasing the risk of serious injuries and sudden cardiac 
events, while on duty [1,12–14]. 

Existing research indicates that many firefighters have multiple cardiovascular disease 
(CVD) risks factors or poor overall cardiovascular health [3,15–19], poor musculoskeletal 
health [20–23] and inadequate physical fitness [24–27], which significantly and negatively 

affect their occupational performance [20,21,28–31]. Extensive scientific literature indicates 
that among emergency services professionals, firefighters have one of the highest percent- 

ages of mortality (45%) due to sudden cardiac death (SCD), with the majority related to 
underlying CVD risk factors [1,10]. These deleterious consequences are likely, at least 

partially, attributed to inadequate physical fitness, which invariably results in overexertion 
and increased cardiovascular strain [7,8,32], particularly when wearing full protective gear. 
Under these conditions, studies have shown the induction of maximum physiological 

responses, and often with adverse health outcomes [9,32,33]. In addition, firefighters have 
been reported to have the highest incidence of musculoskeletal injuries among all emer- 

gency services personnel [1], which is likely attributable to a combination of the weight of 
the PPE [32], the high prevalence of obesity [34–36], the necessity for sudden changes in 
posture and gait on rescue [35,36] and the high musculoskeletal demand of their profes- 

sional duties [37–39]. The combination of extraordinary musculoskeletal health demands, 
deteriorating cardiovascular health and inadequate physical fitness in many firefighters, 

may lead to significant morbidity and mortality in this population [40,41]. In addition, the 
progressively deteriorating cardiovascular and musculoskeletal health with increasing age, 

and the overall poor physical fitness significantly and negatively affect firefighters’ 
occupational performance [15,17,20,21,28–30]. Consequently, firefighters who are unable to 
perform their duties with sufficient competency and rigour are at risk of underperformance 

while on-duty [30,42], thereby, placing their lives as well as those of other civilians at 
increased risk, and increasing the potential loss of property and infrastructure. Firefighters 

who are not fit for active duty may be at increased risk of sustaining cardiovascular events 
and musculoskeletal injuries [27,30,43,44]. 

Measuring firefighters job performance while on active duty is an inherently difficult 

and costly task, due to the physical nature of their occupation and the high likelihood of 

equipment becoming lost or damaged [45]. This is particularly true for fire departments in 
developing countries or those fire departments that cannot afford to equip firefighters with 

this equipment [46,47]. Therefore, to assess firefighters’ work ability, fire and rescue 
departments use occupational simulation protocols to determine if firefighters are able to 
perform their duties with sufficient rigor [6,28,33]. Previous research has indicated that 

occupational simulation protocols are the closest representation of the stressors of 
firefighting [48]. Globally, an alarming number of firefighters are at increased cardiovascular 

disease (CVD) risk, while suffering from multiple musculoskeletal disorders and operating 
under suboptimal levels of physical fitness. This negatively effects their occupational 

performance and limits their ability to cope with the on-duty demands [2,6,31,39,49,50]. 
However, there have been no previous systematic reviews investigating the effects of CVD 
risk factors, musculoskeletal health, and physical fitness on the occupational performance 

of firefighters, which motivated the need for the present study. 
The relative lack of systematic reviews on this current topic was somewhat surpris- 

ing, given the nature of the occupation. Providing more information on the effect that 
cardiovascular disease risk factors, musculoskeletal health and physical fitness have on 
occupational performance may provide valuable evidence in informing policy makers and 

fire departments. For more information on the aim and objectives of this review, please 
refer to the published protocol: Ras et al. [51]. Briefly, the aim of this systematic review and 

meta-analysis was to determine the effects of CVD risk factors, musculoskeletal health and 
physical fitness on the occupational performance of firefighters. The objectives of the review 

were (i) to investigate the effects of cardiovascular health on the occupational performance 
of firefighters; (ii) to investigate the effects of musculoskeletal health on the occupational 
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performance of firefighters; (iii) to investigate the effects of physical fitness on the oc- 
cupational performance of firefighters, (iv) and, to investigate the relationship between 
cardiovascular health, musculoskeletal health and physical fitness on the occupational 

performance of firefighters. 

2. Materials and Methods 

The guidelines for Meta-analysis of Observational Studies in Epidemiology (MOOSE) 
and Quality of Reporting of Meta-analysis (QUOROM) guided our methods when conduct- 
ing this review [52,53]. When considering studies for this review, the PRISMA guidelines 

for systematic reviews was followed, and the outcomes for each step was described in a 
flow-diagram [54] (Figure 1). 

Figure 1. Flow chart of study selection in narrative review: Adapted from Moher et al. [54]. 
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2.1. Summary of Methods 

The study design of choice is a quantitative systematic review, where participants in- 

cluded adult, full-time, part-time and volunteer firefighters between the ages of 18 to 65 years. 
The exposures assessed included cardiovascular health, musculoskeletal health, and physi- 

cal fitness in relation to the occupational performance of firefighters. The inclusion criteria 
were as follows: (i) studies that recruit full-time adult firefighters, with no limitations 

to publication year; (ii) studies investigating the effects of cardiovascular health, muscu- 
loskeletal health and/or physical fitness on the occupational performance of firefighters; 
(iii) studies available in full-text. Exclusion criteria included: (i) studies focusing on other 

outcome measures as the main exposures or outcomes; (ii) systematic reviews or other 
types of reviews; (iii) articles that are non-English. The protocol for this study has been 

published and more information on the methods involved in the current manuscript may 
be found at: Ras et al. [51]. 

2.2. Search Strategy for Identification of Studies 

A detailed literature search was conducted by the two primary reviewers (JR and RN), 

tasked with independently identifying studies, extracting the data, verifying the data 
collected and grading the quality of the results. JR was the principal investigator tasked 

with data analysis, narratively synthesising the data and writing up of the systematic 
review. A third reviewer (LL) was tasked with adjudicating and resolving any disagreement 

between the two independent reviewers. 

2.3. Electronic Literature Search 

The following journal databases were searched: PubMed/Medline, SCOPUS, Web of 
Science, EBSCOHost and ScienceDirect with no limitation to publication year. Keywords 

and medical subject heading (MeSH) terms were used in various arrangements depending 
on the specific database. A combination of the appropriate terms (search string) was used to 

ensure the inclusion of the relevant components of the participants, exposure, comparison, 
and outcome (PECO). The details of the search strategy can be found in Supplementary S1. 

2.4. Additional Searches for Grey Literature 

The search strategy was completed by searching the following databases for grey liter- 

ature: Google, Google Scholar and Networked Digital Library of Theses and Dissertation. 

2.5. Selection of Studies 

All studies, as full-text articles, that met the inclusion criteria were selected for screen- 
ing. Every attempt was made to contact the authors for full-text articles or missing data. 
Thereafter, the full-text articles were assessed independently by two reviewers using the 

Rayyan® intelligent systematic review (RIS) tool [55]. When screening the studies, three 
categories were used, namely, included, excluded and unsure. Any uncertainties regarding 
study inclusion were discussed between the two reviewers. In the event of disagreement, a 
discussion was held with the third reviewer, and resolved by the latter. 

2.6. Data Extraction and Data Management 

A researcher-generated data extraction form was used (Supplementary S2 and 

Supplementary S3). The information extracted was the general study details, such as 
authors, date of study publication, study title, study design and country of study, the 

exposure assessed, and the outcome measures. Study characteristics were collected, such as 
sampling method and sample size, and details of the participants. In addition, the details 
of exposure and the outcome variables were extracted, i.e., the study must have reported 

on at least one of the exposure variables in relation to firefighter occupational performance. 
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2.6.1. Critical Appraisal of Included Studies 

The appraisal tool for cross-sectional studies (AXIS checklist) (Table 1) [56] and The 
Critical Appraisal Skills Programme (CASP) toolkit (Middle Way, Oxford, UK) (Table 2) 

(https://casp-uk.net/casp-tools-checklists/ (accessed on 1 March 2021)) were used to 
conduct the methodological assessment of each study included. The CASP toolkit (Middle 
Way, Oxford, UK) was previously used in systematic reviews on firefighters and tactical 

personnel to assess study methodologies, and allows for fair and equitable assessment of 
a variety of study types. The AXIS toolkit was shown to be a reliable and valid tool for 

assessing the quality of cross-sectional studies [56]. 

2.6.2. Classification of Age and Obesity and Physical Fitness for Meta-Analysis 

Age was classified as male firefighters over the age of 45 years, and obesity was 

classified as a BMI of 30 kg·m2 or higher or a bodyfat percentage (BF%) over 25%. For 

cardiorespiratory fitness, only studies that included either absolute (mL·kg·min) or relative 
. 

(L·min) VO2max were used. These estimates included both from direct gas analysis and 
. 

those estimated with maximal or submaximal VO2max. For upper body and abdominal 
muscular endurance, the push up and sit ups endurance tests were preferred. For upper 
body strength grip strength and the bench press were used as the preferred measures, and 

for lower body only studies including the leg press or squat were included. For flexibility, 
the sit and reach test was preferred. These physical fitness tests were favored due to their 

frequency of use across multiple studies when used to indicate overall health-related 
physical fitness in firefighters. 

2.7. Data Analysis 

2.7.1. Assessment of Overall Effect Size 

The outcome measure (occupational performance) was analysed as a continuous 
variable. The mean difference (MD) and standardized mean difference (SMD), with 95% 
confidence intervals (CI), of estimation was used to estimate the effect, using the inverse 
variance method of meta-analysis, between cardiovascular health and occupational per- 
formance and physical fitness and occupation performance in firefighters [81]. For the 

correlation analysis, MedCalc® statistical software Ltd., Ostend, Belgium (version 20.104), 
was used to perform the correlation meta-analysis. Investigators grouped the “R” values 
according to cardiovascular disease risk factors, physical fitness components and overall 
performance, and combined them into a single representative effect estimate [82]. Meta- 
analysis techniques were applied using the number of studies, original “R” values and 
sample sizes to generate the pooled “R” values between each cardiovascular health com- 
ponent, fitness component and job task component [82]. Where one study, or insufficient 
studies were present, a meta-analysis on the pooled “R” was not calculated [82]. The 
original “R” values were converted to a common test metric using the Fisher’s “R” to “Z” 
transformation [82]:  

The Fisher’s Z values from the original studies were combined using random effect 
models for all analysis’ performed [82]. The following was used to indicate the strength of 

correlation, 0.00 to 0.30 (−0.00 to −0.30) for negligible correlation; 0.30 to 0.50 (−0.30 to 

−0.50) for low correlation; 0.50 to 0.70 (−0.50 to −0.70) for moderate correlation; 0.70 to 

0.90 (−0.70 to −0.90) for high correlation and 0.90 to 1.00 (−0.90 to −1.00) for very high 
correlation [82]. 
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Table 1. Critical appraisal of cross-sectional studies using AXIS checklist. 
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Table 1. Cont. 
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Table 1. Cont. 

Note: NA—indicated questions that were not applicable for grading of the overall study quality; ✓—indicates yes; ×—indicates no. 

Table 2. Critical appraisal of cohort studies using the Critical Appraisal Skills Programme checklist. 

Quality Assessment Criteria Phillips et al. [79] MacDermid et al. [29] Hendersen et al. [80] 

1. Did the study address a clearly focused issue? 
2. Was the cohort recruited in an acceptable way? 
3. Was the exposure accurately measured to minimize bias? 
4. Was the outcome accurately measured to minimize bias? 
5. (a) Have the authors identified all important confounding factors? 
5. (b) Have they taken account of the confounding factors in the design and/or analysis? 
6. (a) Was the follow up of subjects complete enough? 
6. (b) Was the follow up of subjects long enough? 
7. What are the results of this study? 
8. How precise are the results? 
9. Do you believe the results? 
10. Can the results be applied to the local population? 
11. Do the results of this study fit with other available evidence? 
12. What are the implications of this study for practice? 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

NA 
NA 
✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

NA 
NA 
✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

NA 
NA 
✓ 

✓ 

✓ 

✓ 

TOTAL SCORE 12 12 12 

Note: NA—indicated questions that were not applicable for grading of the overall study quality; ✓—indicates yes. 
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Was ethical approval or consent 
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2.7.2. Assessment of Heterogeneity 

Heterogeneity was evaluated using the Chi-square test, I2 test and Cohen’s Q test [83]. 

The following was used to explain I2 statistics: (1) 0% to 30%: may not be important; 
(2) 31% to 60%: may indicate moderate heterogeneity; (3) 61% to 80%: may indicate 

substantial heterogeneity; (4) 81% to 100%: considerable heterogeneity. Regardless of 
whether homogeneity or heterogeneity were present between studies, a random-effects 

model was preferred in order to maintain consistency in the interpretation of results [83]. 
To assess the risk of bias between studies, the Egger’s test and Begg’s test were performed. 

2.7.3. Subgroup Analysis and Investigation of Heterogeneity 

When heterogeneity was present, a subgroup analysis was performed to explore the 

sources of heterogeneity [81,83]. Where applicable, subgroup analysis included the 
following: weight of personal protective equipment (PPE), the sex of the firefighters (male 
and females), the number of tasks performed and if tasks were sequentially or discretely 

conducted, for full-time firefighters. For the weight of PPE, studies that had a combined 
weight of PPE above 22 kgs. The number of tasks performed included studies where 

firefighters performed five or more tasks during the occupational simulation protocols. 
Sequential tasks included studies that included tasks that were performed sequentially, 
i.e., followed a specific order, whereas discrete tasks included studies that had no specific 

order. An additional subgroup analysis was included for cardiorespiratory fitness, which 
included studies that estimated cardiorespiratory fitness directly by using gas analysis. 

Although all exposures were measured using a standard physical ability test or simulated 
work-related tasks, the methods used could be different, which required comparing and 

converting certain measurements to produce similar findings for comparison. 

3. Results 

3.1. Study Selection 

Initially, the electronic database searches yielded 8084 publications, with an addition 

of 10 studies found through reference list searching (Figure 1). After removal of duplicates, 
3363 studies remained and were screened using title and abstract information. Of these, 

3300 studies were excluded for not meeting the inclusion criteria, leaving 63 studies that 
were designated for full-text screening. A total of 33 studies were excluded after screening 
the full text, and 30 studies were eligible to proceed to data extraction. After data extraction, 

25 studies were included for the final meta-analysis. 

3.2. Assessment of the Strengths and Weaknesses of Studies 

The strengths and weaknesses of the studies were assessed and the most frequent 
weakness of the studies, according to the AXIS checklist, were: (a) the sample size was 

not justified (13/27); (b) the sample frame not taken from an appropriate sample base 
(22/27); (c) the sample selection not likely to select participants that represented the target 

population (21/27) (Table 1). These weaknesses were largely due to the nature of the 
study types and the relatively small sample sizes. The quality of the included studies was 
acceptable. A score of 15 point was given a score of “moderate”, 16 to 17 point given a 

score of “good” and scores between 18−19 given a score of “high” quality (Table 1). Scores 
of lower quality (<15) were excluded from this review. Then strengths and weaknesses of 
cohort studies were assessed according to the CASP checklist for cohort studies, and all 

studies were of high quality, with N/A given to two questions, namely: (a) What are the 
results of this study? and (b) How precise are the results? (Table 2). 

3.3. Study Characteristics 

The included studies encompassed 27 cross-sectional studies and three cohort studies 
conducted between the period of 1987 and 2022, and included 2585 firefighters. Stud- ies 

were conducted in different global regions and encompassed multiple variations of 
occupational simulated tasks. A summary of the included studies is presented in Table 3. 
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3.4. Cardiovascular Disease Risk Factors, Musculoskeletal Health and Occupational Performance 

The results indicated that only two cardiovascular disease risk factors were consistently 

studied according to occupational performance in firefighters, and included age and obesity 
(Table 3). The studies reported that older firefighters’ completion times and performance on 

each individual task was significantly lower compared to younger firefighters [39,58,74,77]. 
When firefighters were aged (over 45 years in males), overall performance was significantly 
reduced. Obesity was reported to significantly reduce overall occupational performance 

and performance on each individual task [30,57,60,65,73,74,77,79,80]. Resting diastolic 
blood pressure and diastolic blood pressure at completion of the simulation event was 

significantly related to occupational performance in firefighters [72,84]. The results indi- 
cated that, although males tended to be at higher risk for cardiovascular disease, they also 
performed significantly better overall and in each occupational task compared to female 

firefighters [39,58,64,72]. Only one study was found that investigated the rela- tionship 
between musculoskeletal health and occupational performance in firefighters. Although 

not statistically significant, the study found that firefighters who reported having moderate-
to-severe muscle and joint problems took approximately 10 s longer to complete the five 

flights of stairs while carrying a 22 kg high-rise pack than firefighters not reporting those 
problems [29]. 

3.5. Physical Fitness and Occupational Performance in Firefighters 

The results indicated that cardiorespiratory fitness [28,30,58,60,61,64–66,68,70,80,84], 

muscular endurance [30,42,57,62,65,66,70,73,77,80,84] and muscular strength [30,42,57,62, 
72,73,77,80,84] were significantly related to overall occupational performance in firefighters 
(Table 3). In addition, cardiorespiratory fitness was significantly related to the time required 

to complete the stair climb [30,31,42,60,62,65], hose drag [30,31,42,66], crawl [62,66], ladder 
raise [62,66], terrain crossing [62], demolition [62], rolled hose lift and move [57], equipment 

carry [66], hose pull [62], victim rescue [30,42,60,62,65,66], forcible entry [66] equipment 
hoist [42], and saw hold/cutting [30,61]. Upper body endurance was significantly related 
to tasks requiring upper body work, such as the hose drag [30,57,66,77], hose pull [61], 

hose connect, victim rescue [30,57,66,77], hose pull [61], rolled hose lift and move [57], 
crawl [66], ladder raise [66] terrain crossing [62], demolition [62], equipment carry [66], saw 

hold, forcible entry [57,66,77] and equipment hoist, and also a lower extremity dominated 
task such as the stair climb [30,57,77]. Abdominal endurance was significantly related 

to the stair climb [30,42,57,61,77], hose drag [30,42,57,66,77], hose pull [61], hose connect, 
victim rescue [30,42,57,61,66,77], hose pull [61], rolled hose lift and move [57], crawl [66], 
ladder raise [66], terrain crossing [62], demolition [62], equipment carry [66], forcible entry 

[57,66,77] and equipment hoist [42,77]. Grip strength was significantly related to hose drag 
[30,31,42,57,77], victim rescue [30,42,57,61,77], rolled hose lift and move [57], crawl, hose 

pull [61], terrain crossing [61], demolition [61], forcible entry [57,77] and equipment hoist 
[42,77], however, grip strength consistently appeared to have a stronger relationship with 

overall performance and each specific occupational task. Upper body strength was 
significantly related to hose drag [30,42,57], victim rescue [30,42,57] and rolled hose lift 
and move [57]. Surprisingly, lower body strength was most consistently reported not to 

be significantly related to stair climb times [30,31,42,57,76] in firefighters. However, lower 
body strength was significantly related to the hose drag [30,31,42,57], hose pull, victim 

rescue [30,42,57], and rolled hose lift and move [57]. Flexibility has been reported to be 
significantly related to stair climb times [77], however, in one study no relationship was 
found between these variables. A study reported a relationship between quadriceps muscle 

diameter and stair-climb time (R = 0.560, p < 0.001) [67], however, this does not coincide 
with the results of previous literature. 
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Table 3. Study characteristics of included studies. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Chizewski 
et al. [66] 

Cross-sectional study 
USA, Midwestern states 

89 male firefighter 
recruits 

Age: 26.8 ± 4.2 years 
Body mass: 89.24 ± 16.33 kgs 
Height: 1.78 ± 0.07 m 

BMI: 28.11 ± 4.19 kg·m−2 

1.5 Mile Run, push-ups, sit-ups 
bench press, flexibility, vertical jump. 

1. 
2. 
3. 
4. 
5. 
6. 

Kiser Sled 
SCBA Crawl 
Victim Drag 
Hose Advance 
Equipment Carry 
Ladder Raise 

Full PPE SCBA gear Significant relationships 
between cardiovascular 
endurance (r = −0.49, p < 0.01), 
bench press (r = −0.51, p < 0.01), 
push-ups (r = −0.38, p = 0.01), 
sit-ups (r = −0.41, p < 0.01), 
power (r = −0.32, p < 0.01) and 
total firefighting ability (total 
completion time). 

Sequential tasks 

20.4 kgs 

Davis et al. [74] Cross sectional study 
USA, Washington D.C 

100 full-time male 
firefighters 

Age: 33.1 ± 7.63 
Height: 176.7 ± 5.43 cm 
Weight: 83.4 ± 10.94 kgs 
LBM: 65.8 ± 5.98 kgs 

1. 
2. 
3. 
4. 
5. 

Ladder extension 
Standpipe carry 
Hose pull 
Simulated rescue 
Simulated forcible entry 

Full PPE SCBA gear Significant predictors of 
performance on simulated tasks 
included the firefighters’ lean 
body mass, maximal heart rate, 
cardiorespiratory fitness, age, 
and BF%. High muscular 
strength and endurance and 
near maximal aerobic capacity 
was necessary to complete 
simulated tasks. 

Sequential tasks 

BF%: 21.1 ± 6.69% 24 kgs 
v

. 
O2max: 39.60 ± 5.94 mL·kg·min. 

Treadmill test, handgrip strength, 
sit-ups, push-ups, sit-and-reach. 

Elsner and 
Kolkhorst [68] 

Cross-sectional study 
USA, San Diego 

20 male firefighters Age: 37.4 ± 8.5 years 
Height: 178 ± 6 cm 
Weight: 86.8 ± 8.9 kgs 
Body fat: 16.9 ± 4.7% 

Full PPE and SCBA gear There was a moderately strong 1. Hose advance and 
connect 
ladder carry and 
extension 
Donning their SCBA 
Advancing two sections 
of a fire hose 
Breach 
Stair climb 
Equipment hoist. 
Hose advance. 
stair decent 
Search and rescue 

inverse relationship between 
v

. 
O2max and performance time 

as well as a strong positive 
Sequential tasks 2. 

relationship between v. O2max 
and average v. O2 during the 
firefighting protocol. 

Time: 11.65 ± 2.21 min 3. 
4. Average v. O2: 29.1 ± 8.0 mL·kg·min 

Treadmill test 5. 
6. 
7. 
8. 
9. 
10. 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Henderson 
et al. [80] 

Cohort study 
USA, Milwaukee 

306 male and female 
firefighter recruits 

Age: 26.1 ± 4.7 years 
Height: 180.5 ± 6.4 cm 
LBM: 74.4 ± 8.1 kgs 
BF%: 13.3 ± 4.5% 

1. 
2. 
3. 
4. 
5. 

Stair climb 
Hose hoist 
Forcible entry 
Hose advance 
Victim rescue 

Full PPE and SCBA gear BF% (r = −0.17) and age 
(r = −0.03) was negatively 

Sequential tasks correlated with combat test 
performance. Absolute v. O2max 

29.3 kgs (r = 0.43), bench press (r = 0.33), 
grip strength (r = 0.50), sit-ups 
(r = 0.31) were positively 
correlated with combat 
test performance. 

Step test, bench press, lat pull-down, 
grip strength, sit-ups 

Kleinberg 
et al. [67] 

Cross-sectional study 
USA, North Carolina 

46 male firefighters Age: 37.6 ± 7.2 years 
Stature: 180.2 ± 6.9 cm 
Body mass (kgs) 108.0 ± 19.8 kgs 
BMI: 33.1 ± 4.7 kg·m−2 

Quadriceps cross-sectional area (QCSA) 
(cm2/kgs): 0.50 ± 0.07 
Quadriceps echo intensity (QEI): 
109.3 ± 13.9 

Stair-climb (s) Fitted with weighted vest to 
simulate weight of PPE 

Quadriceps cross-sectional area 
(QCSA) and quadriceps echo 
intensity (QEI) were 
significantly associated with 
stair-climb time (r = 20.492, 
p = 0.001; r = 0.363, p = 0.013, 
respectively). 
QCSA and QEI as significant 
predictors of stair-climb time 
(r = 0.560, p < 0.001) and a VIF 
of 1.046. 

22.7 kgs 

Lindberg 
et al. [62] 

Cross sectional study 
Northern Sweden 

38 male and female 
full-time, volunteer 
firefighters 
and civilians. 

Age: 34 ± 9.8 years 
Weight: 78 ± 11.1 kgs 
Height: 177.2 ± 7.9 cm 

BMI: 25 ± 2.7 kg·m−2 

Grip strength, sit-ups, grip endurance, 
squat endurance, bench press 
endurance, chin ups, dips, upright 
barbell row, standing broad jump, 
barbell shoulder press 

1. 
2. 
3. 
4. 
5. 
6. 

cutting 
Stairs 
Hose pulling 
Demolition 
Victim rescue 
Terrain crossing 

19 kgs Significant correlations were 
present between all field tests 
and all the firefighter specific 
tasks (r = 0.45 to 0.85). 

Absolute and relative v. O2max 
were significantly correlated to 
cutting (r = 0.55; r = 0.47), stairs 
(r = −0.75; r = −0.52), 
pulling (r = −0.74; 
r = −0.46), demolition (r = −0.79; 
r = −0.57), rescue (r = −0.79; 
r = −0.48) and terrain (r = −0.70; 
r = −0.74) performance. 

Lindberg 
et al. [61] 

Cross sectional study 
Northern Sweden 

38 male and female 
full-time, volunteer 
firefighters 
and civilians. 

Age: 34 ± 9.8 years 
Weight: 78 ± 11.1 kgs 
Height: 177.2 ± 7.9 cm 

BMI: 25 ± 2.7 kg·m−2 

Treadmill test, track running, step 
test, rowing. 

24 kgs 1. 
2. 
3. 
4. 
5. 
6. 

cutting 
Stairs 
Hose pulling 
Demolition 
Victim rescue 
Terrain crossing 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Cross-sectional study 
Canada, Hamilton 

293 male and 
female firefighters 

Age: 42.6 ± 9.7 years 
Height: N/A 
Weight: N/A 
BMI: N/A 

Work Limitations 
Questionnaire (WLQ-26) 

Not specified Firefighters who reported 
having moderate to severe 
muscle and joint problems took 
approximately 10s longer to 
complete the stair climb task 
than did firefighters not 
reporting those problems. 

MacDermid 
et al. [29] Discrete tasks 1. 

2. 
Hose Drag 
Stair Climb with a 
High-Rise Pack Not specified 

Michaelides 
et al. [73] 

Cross-sectional study 
USA, Arkansas 

38 experienced 
volunteer firefighters 

Age: 32.25 ± 6.07 years 
Weight: 96.1 ± 16.4 kgs 
Height: 178.21 ± 7.35 cm 
BF%: 21.78 ± 6.22% 

Full PPE and SCBA gear Upper body muscular 
endurance (push-ups to 
exhaustion) and upper body 
strength (1-RM bench press) 
were significantly inversely 
related with the total 
completion time the test (AT 
score; p < 0.01). In addition, 
there were significant positive 
associations (p < 0.01) between 
%BF and RHR variables and 
time to complete the AT. 
Flexibility, t(36) = 2.71, p < 0.05, 
%BF, t(36) = 3.11, p < 0.05, 1-RM 
bench press, t(36) = −2.24, 
p < 0.05, and 1-RM 
squat, t(36) = −2.06, p < 0.05, 
fitness parameters contributed 
significantly to the predictive 
power of firefighters’ 
AT performance. 

1. 
2. 

Stair climb, 
Rolled hose lift, 
and move, 
Keiser sled, 
Hose pull and 
hydrant hookup, 
Rescue mannequin drag, 
Charged hose advance 

Sequential tasks 

3. 
4. 22.68 kgs 

Abdominal strength, Relative power 
(vertical jump), Power (vertical jump), 
grip strength, bench press, squat, Sit 
and reach, Relative power (step test), 
Power (step test), Push-ups, Sit-ups 

5. 
6. 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Michaelides 
et al. [57] 

Cross-sectional study 
USA, Arkansas 

90 full-time 
male firefighters 

Age: 32.25 ± 6.07 years 
Height: 181.16 ± 6.62 cm 
Body weight: 97.04 ± 15.51 kgs 
Age: 33 ± 67years 
Body fat: 23.05 ± 5.58% 
BMI: 29.55 ± 3.67 kg·m−2 

Waist circumference: 97.33 ± 10.96 cm 

1. 
2. 
3. 
4. 

Stair climb 
Rolled hose lift, and move 
Keiser sled 
Hose pull and 
hydrant hookup 
Rescue mannequin drag 
Charged hose advance 

Full PPE and SCBA gear Negative correlations indicated 
that higher performance on the 
fitness variables were associated 
with faster completion of the AT 
test, thus higher 
firefighting performance. 
Poor performance on the AT 
was significantly correlated 
(positive correlations) with high 
resting heart rate, body mass 
index (BMI), BF%, age, and 
waist size. 
Results showed that abdominal 
strength (t [53] = 22.94, p = 0.01); 
power, step test (t [53] = 22.37, 
p = 0.05); push-ups (t [53] = 1.97, 
p = 0.05); resting Hr 
(t [53] = 2.64, p = 0.05); and BF% 
(t [53] = 4.29, p = 0.01) 
contributed significantly to the 
predictive power of firefighters’ 
AT performance 

Sequential tasks 

22.68 kgs 

5. 
6. 

Abdominal strength, Relative power 
(vertical jump), Power (vertical jump), 
grip strength, bench press, squat, Sit 
and reach, Relative power (step test), 
Power (step test), Push-ups, Sit-ups 

Misner et al. [76] Cross-sectional study 
USA, Chicago 

150 female firefighter 
applicants 

Age: 27.1 ± 4.5 years 
Height: 164.9 ± 5.6 cm 
Body mass: 63.4 ± 7.9 kgs 
BF%: 19.0 ± 5.9% 
LBM: 50.8 ± 4.3 kgs 

Stair climb test Harness containing air pack Stair climb performance was 
significantly correlated with age, 
lean body mass, vertical jump 
and peak power 13.1 kgs 

Leg press, bicycle ergometer, vertical 
jump, Wingate anaerobic test. 

Myhre et al. [65] Cross-sectional 
study USA 

222 male and 
female firefighters 

Age: 30.4 ± 9.3 years 
Height: 178.6 ± 7.6 cm 
Weight: 83.5 ± 13.1 kgs 
BF%: 20.1 ± 6.9% 

Full PPE and SCBA gear Recue time was positively 
correlated to age (r = 0.38), and 

1. 
2. 

“crash” aircrew rescue 
Search and rescue 

Sequential tasks BF% (r = 0.36) and negatively 
correlated to v. O2max 
(r = −0.36), bench press 
(r = −0.18) and abdominal 
curl (r = −0.25). 

22.2 kgs 
Cycle ergometer test, bench press, 
upright forearm curl, upright row, 
barbell raise and lower. 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Nazari et al. [31] Cross-sectional study 
Canada, Ontario 

46 males 
and 3 females 
firefighters 

Age: 33.66 ± 9.19 years 
Height: 1.81 ± 0.08 cm 
Weight: 90.35 ± 13.22 kgs 

1. 
2. 

Stair climb, 
Hose drag 

Full PPE and SCBA gear A negative correlation was 
present

.
and indicated that 

Discrete tasks higher vO2max and/or strength 
levels were associated with 
faster completion of tasks 
Grip strength (r = −0.30) and 
CRF (r = −0.25) was negatively 
correlated to hose drag task. 
CRF was negatively correlated 

BMI: 27.53 ± 3.56 kg·m−2 

v
. 
O2max: 40.30 ± 6.25 mL·kg·min 

Cardiorespiratory fitness 
NIOSH lower limb strength 
combined grip strength 

22.7 kgs 

to the stair climb (r = −0.31). 
In predicting hose drag 
completion times, firefighters’ 
age and right grip strength 
scores were shown to be the 
most statistically significant. 

Perroni et al. [85] Cross-sectional study 
Italy, Rome 

20 full-time male 
firefighters 

Height: 177 ± 6 cm 
Weight: 77.2 ± 8.7 kgs 

BMI: 24.7 ± 2.1 kg·m−2 

1. 
2. 
3. 
4. 

Incremental treadmill test, 
child rescue, 250m run, 
find an exit, 
250 m run 2 

Discrete testing There was a significant 
correlation between v. O2peak 
and time to job completion of 23 kgs 

HRmax: 90 ± 5% (176 ± 9 bmp) the simulated intervention 
(r = 0.09, p = 0.72). Correlation v

. 
O2peak: 43.1 ± 4.9 mL·kg·min. 

coefficients ranging from 0.09 to 
0.53 existed between v. O2peak 
and time to complete the 
different tasks. 

Treadmill test 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Phillips et al. [79] longitudinal study, 
cohort and 
cross-sectional 
study design 

414 male 
firefighter applicants 

Age: 27 ± 5 years 
Height: 180 ± 6 cm 
Mass: 89.0 ± 17.0 kgs 
BMI: 26.9 ± 4.2 kg·m−2 

Treadmill: 15.9 ± 2.7 min 

1. 
2. 
3. 
4. 
5. 

Hose drag, 
Weighted sled pull 
Forcible entry, 
Victim rescue, 
Ladder climb 

PPE only There was a significant 
correlation between body mass 
and treadmill test duration and 
a stronger correlation (r = 0.76) 

Sequential testing 

23.3 kgs between test duration and 
v

. 
O2peak relative to total mass. Canada, Alberta 

Treadmill test The less than 70.0 and 70.0 to 
79.9 kg mass categories were 
significantly slower compared 
with the others during the 
charged hose drag. For the 
weighted sled pull, forcible 
entry and victim rescue tasks, 
the less than 70 kg group was 
significantly slower. 
The more than 110.0 kg group 
was significantly slower than all 
the other groups on the ladder 
climb test. There were modest 
correlations (p < 0.05) between 
body mass and task completion 
time for the charged hose drag 
and weighted sled pull tests 
(r = 0.44, r = 0.36, respectively. 
There were weak correlations 
between task completion time 
and body mass for the forcible 
entry, victim rescue, and ladder 
climb tests. 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Rhea et al. [42] Cross-sectional study 
USA, Phoenix 

20 male firefighters Age: 34.5 ± 6.1 years 
Professional service: 6.1 ± 5.2 years 
BF%: 16.6 ± 3.9% 

1. 
2. 
3. 
4. 

Hose pull 
Dummy drag 
Stair climb 
Hoist 

Full SCBA gear Significant correlations (p < 0.05) 
between job performance and 
the following variables: total 
fitness (r = −0.62), bench press 
strength (r = −0.66), hand grip 
strength (r = −0.71), bent-over 
row endurance (r = −0.61), 
bench press endurance 
(r = −0.73), shoulder press 
endurance (r = −0.71), bicep 
endurance (r = −0.69), squat 
endurance (r = −0.47), and 
400-m sprint time (r = 0.79). 
Significant correlations were 
also identified for each of the 
individual job 
performance tests. 

Discrete testing 

12-min run, bench press 5 rm(kg) 
squat 5 rm (kg), hand grip strength 
(kg), row endurance, bench press 
endurance, shoulder press endurance 
(reps), bicep curl endurance, squat 
endurance, ab curls, hand grip 
endurance, 400-m run, body fat %: 

25 kg 

Ryan et al. [69] Cross-sectional study 
USA, North Carolina 

41 full-time male 
firefighters 

Age: 32.3 ± 2.5 years 
Stature: 178.3 ± 2.4 cm 
Body mass: 92.3 ± 5.7 kgs 
BMI: 29.0 ± 1.6 kg·m−2 

BF%: 24.1 ± 2.4% 

Stair climb time Fitted with weighted vest to 
simulate weight of PPE. 

Faster firefighter Stair Climb 
times (lower scores) were 
significantly associated with 
greater Peak Torque (r = −0.421; 
p = 0.007), greater PP 
(r = −0.530; p = 0.001), less 
fatigability (r = −0.389; 
p = 0.014), younger age 
(r = 0.441; p = 0.004), lower %BF 
(r = 0.629; p < 0.001). 

22.73 kgs 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Saari et al. [74] Cross-sectional study 
USA, Ohio 

74 full-time 
male firefighters 

Younger vs. Older 
Age: 31.80 ± 3.42 vs. 
44.65 ± 5.18 years 
Height: 179.85 ± 6.32 vs. 
182.23 ± 5.57 cm 
Body mass: 92.61 ± 8.73 vs. 
89.77 ± 23.06 kgs 
BF%: 15.94 ± 4.31 vs. 19.49 ± 4.58% 
Fat mass: 14.95 ± 4.84 vs. 
17.71 ± 7.52 kgs 
Fat-free mass: 77.65 ± 6.32 vs. 
72.06 ± 17.12 kgs 
Waist circumference: 88.67 ± 6.56 vs. 
72.06 ± 17.12 cm 
Hip circumference: 102.47 ± 4.70 vs. 
105.14 ± 6.57 cm 

1. High-rise pack carry 
(stair climb) 
Hose hoist 
Forcible entry 
Hose advance 
Victim recue 

Full PPE and SCBA gear. On average, it took older 
firefighters 8.8% longer to 
complete the course compared 
with younger firefighters 
(p = 0.029). 
Age was positively correlated 
with course time (r = 0.297, 
p = 0.017) 

2. 
3. 
4. 
5. 

Sequential testing 

Not specified 

v
. 
O2max (r = −0.628) and BF% 

(r = 0.467) were correlated with 
total performance time. BF% 
was only correlated individually 

Schonfeld 
et al. [60] 

Cross-sectional 
study USA 

20 male 
volunteer firefighters 

Age: 38.6 ± 2.5 years 
Height: 175.7 ± 1.1 cm 

Full PPE and SCBA gear 1. 
2. 
3. 

Stair climb 
Chopping simulation 
Victim drag Weight: 75.4 ± 1.9 kgs Sequential testing 

v
. 
O2max: 48.5 ± 2.1 mL·kg·min 

BF%: 22.4 ± 0.9% 24 kg to stair climb (r = 0.535), 
whereas v. O2max was correlated 
to all stair climb, chopping and 
victim drag (r = −0.627, −0.324 
and −0.447) 

v
. 
O2max (r = 20.602; p = 0.001), 

Treadmill test 

Sheaff et al. [72] Cross-sectional 
study USA, 
Baltimore–Washington 

33 Career and volunteer 
firefighters 

Age: 28 ± 1 years 
Height: 179.2 ± 1.6 cm 
Weight: 87.6 ± 3.8 kgs 
BMI: 27.1 ± 0.9 kg·m−2 

Full SCBA gear 1. 
2. 
3. 
4. 

Stair climb 
Hose drag 
Equipment carry 
Ladder raise 
and extension 
Forcible entry 
Search 
Rescue 
Ceiling breach and pull 

4-finger isometric grip strength 
(r = 20.504; p = 0.009), and upper 
body strength (r = 20.485; 
p = 0.001) were also significantly 
related to CPAT performance. 
Furthermore, maximal HR 
response to stair climbing was 
significantly related to 
performance time (r = 0.523; 
p = 0.01), and percent of 
maximal HR during the stair 
climb (r = 0.488; p = 0.012). 

Sequential testing CPAT 

BF%: 22.2 ± 1.1% 22.7 kgs 
v

. 
O2max: 41.5 ± 1.4 mL·kg·min 5. 

6. 
7. 
8. 

Cycle ergometer, treadmill test, chest 
press, leg press, knee extension. 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 
 

Relative v. O2 had a stronger Siddall et al. [28] Cross-sectional study 
United Kingdom, 
London 

68 (63 male; 5 female) 
full-time firefighters 

Age: 41 ± 8 years 
Mass: 85.7 ± 12.9 kgs 
Height: 1.78 ± 0.06 m 
BF%: 19.7 ± 5.6% 

1. 
2. 
3. 

The equipment carry: 
The casualty evacuation 
The ‘hose run’ 

Full PPE and SCBA gear 
inverse correlation with FFST 

Sequential testing performance time (R = −0.711; 
R2 = 0.506, SEE = ±56 s) than 
absolute v. O2 (R = −0.577; 
R2 = 0.332; SEE = ±65 s), 
explaining ~18% more of the 
variance in FFST performance. 
The combination of variables 
that produced the strongest 

Fat mass: 17.3 ± 7.0 kgs 20.3 kgs 
absolute v. O2max: 
4.0 ± 0.7 mL·kg·min 
relative v. O2max: 
47.7 ± 9.0 mL·kg·min 
Treadmill test 

prediction of FFST time was the 
absolute v. O2 and fat mass, 
which explained 26% and 8% of 
the variance. 

Sothmann 
et al. [39] 

Cross-sectional study 
USA, Chicago 

153 full-time male and 
female firefighters 

Age: 36 ± 6 years 
Years as firefighter: 8 ± 5 years 
Height: 172 ± 7.6 cm 
Weight: 84 ± 13 kgs 

Discrete testing Women completed the 
simulation approximately 35% 
slower than men which when 
tested by ANOVA proved to be 
a statistically significant 
difference (F 1151 = 5.70, 
p = 0.01). There was a 
significant age effect 
(F 3149 = 5.76, p < 0.01) on the 
performance times of the 
simulation protocol. Firefighters 
aged 50 years and over 
performed the protocol 
significantly slower than each of 
the three younger 
age classifications. 

1. Hose drag and high rise 
pack carry 
Dummy drag Not disclosed 2. 

Stevenson 
et al. [64] 

Cross-sectional study 
United Kingdom, 
London 

69 full-time male and 
female firefighters 

Age: 40 ± 8 years 
Mass: 85.8 ± 12.8 kgs 
Height: 178 ± 6 cm 
BMI: 27.0 ± 3.6 kg·m−2 

Full PPE and SCBA gear The time to complete the 
firefighting simulation test 
(FFST) was highly inversely 
correlated with 
cardiorespiratory fitness 
(r = −0.73, p = 0.01). 

1. 
2. 
3. 

Equipment carry 
Casualty evacuation 
Hose run Sequential testing 

BF%: 19.7 ± 5.5% 20.2 kgs 
v

. 
O2max: 47.8 ± 9.0 mL·kg·min 

Treadmill test 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Skinner et al. [30] Cross-sectional 
study Australia 

42 full-time male 
Aviation Rescue 
Firefighters 

Age: 38.4 ± 7.6 years 
Height: 180.2 ± 6.6 cm 
Body mass: 81.9 kgs 

BMI: 26.2 ± 2.2 kg·m−2 

Fat mass: 18.3 ± 5.6 kgs 
Lean mass: 62.7 ± 6.5 kgs 

Simulated aircraft rescue and 
firefighting (ARFF) tasks 

Full SCBA gear Older age, and longer arm 
length had small-to-moderate 
correlations with slower time to 
complete the dummy drag and 
hose drag tasks respectively. A 
strong inverse correlation was 
observed between time to 
complete the simulated ARFF 
emergency protocol for speed at 

Sequential testing 1. 
2. 
3. 
4. 

Hose drag (s) 
Dummy drag (s) 
Stihl saw hold (min) 
Stair climb (s) 

16.5 kgs 

BF%: 21.5 ± 4.6% 
v

. 
O2max: 49.5 ± 6.9 mL·kg·min 

Treadmill test, 3rm bench press, 3rm 
leg press (kg), total grip strength (kg), 
anaerobic step test (max), sit and 
reach, abdominal curl, push ups. 

lactate threshold, anaerobic step 
test performance and v. O2max. 
3RM bench press presented a 
moderate to strong inverse 
correlation to hose drag 
performance time. The 
muscular endurance measure of 
maximal push-ups was 
significantly inversely 
correlated (r = −0.3) with hose 
drag performance time. 
A strong inverse correlation was 
observed between time to 
complete the simulated ARFF 
emergency protocol for speed at 
lactate threshold, anaerobic step 
test performance and v. O2max 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

von Heimburg 
et al. [71] 

Cross-sectional study 
Norway, Trondheim 

14 Part-time male 
firefighters 

Age: 38 ± 9 years 
Height: 1.79 ± 0.07 m 
Weight: 83 ± 11 kgs 
BMI: 26 ± 2 kg·m−2 

Waist circumference: 94 ± 7 cm 
Hip circumference: 102 ± 5 cm 

1. 
2. 

Stair climb 
Six patient Victim drag 

Full PPE and SCBA gear The peak oxygen uptake in 
absolute terms was 18% higher 
in the faster subjects than in the 
slower ones during the rescue. 
The accumulated oxygen uptake 
obtained by integrating the 
oxygen uptake over the whole 
operation was less in the faster 
subjects, both in absolute terms 
(17%) and relative to body mass 

Sequential testing 

Waist-to-hip ratio: 0.92 ± 0.04 
v

. 
O2max: 4.4 ± 0.3 L·min 

v
. 
O2max: 53 ± 5 mL·kg·min 

Treadmill test, leg press, bench press, 
press behind the neck. 

(25%). The faster firefighters 
had an 8% higher v. O2max 
expressed in absolute terms, but 
there was no difference between 
the two groups when the 
v

. 
O2max was expressed relative 

to body mass. The eight faster 
subjects were stronger (13%) 
than the six slower ones in terms 
of the pooled strength index. 

Firefighters with high v. O2max von Heimburg 
et al. [58] 

Cross-sectional study 
Norway, Trondheim 

22 full-time firefighters 23 Males/1 female 
Age: 42 ± 9 vs. 26 years 
Height: 1.82 ± 0.05 vs. 1.69 cm 
Body mass: 85 ± 9 vs. 58 kgs 
BF%: 23 ± 6% vs. 16% 
Lean body mass: 66 ± 6 kgs vs. 49 kgs 
BMI: 26 ± 2 kg·m−2 vs. 20.3 kg·m−2 

Part 1: Full PPE and SCBA gear 
completed the test faster than 1. 

2. 
3. 
4. 

Puzzle 
Balance 
Hose drag 
Hose connection 
and disconnect 
Carrying heavy cans 
Tunnel crawling 

firefighters with lower v. O2max. 

Performance on the Trondheim 
test correlated with the 
measured strength on all three 
strength tests and with the 

Sequential testing 

28 kgs 

5. 
6. 

NLIA treadmill test pooled strength index; the 
stronger participants were 
the fastest Part 2: 

1. Heat chamber 

Part 3: 

1. Retreat 
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Physical Fitness Measures 

Occupational Performance 
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References Sample Testing Procedure Details Outcome 

von Heimburg 
et al. [70] 

Cross-sectional study 
Norway, Trondheim 

43 experienced and 
inexperienced male and 
female firefighters 

Age: 41.4 ± 4.2 years 
Body mass: 84 ± 9.9 kgs 
Height: 1.81 ± 0.06 cm 
BMI: 25.5 ± 2.6 kg·m−2 

BF%: 21.6 ± 5.8% 
LBM: 65.8 ± 5.9 kgs 

Trondheim test 
Part 1: 

Full PPE and SCBA gear The young men performed the 
skill and agility tasks faster than 
the senior firefighters and the 
female applicants. 

Sequential testing 1. 
2. 
3. 
4. 

Puzzle 
Balance 
Hose dragging 
Hose connection 
and disconnect 
Carrying heavy cans 
Tunnel crawling 

23 kgs 

NLIA Tests 5. 
6. 

Part 2: 

1. Heat chamber 

Part 3: 

1. Retreat 

Williford 
et al. [77] 

Cross-sectional study 
USA, Alabama 

91 full-time male 
firefighters 

Age: 31.69 ± 7.39 years 
Height: 177.29 ± 6.38 cm 
Weight: 83.97 ± 10.86 kgs 

Full PPE and SCBA gear Significant correlations (p < 0.01) 
were found between the total 
obstacle course time and the 
following: total grip strength 
(r = −0.54), FFW (r = −0.47), 
height (r = −0.40), pull-ups 
(r = −0.38), push-ups 
(r = −0.38), 1.5 mile run 
(r = −0.38), sit-ups (r = −0.32), 
weight (r = −0.30) and 
BF% (r = 0.30). 
FFW and 1.5 mile run times to 
predict total obstacle course 
time (r = 0.71, r2 = 0.50, 
SE = 99.18 s). 

1. Victim rescue: 
48.10 ± 29.36 
Forcible entry: 
30.44 ± 18.62 
Hoist: 32.11 ± 21.87 
Hose advance: 
19.38 ± 18.88 
Stair climb: 53.53 ± 13.68 

Sequential testing 
BF%: 13.78 ± 4.31% 2. 
v

. 
O2 peak relative: 23 kgs 

45.0 ± 6.0 mL·kg·min 3. 
4. v

. 
O2 peak absolute: 3.75 ± 0.43 L·min 

1.5 mile run (s), Pull-ups, Push-ups 
Sit and reach(cm), Sit ups, Total grip 
strength (kg) 

5. 
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Table 3. Cont. 

Study Design, Setting 
and Sample 

Participant Information and 
Physical Fitness Measures 

Occupational Performance 
Measures 

References Sample Testing Procedure Details Outcome 

Windisch, 
et al. [75] 

Cross-sectional study 
Germany, Munich 

41 full-time male 
firefighters 

Age: 39 ± 9 years 
Height: 179.6 ± 2.3 cm 
Weight: 84.4 ± 9.2 kgs 

1. 
2. 
3. 

Ladder climb: 85 ± 15 s 
Hoist: 35 ± 8 s 
Crawling: 412 ± 96 s 

Full PPE with SCBA gear 
and without SCBA gear 

It can be noted that outstanding 
performers had significantly 
higher v. O2 peak (p = 0.001) and 

BMI: 26.1 ± 2.8 kg·m−2 Sequential tasks significantly lower mean heart 
rates during REPE (p = 0.001) 
while completing the exercise 
faster (p = 0.001) compared to 
average, below average and 
poor performers. 
Aerobic fitness was a significant 
predictor of the speed a 
firefighter can perform the tasks 

An increase in v. O2max 

v
. 
O2max: 45.0 ± 6.0 mL·kg·min 

Treadmill test, leg press, hand grip, 
partial-curl ups, push-ups, shoulder 
press, rowing, standing long jump, sit 
and reach. 

Xu et al. [63] Cross-sectional study 
China, South East 

20 full-time firefighters Age: 25.65 ± 2.97 years; 
Height: 172.4 ± 4.8 cm; 

1. 
2. 

Rope climb 
Run 200 m round trip 
with load 
Run 60 m carrying 
a ladder 
Climb stairs with load 
Evacuation of 400 m 
with supplies 
Run 5 km with an air 
respirator and 
Run 100 m with a 
water hose 

decreased the time to complete 
firefighting tasks. 
Increased BF% increased the 
time to complete each task. 
Increased upper body strength 
the time to complete each 
task decreased. 
Increased lower body strength 
decreased the time to complete 
each task. 

Body mass: 69.0 ± 8.9 kgs 
v

. 
O2: 46.85 mL·kg·min 

BF%: 14.65% 
upper body muscular power: 
675.35 watts 
lower body muscular power: 
1705 watts 

3. 

4. 
5. 

6. 

Cycle ergometer, chest press, sitting 
leg power. 

7. 

Note: Units of measurements: m—meters; cm—centimeters; kgs—kilograms; FFW—fat free weight; v. O2—oxygen consumption; v. O2max—maximum oxygen consumption; BF%— 

bodyfat percentage; kg·m−2—kilograms per meter squared; mL·kg·min.—milliliters per kilogram per minute; L·min—liters per minute; min—minutes; s—seconds; bmp—beats per 
minute. PPE—personal protective equipment; SCBA—self-contained breathing apparatus. 
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3.6. The Effect of Aging, Obesity, Heart Rate and Gender on Occupational Performance 
in Firefighters 

Figure 2 shows the effects of age and obesity on occupational performance in fire- 
fighters. Due to the different methods used to determine firefighters’ performance on 

occupational performance tasks, the standardized mean difference (SMD) was used to 
determine overall effect size. Age had a moderate significant pooled random effect on occu- 

pational performance [SMD = 0.66, 95%CI (0.41, 0.91), Z = 5.15, p < 0.001] [39,58,74,77]. The 

level of heterogeneity was low (I2 = 4%) and there was no evidence of publication bias (Eg- 
ger test p = 0.397). For obesity, there was a large random effect size, that was not statistically 

significant [SMD = 1.89, 95%CI (−2.25, 6.03), Z = 0.90, p = 0.37; I2 = 93%] [57,79] (Figure 3). 

Figure 2. The effect of age and obesity on occupational performance in firefighters [39,57,70,74,77,79]. 

Figure 3. The effect of gender on occupational performance in firefighters. Subgroup analysis on the 

weight of PPE. 
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Gender had a large effect size on occupational performance, indicating that males 

performed significantly better, which was statistically significant [SMD = −2.00, 95%CI 

(−2.50, −0.63), Z = 4.24, p < 0.001] [39,64,70,72,86] (Figure 3); with considerable heterogene- 
ity between the studies, and no evidence of publication bias (p = 0.217 for the Egger test). 
In subgroup analysis according to the weight of PPE, there was no heterogeneity between 

studies that used equipment weighing less than 22 kgs in total (I2 = 0%); while the total 

effect decreased, the overall effect remained large [SMD = −1.49, 95%CI (−1.97, −1.01), Z 
= 6.06, p < 0.001]. 

3.7. Correlation between Obesity, Aging and Resting Heart Rate on Occupational Performance 

In Table 4, there was a low positive correlation between BF% and occupational time 
(R = 0.316, p < 0.001) [30,42,57,60,65,73,74,77,80]. There was moderate heterogeneity be- 

tween studies (I2 = 54.51%). In subgroups analyses, the correlation between BF% and 
completion time increased for all subgroups and was highest for the subgroups of males 
only (R = 0.413, p < 0.001) and full-time firefighters only (R = 0.388, p < 0.001). In ad- 

dition, these subgroups had the least heterogeneity present (I2 ≤ 16.4%). There was 
a modest positive correlation between age and occupational performance (R = 0.224, 
p < 0.001) [30,57,65,66,69,74,77,80]. There was moderate-to-substantial heterogeneity present 

between studies (I2 = 74.1%). The correlation coefficient increased in studies that included 
either only male firefighters (R = 0.282, p < 0.001) or full-time firefighters (R = 0.323, p < 0.001) 
for the association between age and occupational performance. In addition, heterogeneity 
significantly decreased to 32.5% in male only studies and 0% in full-time firefighters’ stud- 
ies. There was a low positive correlation between heart rate and occupational performance 
in firefighters (R = 0.387, p < 0.001), with no evidence of heterogeneity [57,73]. 

3.8. Correlation between Fitness Parameters and Occupational Performance 

In Table 5, there was a significant moderate negative correlation between cardiorespi- 
ratory fitness and completion times (R = −0.584, p < 0.001) [28,30,58,60,64–66,68,70,72,80]; 

with substantial heterogeneity between the five studies (I2 = 72.9%). In subgroup analysis, 
studies where cardiorespiratory fitness was determined through gas analysis, and studies 

that only included male firefighters were more homogenous (I2 = 0.0% and I2 < 9.9%). 
However, the strongest correlation was present between studies that included only gas 
analysis to determine cardiorespiratory fitness (R = −0.672, p < 0.001). Upper body en- 
durance had a significant low negative correlation with completion times (R = −0.344, 

p < 0.001; I2 = 0%) [30,57,66,70,73,77,80]. After subgroup analysis the highest correlation 
(R = −0.363, p < 0.001) [30,57,66,70,73,77] was present between upper body endurance and 
completion times studies where the weight of PPE was over 22 kgs. There was a significant 
low negative correlation between abdominal endurance and completion times (R = −0.308, 

p < 0.001; I2 = 0%) [30,42,57,65,66,73,77,80]. 
For strength, there was a significant low negative correlation between grip strength 

and completion times (R = −0.421, p < 0.001; I2 = 68.6%) [30,42,57,72,77,80]. Subgroup 
analysis did not explain the heterogeneity between studies; however, the highest correlation 
between grip strength and completion times when the weight of PPE was above 22 kgs (R 
= −0.473, p < 0.001). There was a significant low correlation between upper body strength 

and completion times (R = −0.318, p < 0.001; I2 = 57.7%) [30,42,57,66,72,73,80]. In subgroup 
analysis studies that included five or more tasks that were sequential were more 

homogenous (I2 = 5.1%). The highest correlation was found between upper body strength 
and occupational performance where studies only included male firefighters (R = −0.374, 
p < 0.001). Lower body strength had a significant negligible negative correlation with 

completion times (R = −0.216, p = 0.020; I2 = 0%) [42,57,73]. 
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Table 4. The correlation between age, obesity and heart rate and occupational task performance in firefighters. 

Heterogeneity I2; 
Cohen’s Q; p 

No. of 
Studies 

No. of 
Participants 

Egger’s Test 
Intercept (95%CI); p 

Begg’s Test 
(τ; p) 

Outcome R (95% CI) Z Score p (Overall Effect) 

Age 
Five or more tasks 
Males only 
Weight 
Full-time only 

8 
5 
6 
5 
5 

944 
639 
416 
749 
327 

0.224 (0.162 to 0.284) 
0.199 (0.0425 to 0.346) 
0.282 (0.167 to 0.390) 

0.286 (0.0968 to 0.455) 
0.323 (0.220 to 0.418) 

3.834 
2.484 
4.675 
2.927 
5.912 

<0.001 ** 
0.004 ** 

<0.001 ** 
0.003 ** 

<0.001 ** 

74.1%; 27.0136; <0.001 
71.1%; 13.85; 0.008 
32.5%; 7.41; 0.191 

83.9%; 24.90; <0.001 
0.0%; 3.68; 0.452 

2.33 (−2.36–7.02); 0.269 
4.18 (−2.14–10.48); 0.126 
2.82 (−5.30–10.95); 0.389 
3.69 (−6.39–13.77); 0.329 
1.47 (−0.70–9.95); 0.621 

0.18; 0.529 
0.53; 0.197 
0.41; 0.243 
0.20; 0.624 
0.40; 0.327 

Obesity 
Five or more tasks 
Males only 
Sequential testing 
Weight of PPE 
Full-time only 

9 
5 
6 
6 
7 
6 

876 
572 
348 
614 
770 
512 

0.316 (0.254 to 0.375) 
0.350 (0.184 to 0.496) 
0.413 (0.319 to 0.498) 
0.368 (0.218 to 0.501) 
0.354 (0.228 to 0.468) 
0.388 (0.310 to 0.460) 

6.432 
4.007 
7.933 
4.601 
5.253 
9.095 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 

54.5%; 17.59; 0.025 
71.8%; 14.18; 0.007 
0.0%; 5.65; 0.463 

69.1%; 16.19; 0.006 
62.4%; 15.94; 0.014 
16.4%; 5.98; 0.308 

1.79 (−0.49–4.07); 0.106 
3.48 (−1.66–8.62); 0.120 
0.19 (−3.53–3.91); 0.901 
3.43 (−0.01–6.88); 0.051 
1.72 (−1.44–4.89); 0.220 
0.54 (−3.21–4.28); 0.712 

0.14; 0.597 
0.60; 0.142 
0.09; 0.758 
0.47; 0.189 
0.19; 0.538 
0.33; 0.348 

Heart rate 2 110 0.398 (0.226 to 0.547) 4.301 <0.001 ** 0.0%; 0.41; 0.521 2.74 (–); <0.001 1.00; 0.317 

Note: ** indicates statistical significance <0.01. (–)—indicates insufficient studies to calculate Egger’s test result. PPE—personal protective equipment.; italics—indicates subgroup analysis. 
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3.9. Correlation between Obesity and Age on Individual Task Performance in Firefighters 

In Table 6, there was a significant low positive correlation between BF% and stair 

climb times (R = 0.489, p < 0.001; I2 = 39.2%) [30,42,57,60,76,77]. In subgroup analysis there 
was no heterogeneity between studies where the weight of PPE was above 22 kgs and 
where five or more tasks were performed. In addition, there was a moderate positive 
correlation between BF% and stair climb times (R = 0.514, p < 0.001) [42,57,60,76,77] when 
the weight of PPE was more than 22 kgs, and when five or more tasks were performed (R 
= 0.537, p < 0.001) [57,77]. There was a significant low positive correlation between BF% and 
hose drag time (R = 0.241, p < 0.001) [30,42,57,60,77], between BF% and victim rescue (R = 
0.254, p < 0.001) [30,42,57,60,77], BF% and forcible entry (R = 0.285, p < 0.001) [77,86], 
and between BF% and equipment hoist (R = 0.197, p = 0.041) times [42,77]. There was no 
heterogeneity for the studies included in the meta-analysis for the hose drag, victim rescue 
and equipment hoist. The highest correlation was present between BF% and hose drag 
when the weight of PPE was 22 kgs or above (R = 0.255, p < 0.001) [42,57,60,77]. For forcible 
entry, moderate heterogeneity was present between studies. There was a significant low 

correlation between age and stair climb time (R = 0.345, p < 0.001; I2 = 62.3%) [30,69,76,77]. 
After subgroup analysis on studies including only full-time firefighters there was 0.0% 
heterogeneity present. 

For age, there was a low positive correlation between age and stair climb times 

(R = 0.345, p < 0.001; I2 = 62.3%) [30,69,76,77]. After subgroup analysis, 0.0% heterogeneity 
was present when studies that analysed full-time male firefighters only were included. In 
addition, the correlation was strongest between age and stair climb times when studies that 
included only full-time male firefighters were analysed (R = 0.434, p < 0.001) [30,69,77]. 

3.10. Correlation between Physical Fitness and Individual Task Performance 

In Table 7, there was a significant low negative correlation between cardiorespiratory 

fitness and stair climb times (R = −0.421, p = 0.004; I2 = 82.9%) [30,31,61,65]. After subgroup 
analysis, there was a significant moderate negative correlation between cardiorespiratory 
fitness and stair climb times (R = −0.513, p < 0.001) [31,61,65], but considerable hetero- 
geneity remained. There was a significant negative correlation between cardiorespiratory 

fitness and victim rescue (R = −0.320, p = 0.003; I2 = 57.1%) [30,61,65,66] and between 

cardiorespiratory fitness and hose drag times (R = −0.197, p = 0.046; I2 = 38.1%) [30,31,66]. 
In subgroup analysis, there was no heterogeneity between studies where the weight of PPE 
was above 22 kgs for victim rescue and hose drag. 

There was a significant low negative correlation between upper body endurance and 

stair climb times (R = −0.408, p < 0.001; I2 = 0.0%) [30,57,77] (Table 7). Subgroup analysis 
was performed on equipment weighing over 22 kgs, which increased the strength of the cor- 
relation between studies (R = −0.436, p < 0.001) [57,77]. There were significant low negative 

correlations between upper body endurance and hose drag times (R = −0.260, p < 0.001; I2 

= 0.0%) [30,57,66,77], victim rescue times (R = −0.200, p = 0.026; I2 = 55.2%) [30,57,66,77] 

and forcible entry times (R = −0.247, p = 0.006; I2 = 51.1%) [57,66,77]. There was homo- 
geneity between studies investigating upper body endurance and hose drag times, and 
moderate heterogeneity present between upper body endurance and victim rescue and 

forcible entry times (I2 = 55.2% and I2 = 51.1%, respectively). Subgroup analysis did not 
explain the heterogeneity between studies. However, there was no evidence of publi- 
cation bias present for victim rescue (Egger’s test p = 0.536) or forcible entry (Egger’s 
test p = 0.109). 
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Table 5. The correlation between physical fitness and occupational performance in firefighters. 

Heterogeneity I2; 
Cohen’s Q; p 

No. of 
Studies 

No. of 
Participants 

Egger’s Test 
Intercept (95%CI); p 

Begg’s Test 
(τ; p) 

Outcome R (95% CI) Z Score p (Overall Effect) 

Cardiorespiratory fitness 
Gas analysis 
Sequential tasks 
Five or more tasks 
Males 
Males and females 
Weight of PPE 
Full-time only 

11 
5 
8 
6 
7 
4 
7 
7 

946 
207 
635 
525 
281 
665 
678 
449 

−0.584 (−0.671 to −0.482) 
−0.672 (−0.743 to −0.587) 
−0.589 (−0.682 to −0.476) 
−0.571 (−0.680 to −0.438) 
−0.596 (−0.675 to −0.505) 
−0.566 (−0.709 to −0.378) 
−0.551 (−0.660 to −0.419) 
−0.605 (−0.729 to −0.443) 

−9.132 
−11.295 
−8.390 
−7.074 
−10.260 
−5.161 
−7.005 
−6.094 

<0.001 ** 
<0.001 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 

72.9%; 36.96; <0.001 
0.0%; 3.98; 0.407 

64.1%; 19.49; 0.007 
61.9%; 13.11; 0.022 
9.9%; 6.66; 0.353 

88.2%; 25.46; <0.001 
68.3%; 18.94; 0.004 

75.0%; 24.0390; <0.001 

−2.52 (−4.80 to 0.23); 0.034 
1.17 (−3.72 to 6.07); 0.501 
−2.05 (−4.65 to 0.53); 0.099 
−1.99 (−4.88 to 0.91); 0.129 
−0.72 (−4.04 to 2.59); 0.599 
−7.31 (−15.92 to 1.29); 0.067 
−2.15 (−4.61 to 0.31); 0.075 
−2.39 (−0.60 to 1.25); 0.152 

−0.18; 0.432 
0.40; 0.327 
−0.29; 0.322 
−0.33; 0.348 
−0.19; 0.538 
−0.33; 0.497 
−0.09; 0.758 
0.00; 1.000 

Upper body endurance 
Weight of PPE 
Full−time only 

6 
4 
4 

387 
256 
268 

−0.344 (−0.430 to −0.251) 
−0.363 (−0.467 to −0.250) 
−0.324 (−0.430 to −0.209) 

−6.886 
−5.949 
−5.318 

<0.001 ** 
<0.002 ** 
<0.001 ** 

0.0%; 3.49; 0.624 
0.0%; 1.3; 0.770 

1.9%; 3.06; 0.383 

1.13 (−4.07 to 6.33); 0.579 
−7.6 (−8.63 to 7.11); 0.717 
4.30 (−9.22 to 17.82); 0.305 

0.33; 0.348 
−0.33; 0.497 
0.33; 0.497 

Abdominal endurance 
Five or more tasks 
Sequential tasks 
Males only 
Weight of PPE 
Full-time only 

8 
5 
5 
5 
5 
5 

871 
587 
254 
323 
740 
446 

−0.308 (−0.367 to −0.246) 
−0.333 (−0.403 to −0.258) 
−0.320 (−0.428 to −0.202) 
−0.349 (−0.443 to −0.247) 
−0.296 (−0.361 to −0.229) 
−0.294 (−0.377 to −0.205) 

−9.256 
−8.267 
−5.121 
−6.391 
−8.212 
−6.284 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 

0.0%; 3.62; 0.822 
0.0%; 2.22; 0.696 
0.0%; 1.60; 0.808 
0.0%; 2.01; 0.733 
0.0%; 2.38; 0.795 
0.0%; 1.82; 0.768 

−0.05 (−1.65 to 1.54); 0.939 
−0.9 (−3.33 to 3.13); 0.929 
1.38 (−1.35 to 4.11); 0.206 
2.24 (−1.36 to 5.8); 0.142 

0.09 (−1.89 to 2.09); 0.089 
−0.52 (−3.22 to 2.18); 0.584 

0.14; 0.621 
0.00; 1.000 
0.60; 0.142 
0.60; 0.142 
0.07; 0.851 
0.00; 1.000 

Grip strength 
Five or more tasks 
Males only 
Weight of PPE 
Full-time only 

6 
4 
5 
5 
4 

258 
502 
258 
522 
225 

−0.421 (−0.602 to −0.198) 
−0.439 (−0.578 to −0.274) 
−0.421 (−0.602 to −0.198) 
−0.473 (−0.604 to −0.317) 
−0.406 (−0.625 to −0.127) 

−5.086 
−4.882 
−3.542 
−5.420 
−2.790 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
0.005 ** 

68.6%; 15.92; 0.007 
68.9%; 9.67; 0.022 

71.1%; 13.84; 0.008 
66.9%; 12.07; 0.017 
77.5; 13.31; 0.004 

0.59 (−4.30 to 5.48); 0.754 
1.39 (−9.64 to 12.42); 0.642 
0.59 (−430 to 5.48); 0.754 
−0.11 (−6.30 to 6.09); 0.959 
−1.38 (−21.05 to 18.29); 0.791 

−0.07; 0.851 
0.67; 0.174 
−0.07; 0.851 
−0.20; 0.624 
0.00; 1.000 

Upper body strength 
Five or more tasks 
Sequential tasks 
Males only 
Weight of PPE 
Full-time only 

8 
5 
6 
6 
6 
5 

814 
530 
572 
286 
683 
389 

−0.318 (−0.380 to −0.254) 
−0.374 (−0.446 to −0.298) 
−0.357 (−0.428 to −0.283) 
−0.421 (−0.540 to −0.266) 
−0.339 (−0.449 to −0.219) 
−0.313 (−0.470 to −0.137) 

−5.756 
−8.931 
−8.802 
−5.183 
−5.321 
−3.409 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
0.001 ** 

57.7%; 16.53; 0.207 
5.1; 4.21; 0.378 
28.7; 7.01; 0.219 

42.4%; 8.68; 0.122 
50.2; 10.04; 0.074 
57.5%; 9.40; 0.052 

−1.51 (−4.29 to 1.27); 0.232 
−1.26 (−4.36 to 1.85); 0.288 
−0.42 (−3.82 to 2.98); 0.750 
−0.83 (−6.93 to 5.28); 0.726 
−1.89 (−4.52 to 0.74); 0.116 
−2.40 (−6.17 to 1.37); 0.136 

−0.29; 0.320 
−0.20; 0.624 
−0.06; 0.851 
−0.20; 0.573 
−0.60; 0.091 
−0.80; 0.050 

Lower body strength 
Five or more tasks 
Full-time only 

3 
2 
2 

122 
102 
92 

−0.216 (−0.383 to −0.0349) 
−0.201 (−0.383 to −0.003) 
−0.236 (−0.424 to −0.029) 

−2.331 
−1.992 
−2.232 

0.020 * 
0.046 * 
0.026 * 

0.0%; 0.27; 0.876 
0.0%; 0.10; 0.749 
0.0%; 0.10; 0.751 

−0.22 (−12.99 to 12.55); 0.863 
1.01 (–); <0.001 
−0.70 (–); <0.001 

−0.33; 0.602 
1.00; 0.317 
−1.00; 0.317 

Flexibility 4 233 −0.099 (−0.227 to 0.032) −1.479 0.139 0.0%; 2.05; 0.560 −2.58 (−8.81 to 3.64); 0.216 −0.67; 0.174 

Note: * indicates statistical significance <0.05; ** indicates statistical significance <0.01. (–)—indicated insufficient studies present to perform Egger’s test. PPE—personal protective 
equipment; italics – indicates subgroup analysis. 
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Table 6. The correlation between obesity and age, and individual task performance. 

Heterogeneity I2; 
Cohen’s Q; p 

No. of 
Studies 

No. of 
Participants 

Egger’s test 
Intercept (95%CI); p 

Begg’s Test 
(τ; p) 

Outcome R (95% CI) Z Score p (Overall Effect) 

Obesity 
Stair climb 
Five or more tasks 
Sequential tasks 
Males only 
Weight of PPE 
Full-time only 

6 
2 
4 
5 
4 
4 

304 
160 
222 
242 
200 
222 

0.489 (0.361 to 0.599) 
0.537 (0.416 to 0.640) 
0.485 (0.375 to 0.581) 
0.468 (0.308 to 0.577) 
0.514 (0.401 to 0.611) 
0.435 (0.259 to 0.583) 

6.696 
7.453 
7.670 
7.654 
7.789 
4.543 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 

39.2%; 8.23; 0.144 
0.0%; 0.12; 0.729 

36.8%; 4.75; 0.191 
33.6%; 6.02; 0.197 
0.0%; 2.07; 0.557 

48.9%; 5.8771; 0.118 

−1.98 (−6.92 to 2.97); 0.33 
3.43 (–); <0.001 

−1.26 (−12.73 to 10.21); 0.682 
−1.78 (−7.33 to 3.78); 0.383 
−1.29 (−6.31 to 3.73); 0.385 
−3.45 (−11.86 to 4.96); 0.219 

−0.28; 0.44 
1.00; 0.317 
−0.33; 0.497 
−0.32; 0.439 
−0.18; 0.709 
−0.33; 0.497 

Hose drag 
Five or more tasks 
Sequential tasks 
Weight of PPE 
Full-time only 

5 
2 
4 
4 
4 

242 
160 
222 
200 
222 

0.241 (0.095 to 0.378) 
0.231 (−0.004 to 0.442) 
0.249 (0.0702 to 0.412) 
0.255 (0.117 to 0.383) 
0.206 (0.073 to 0.3310 

3.580 
1.926 
2.710 
3.577 
3.022 

<0.001 ** 
0.054 

0.007 ** 
<0.001 ** 
0.003 ** 

19.5%; 4.97; 0.290 
55.8%; 2.26; 0.133 
39.6%; 4.97; 0.174 
31.5%; 4.38; 0.223 
0.0%; 2.59; 0.458 

1.54 (−3.59 to 6.66); 0.411 
14.85 (–); <0.001 

2.46 (−7.39 to 12.31); 0.395 
1.81 (−5.65 to 9.26); 0.407 
0.27 (−8.63 to 9.18); 0.908 

0.53; 0.197 
1.00; 0.317 
0.67; 0.174 
0.55; 0.264 
0.33; 0.497 

Victim drag 
Five or more tasks 
Sequential tasks 
Males only 
Weight of PPE 
Full-time only 

5 
2 
4 
5 
4 
4 

242 
160 
222 
242 
200 
222 

0.254 (0.129 to 0.371) 
0.280 (0.129 to 0.419) 
0.244 (0.113 to 0.366) 
0.254 (0.129 to 0.371) 
0.275 (0.138 to 0.401) 
0.266 (0.136 to 0.386) 

3.915 
3.575 
3.601 
3.915 
3.864 
3.946 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 

0.0%; 1.51; 0.825 
0.0%; 0.22; 0.639 
0.0%; 1.15; 0.765 
0.0%; 1.51; 0.825 
0.0%; 0.99; 0.805 
0.0%; 1.08; 0.782 

−0.35 (−3.51 to 2.81); 0.746 
4.52 (–); <0.001 

−1.45 (−5.45 to 2.56); 0.261 
−0.35 (−3.51 to 2.81); 0.746 
−0.16 (−4.53 to 4.2); 0.886 
0.38 (−5.27 to 6.03); 0.801 

−0.11; 0.796 
1.00; 0.317 
−0.33; 0.497 
−0.11; 0.796 
0.18; 0.709 
0.00; 1.000 

Forcible entry 
Equipment hoist 
Age 
Stair climb 
Sequential tasks 
Full-time male firefighters 
Hose drag 
Victim rescue 
Forcible entry 

2 
2 

160 
111 

0.285 (0.135 to 0.423) 
0.197 (0.008 to 0.372) 

3.639 
2.044 

<0.001 ** 
0.041 * 

24.1%; 0.1.32; 0.251 
0.0%; 0.65; 0.419 

11.51 (–); <0.001 
−1.58 (–); <0.001 

1.00; 0.317 
−1.00; 0.317 

4 
2 
3 
3 
3 
2 

324 
133 
174 
222 
222 
180 

0.345 (0.166 to 0.502) 
0.431 (0.280 to 0.562 
0.434 (0.302 to 0.549) 

0.0403 (0.094 to 0.173) 
0.147 (−0.079 to 0.359) 

0.0318 (−0.116 to 0.178) 

3.669 
5.201 
5.963 
0.589 
1.280 
0.419 

<0.001 ** 
<0.001 ** 
<0.001 ** 

0.556 
0.200 
0.675 

62.3%; 7.74; 0.052 
7.7; 1.08; 0.298 

0.0%; 1.09; 0.581 
0.0%; 0.26; 0.889 

62.8%; 5.37; 0.068 
0.0%; 0.08; 0.771 

2.72 (−9.94 to 15.38); 0.453 
−3.74 (–); <0.001 

−2.26 (−27.04 to 22.53); 0.454 
0.46 (−19.37 to 20.29); 0.817 
6.62 (−44.75 to 57.99); 0.349 

35.74 (–); <0.001 

0.33; 0.497 
−1.00; 0.317 
−0.33; 0.602 
−0.33; 0.602 
0.33; 0.602 
1.00; 0.317 

Note: * indicates statistical significance <0.05; ** indicates statistical significance <0.01. (–)—indicates insufficient studies to calculate Egger’s test result. PPE—personal protective 
equipment.; italics—indicates subgroup analysis. 
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There was a significant low negative correlation between abdominal endurance and 

stair climb times (R = −0.415, p < 0.001; I2 = 25.7%) [30,42,57,61,77] (Table 6). After subgroup 

analysis there was no heterogeneity present where the weight of PPE over 22 kgs (I2 = 0.0%) 

and five or more tasks were performed (I2 = 0.0%). In addition, the correlation was highest 
for the studies where the weight of PPE was above 22 kgs (R = −0.452, p < 0.001) [42,57,61,77] 
and five or more tasks were performed (R = −0.472, p < 0.001) [57,61,77]. There were 
significant negligible negative correlations between abdominal endurance and hose drag 

times (R = −0.230, p < 0.001; I2 = 17.3%) [30,42,57,66,77], between abdominal endurance 

and victim rescue times (R = −0.119, p = 0.039; I2 = 41.4%) [30,42,57,61,66,77] and between 

abdominal endurance and forcible entry times (R = −0.195, p = 0.002; I2 = 0.0%) [57,66,77]. 

After subgroup analysis, heterogeneity was reduced (I2 = 0.0% and I2 = 29.1%, respectively), 
for hose drag and victim drag times when controlling for studies that used five or more 
tasks and tasks that were performed sequentially. 

There was a significant low negative correlation between grip strength and hose drag 
times (R = −0.378, p = 0.005) [30,31,42,57,61,77]. There was substantial heterogene- ity 

present between studies (I2 = 78.9%), without evidence of publication bias (Eggar’s test p 
= 0.379). After subgroup analysis where five or more tasks were performed, het- 

erogeneity was reduced (I2 = 42.5%) [57,77], but moderate heterogeneity remained. The 
highest correlation (R = −0.442, p = 0.005) [31,42,57,77] was present between grip strength 
and hose drag time where the weight of PPE was more than 22 kgs. There was a sig- 
nificant moderate negative correlation between grip strength and victim rescue time 

(R = −0.578, p < 0.001) [30,31,42,57,77], with substantial heterogeneity between studies (I2 

= 68.2%). After subgroup analysis, heterogeneity was reduced (I2 = 35.5%) when full-
time male firefighters only were included [30,42,57,77]. In addition, after subgroup 
analysis, there was a moderate negative corelation between grip strength and victim rescue 
(R = −0.609, p = 0.049) [42,57,61,77] when equipment weighed more than 22 kgs. There 
were significant low negative correlations between grip strength and forcible entry times 

(R = −0.426, p = 0.001; I2 = 67.2%) [57,77] and between grip strength and equipment hoist 

times (R = −0.420, p = 0.039; I2 = 64.8%) [57,77]. 
There was a significant moderate negative correlation between upper body strength 

and hose drag times (R = −0.544, p = 0.001) [30,31,42,57], with substantial heterogene- ity 

present (I2 = 71.9%). After subgroup analysis there was no heterogeneity present (I2 = 
0.0%) [30,57], where five or more sequential tasks were performed. In addition, af- ter 
subgroup analysis, performed there was a moderate negative correlation between upper 
body strength and victim rescue times (R = −0.609, p = 0.049) [42,57] when the weight of 

PPE was more than 22 kgs. However, considerable heterogeneity was present (I2 = 85.9%). 
There was a significant low negative correlation between upper body strength and victim 

rescue times (R = −0.350, p = 0.012; I2 = 56.1%) [30,42,57]. After subgroup analysis, no 

heterogeneity was present (I2 = 0.0%) [30,57], when five or more sequential tasks were 
performed. 

There were significant low negative correlations between lower body strength and 
hose drag times (R = −0.244, p = 0.001) [30,31,42,57], and between lower body strength and 
victim rescue times (R = −0.254, p = 0.004) [30,42,57], with studies being homogenous. There 
was a significant negligible negative correlation between flexibility and stair climb times 

(R = −0.190, p = 0.030) [30,77], with low heterogeneity present between studies (I2 = 
11.4%). 
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Table 7. The correlation between physical fitness and individual task performance. 

Heterogeneity I2; 
Cohen’s Q; p-Value 

No. of 
Studies 

No. of 
Participants 

Egger’s test 
Intercept (95%CI); p 

Begg’s Test 
(τ; p) 

Outcome R (95% CI) Z Score p (Overall Effect) 

Cardiorespiratory fitness 

Stair climb 
Sequential testing 
Weight of PPE 
Full-time only 

4 
3 
3 
2 

351 
302 
309 
91 

−0.421 (−0.639 to −0.140 
−0.451 (−0.702 to −0.100) 
−0.513 (−0.680 to −0.296) 
−0.214 (−0.406 to −0.005) 

−2.856 
−2.472 
−4.244 
−2.007 

0.004 ** 
0.013 * 

<0.001 ** 
0.045 * 

82.9%; 17.55;<0.001 
85.4%; 13.69; 0.001 
70.7%; 6.81; 0.033 
5.8%; 1.06; 0.303 

4.39 (−4.24 to 13.03); 0.159 
−8.39 (−254.21 to 237.44); 0.739 

3.13 (−23.58 to 29.83); 0.377 
17.68 (–); <0.001 

0.33; 0.497 
−0.33; 0.602 
0.33; 0.602 
1.00; 0.317 

Hose drag 
Five or more and Sequential 
Weight of PPE 

3 
2 
2 

180 
131 
138 

−0.197 (−0.376 to −0.004) 
−0.138 (−0.415 to 0.163) 
−0.278 (−0.427 to −0.114) 

−1.997 
−0.897 
−3.279 

0.046 * 
0.370 

0.001 ** 

38.1%; 3.23; 0.198 
61.9%; 2.62; 0.105 
0.0%; 0.04; 0.839 

3.64 (−55.99 to 63.26); 0.580 
5.98 (–); <0.001 
0.93 (–); <0.001 

1.00; 0.117 
1.00; 0.317 
−1.00; 0.317 

Victim drag 
Five or more tasks 
Sequential tasks 
Males only 
Weight of PPE 
Full-time only 
Saw hold 

4 
2 
3 
2 
2 
3 
2 

391 
127 
169 
131 
260 
353 
80 

−0.356 (−0.500 to −0.194) 
−0.384 (−0.525 to −0.223) 
−0.300 (−0.504 to −0.066) 
−0.220 (−0.482 to 0.079) 
−0.452 (−0.544 to −0.349) 
−0.320 (−0.501 to −0.113) 

0.301 (−0.601 to 0.074) 

−4.146 
−4.450 
−2.488 
−1.449 
−7.757 
−2.977 
−1.580 

<0.001 ** 
<0.001 
0.013 * 
0.147 

<0.001 ** 
0.003 ** 

0.114 

57.1; 6.99; 0.072 
0.0%; 0.69; 0.406 

55.6%; 4.50; 0.105 
61.6%; 2.60; 0.107 
0.0%; 0.05; 0.817 

69.3%; 6.61; 0.039 
64.8%; 2.84; 0.092 

2.09 (−6.87 to 11.05); 0.421 
−2.72 (–); <0.001 

0.88 (−73.51 to 75.27); 0.905 
5.95 (–); <0.001 
−4.41 (–); <0.001 

4.37 (−6.36 to 15.14); 0.122 
−44.09 (–); <0.001 

0.33; 0.497 
−1.00; 0.317 
−0.33; 0.602 
1.00; 0.317 
−1.00; 0.317 
1.00; 0.117 
−1.00; 0.317 

Upper body endurance 

Stair climb 
Weight of PPE 

3 
2 

205 
163 

−0.408 (−0.518 to −0.285) 
−0.436 (−0.553 to −0.301) 

−6.061 
−5.850 

<0.001 ** 
<0.001 ** 

0.0%; 1.28; 0.527 
0.0%; 0.37; 0.541 

3.93 (−9.22 to 17.07); 0.164 
7.13 (–); <0.001 

1.00; 0.1172 
1.00; 0.3173 

Hose drag 
Weight of PPE 
Full-time only 

4 
2 
3 

294 
205 
163 

−0.290 (−0.393 to −0.180) 
−0.290 (−0.413 to −0.157) 
−0.266 (−0.404 to −0.115) 

−5.010 
−4.183 
−3.410 

<0.001 ** 
<0.001 ** 
0.001 ** 

0.0%; 0.56; 0.905 
0.0%; 0.56; 0.754 
0.0%; 0.00; 0.947 

−2.15 (−6.03 to 1.72); 0.139 
0.78 (–); <0.001 

−2.48 (−15.86 to 10.89); 0.256 

−0.33; 0.497 
1.00; 0.317 
−0.33; 0.602 

Victim rescue 
Weight of PPE 
Full-time only 

4 
2 
3 

294 
163 
205 

−0.200 (−0.363 to −0.025) 
−0.197 (−0.537 to 0.197) 
−0.183 (−0.420 to 0.077) 

−2.23 
−0.980 
−1.383 

0.026 * 
0.327 
0.167 

55.2%; 6.69; 0.083 
84.5%; 6.44; 0.011 
69.9; 6.63; 0.036 

4.01 (−19.23 to 27.24); 0.536 
29.60 (–); <0.001 

4.30 (−99.57 to 108.17); 0.692 

0.67; 0.174 
1.00; 0.317 
0.33; 0.602 

Forcible entry 
Weight of PPE and full-time 

3 
2 

252 
163 

−0.247 (−0.407 to −0.072) 
−0.220 (−0.488 to 0.086) 

−2.743 
−1.411 

0.006 ** 
0.158 

51.1%; 4.09; 0.129 
74.3%; 3.88; 0.049 

21.43 (−25.53 to 68.39); 0.109 
22.98 (–); <0.001 

1.00; 0.117 
1.00; 0.317 

Abdominal endurance 

Stair climb 
Five or more tasks and 
sequential 
Full-time Males firefighters 
Weight of PPE 

5 
3 

262 
200 

−0.415 (−0.512 to −0.306) 
−0.472 (−0.574 to −0.354) 

−6.933 
−7.079 

<0.001 ** 
<0.001 ** 

25.7%; 5.38; 0.250 
0.0%; 1.12; 0.572 

1.51 (−5.21 to 8.22); 0.526 
−3.07 (−21.12 to 14.99); 0.276 

0.00; 1.00 
−1.00; 0.117 

3 
4 

224 
220 

−0.388 (−0.496 to −0.268) 
−0.452 (−0.554 to −0.338) 

−5.962 
−7.035 

<0.001 ** 
<0.001 ** 

22.8%; 3.88; 0.274 
0.0%; 2.52; 0.473 

2.53 (−5.17 to 10.23); 0.293 
4.73 (−49.98 to 59.44); 0.470 

0.33; 0.497 
0.33; 0.602 
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Table 7. Cont. 

Heterogeneity I2; 
Cohen’s Q; p-Value 

No. of 
Studies 

No. of 
Participants 

Egger’s test 
Intercept (95%CI); p 

Begg’s Test 
(τ; p) 

Outcome R (95% CI) Z Score p (Overall Effect) 

Hose drag 
Five or more tasks 
Sequential tasks 
Weight of PPE 
Full-time firefighters 

5 
3 
4 
2 
4 

313 
251 
293 
182 
224 

−0.230 (−0.334 to −0.120) 
−0.253 (−0.367 to −0.132) 
−0.256 (−0.361 to −0.143) 
−0.157 (−0.367 to 0.068) 
−0.201 (−0.326 to −0.069) 

−4.034 
−4.029 
−4.381 
−1.374 
−2.961 

<0.001 ** 
<0.001 ** 
<0.001 ** 

0.169 
0.003 ** 

17.3%; 4.83; 0.305 
0.0%; 1.05; 1.000 
0.0%; 1.06; 0.786 

48.8%; 3.91; 0.142 
27.9%; 4.16; 0.245 

2.61 (−2.40 to 7.62); 0.196 
−5.72 (−116.29 to 104.85); 0.629 
−0.92 (−10.99 to 9.14); 0.732 

3.11 (25.36 to 31.59); 0.397 
2.41 (−6.16 to 10.97); 0.350 

0.40; 0.327 
−0.33; 0.602 

0.00; 1.00 
0.33; 0.602 
0.33; 0.497 

Victim drag 
Five or more Tasks 
Sequential tasks 
Males only 
Weight of PPE 
Full-time 

6 
4 
5 
4 
4 
4 

351 
289 
331 
271 
220 
224 

−0.151 (−0.290 to −0.006) 
−0.189 (−0.342 to −0.027) 
−0.176 (−0.281 to −0.068) 
−0.113 (−0.231 to 0.008) 
−0.137 (−0.366 to 0.108) 
−0.0845 (−0.248 to 0.084) 

−2.044 
−2.276 
−3.165 
−1.834 
−1.098 
−0.984 

0.041 * 
0.023 

0.002 ** 
0.067 
0.272 
0.325 

41.4%; 8.52; 0.129 
46.6%; 5.62; 0.132 
29.1%; 5.64; 0.228 
34.3%; 4.57; 0.206 
64.7%; 8.50; 0.037 
30.4%; 4.31; 0.230 

1.01 (−5.24 to 7.27); 0.677 
−3.96 (−21.81 to 13.89); 0.441 
−2.37 (−11.97 to 7.22); 0.489 

3.33 (-.345 to 10.12); 0.169 
1.16 (−14.11 to 16.44) 

2.58 (−5.77 to 10.93); 0.315 

0.33; 0348 
0.00; 1.00 
0.00; 1.00 

1.00; 0.042 
0.33; 0.497 
0.67; 0.174 

Forcible entry 
Weight of PPE 

3 
2 

251 
162 

−0.195 (−0.313 to −0.072) 
−0.160 (−0.308 to −0.004) 

−3.081 
−2.012 

0.002 ** 
0.044 * 

0.0%; 1.39; 0.499 
0.0%; 0.79; 0.374 

11.35 (−35.85 to 58.56); 0.201 
9.78 (–); <0.001 

0.33; 0.602 
1.00; 0.317 

Equipment hoist 
Saw hold 

2 
2 

111 
80 

−0.168 (−0.400 to 0.167) 
0.252 (−0.300 to −0.677) 

−0.844 
−0.891 

0.399 
0.373 

37.1%; 1.59; 0.207 
83.8%; 6.17; 0.013 

2.48 (–); <0.001 
64.96 (–); <0.001 

1.00; 0.317 
1.00; 0.317 

Grip strength 

Stair climb 6 312 −0.200 (−0.502 to 0.071) −1.510 0.131 85.5%; 34.49;<0.0001 −2.29 (−15.69 to 11.10); 0.348 −0.33; 0.348 

Hose drag 
Five or more tasks 
Males only 
Weight of PPE 

5 
2 
4 
4 

274 
163 
225 
232 

−0.378 (−0.589 to −0.119) 
−0.325 (−0.496 to −0.129) 
−0.429 (−0.668 to −0.108) 
−0.442 (−0.666 to −0.145) 

−2.806 
−3.188 
−2.566 
−2.834 

0.005 ** 
0.001 ** 
0.010 * 
0.005 ** 

78.9%; 19.00;<0.001 
42.5%; 1.74; 0.188 

83.3%; 17.92; <0.001 
81.8%; 16.45;<0.001 

−3.97 (−16.26 to 8.33); 0.379 
15.38 (–); <0.001 

−3.69 (−24.39 to 17.01); 0.524 
−5.37 (−21.79 to 11.06); 0.295 

0.00; 1.00 
1.00; 0.317 
0.00; 1.00 
−0.33; 0.497 

Victim rescue 
Five or more tasks 
Sequential tasks 
Full-time male firefighters 
Weight of PPE 

5 
3 
4 
4 
4 

263 
201 
243 
225 
221 

−0.578 (−0.713 to −0.402) 
−0.610 (−0.773 to −0.372) 
−0.561 (−0.716 to −0.353) 
−0.507 (−0.600 to −0.401) 
−0.621 (−0.758 to −0.432) 

−5.545 
−4.366 
−4.697 
−8.152 
−5.388 

<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 

68.2%; 12.56; 0.014 
78.8%; 9.43; 0.009 

74.7%; 11.84; 0.008 
35.5; 4.65; 0.199 

69.6%; 9.86; 0.019 

−2.11 (−12.47 to 8.25); 0.563 
−6.89 (−95.23 to 81.44); 0.503 
−2.44 (−29.09 to 24.22); 0.732 
−0.51 (−12.29 to 11.27); 0.869 
−3.07 (−17.08 to 10.93); 0.445 

−0.40; 0.327 
−0.33; 0.602 
−0.33; 0.497 

0.00; 1.00 
−0.33; 0.497 

Forcible entry 
Equipment hoist 
Saw hold 

2 
2 
2 

163 
111 
80 

−0.426 (−0.623 to −0.179) 
−0.420 (−0.703 to −0.023) 

0.468 (−0.0836 to 0.800) 

−3.248 
−2.066 
1.682 

0.001 ** 
0.039 * 
0.093 

67.2; 3.05; 0.081 
64.8%; 2.84; 0.092 
85.1%; 6.70; 0.009 

20.36 (–); <0.001 
3.29 (–); <0.001 

67.71 (–); <0.001 

1.00; 0.317 
1.00; 0.317 
1.00; 0.317 

Upper body strength 

Stair climb 3 134 −0.140 (−0.306 to 0.035) −1.571 0.116 0.0%; 1.45; 0.484 −2.33 (−17.66 to 12.99); 0.304 −1.00; 0.117 

Hose drag 
Five or more tasks 
Weight of PPE 

3 
2 
2 

134 
114 
92 

−0.544 (−0.748 to −0.247) 
−0.402 (−0.547 to −0.233) 
−0.609 (−0.888 to −0.002) 

−3.337 
−4.421 
−1.966 

0.001 ** 
<0.001 ** 
0.049 * 

71.9%; 7.11; 0.029 
0.0%; 0.45; 0.502 

85.9%; 7.10; 0.008 

−5.71 (19.89 to 8.48); 0.123 
−3.38 (–); <0.001 
−5.91 (–); <0.001 

−1.00; 0.117 
−1.00; 0.317 
−1.00; 0.317 
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Table 7. Cont. 

Heterogeneity I2; 
Cohen’s Q; p-Value 

No. of 
Studies 

No. of 
Participants 

Egger’s test 
Intercept (95%CI); p 

Begg’s Test 
(τ; p) 

Outcome R (95% CI) Z Score p (Overall Effect) 

Victim rescue 
Five or more tasks 
Weight of PPE 

3 
2 
2 

134 
114 
92 

−0.350 (−0.573 to −0.080) 
−0.255 (−0.422 to −0.073) 
−0.461 (−0.733 to −0.064) 

−2.512 
−2.715 
−2.248 

0.012 * 
0.007 ** 
0.025 * 

56.1%; 4.55; 0.103 
0.0%; 0.67; 0.412 

64.6%; 2.82; 0.093 

−3.10 (−47,24 to 41.04); 0.536 
4.13 (–); <0.001 
−3.72 (–); <0.001 

−0.33; 0.602 
1.00; 0.317 
−1.00; 0.317 

Lower body strength 

Stair climb 5 329 −0.0460 (−0.155 to 0.064) −0.817 0.414 0.0%; 1.54; 0.819 −0.64 (−3.45 to 2.17); 0.522 −0.20; 0.624 

Hose drag 
five or more tasks 
Weight of PPE 

4 
2 
3 

179 
110 
137 

−0.244 (−0.381 to −0.097) 
−0.222 (−0.395 to −0.033) 
−0.271 (−0.422 to −0.104) 

−3.223 
−2.298 
−3.139 

0.01 ** 
0022 * 

0.02 ** 

0.0%; 1.72; 0.632 
0.0%; 0.29; 0.591 
0.0%; 1.29; 0.525 

−1.92 (−8.87 to 5.03); 0.357 
2.71 (–); <0.001 

−2.19 (−20.28 to 15.90); 0.367 

0.00; 1.00 
1.00; 0.317 
−0.33; 0.602 

Victim rescue 
five or more tasks 
Weight of PPE 

3 
2 
2 

130 
110 
88 

−0.254 (−0.411 to −0.081) 
−0.246 (−0.416 to −0.059) 
−0.229 (−0.422 to −0.017) 

−2.851 
−2.559 
−2.111 

0.004 ** 
0.010 * 
0.035 * 

0.0%; 0.29; 0.862 
0.0%; 0.25; 0.619 
0.0%; 0.13; 0.724 

−0.93 (−11.45 to 9.60); 0.462 
−2.79 (–); <0.001 
−0.81 (–); <0.001 

−0.33; 0.602 
−1.00; 0.317 
−1.00; 0.317 

Flexibility 

Stair climb 
Hose drag 
Victim rescue 
Forcible entry 

2 
3 
3 
2 

133 
222 
222 
180 

−0.190 (−0.351 to −0.019) 
−0.130 (−0.259 to 0.004) 
−0.0792 (−0.210 to 0.055) 
−0.0700 (−0.215 to 0.078) 

−1.959 
−1.908 
−1.159 
−0.924 

0.030 * 
0.056 
0.247 
0.355 

11.4%; 1.13; 0.288 
0.0%; 0.94; 0.626 
0.0%; 1.67; 0.434 
0.0%; 0.66; 0.418 

3.82 (–); <0.001 
−2.55 (−28.08 to 22.98); 0.425 
−4.09 (−22.07 to 13.89); 0.212 

99.59 (–); <0.001 

1.00; 0.317 
−1.00; 0.012 
−1.00; 0.117 
1.00; 0.317 

Note: * indicates statistical significance <0.05; ** indicates statistical significance <0.01. (–)—indicates insufficient studies to calculate Egger’s test result. PPE—personal protective 
equipment.; italics—indicates subgroup analysis. 
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4. Discussion 

4.1. Summary of Evidence 

The results of this systematic review and meta-analysis indicated that the effect of 

cardiovascular risk status and musculoskeletal health status on occupational performance 
are understudied, and large gaps exist in the literature. Only two cardiovascular disease 

risk factors were frequently studied, namely age and obesity, and both had a significant 
effect on occupational performance. The results indicated that as firefighters aged and 

accumulated more adipose tissue, their completion times increased, which was consistent 
for all tasks investigated. In addition, we found a significant effect of physical fitness on 
occupational performance with cardiorespiratory fitness, muscular endurance, and upper 

body strength, all related to all individual tasks performance. These results are consistent 
with two systematic reviews, one on firefighters and the other on military personnel, that 

also found that aerobic capacity, muscular endurance and muscular strength are related to 
completion times in emergency occupations [87,88]. In addition, the current study results 
indicated that the weight of PPE worn significantly influenced the performance of all tasks. 

Moreover, the weight of PPE was related to overall occupational performance and 
individual task performance according to age, obesity and all physical fitness measures. 

This may be due to the weight of the equipment placing an extra burden on firefighters’ 
abilities to perform their tasks efficiently, especially when compounded with excessive 

adipose accumulation and older age. The weight of PPE may become particularly important 
when conducting occupational performance tasks, as using full PPE may represent the 
truest simulation of the burden firefighters face physiologically while on active duty. These 

results are supported by a systematic review that indicated that the weight of PPE and 
SCBA gear elicit a significant physiological response in firefighters [32]. 

Globally, firefighting is regarded as one of the most physically demanding occupa- 
tions that require high levels of physical fitness in order for them to perform their jobs 
effectively [88]. Moreover, firefighters are expected to remain in peak physical condition- 

ing, especially as they age, to ensure they do not become a liability as they remain in 
the fire services [88,89]. The results of the current review supported this standpoint, as 

less physically fit firefighters that had increased fat mass were the most likely to perform 
poorly on the occupational performance tasks. Firefighting induces significant physiologi- 

cal responses [9,33] and, therefore, fitter firefighters perform significantly better than unfit 
firefighters, even as they age. 

4.2. The Effect of Age, Obesity, Blood Pressure, Heart Rate and Gender on 
Occupational Performance 

The results indicated that age had a significant moderate effect on occupational perfor- 

mance in the current study. In addition, a significant correlation existed between aging and 
overall occupational performance, particularly among full-time career firefighters. Ageing 

is considered a CAD risk factor, particularly in men 45 years and older and woman 55 years 
and older, due to the progressive reduction in arterial elasticity, increased inflammatory 

responses and reduction in key growth factors responsible for maintenance of arterial 
health [90–93]. Moreover, diastolic blood pressure was shown to significantly affect oc- 
cupational performance in firefighter, however, the literature on this is limited, and more 

research should be conducted to allow for meta-analysis. Previous research indicated that 
blood pressure significantly affected work capacity in athletes [94] and job performance in 

emergency personnel [95] alike, which supports the results of the current study. Regular 
physical activity maintains cardiovascular health, however, firefighters generally become 

less physically active as they age [96–99], particularly in firefighters in the City of Cape 
Town Fire and Rescue Service [15,22]. Firefighters that are older, especially those aged 45 
years or older, should engage in regular physical activity to maintain their work perfor- 

mance to acceptable standards [96,97,99,100]. There was a significant positive correlation 
between age and stair climb performance. Older firefighters performed significantly worse 

compared to younger firefighters and showed the strongest correlation when occupational 
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performance simulation protocols included five or more sequential tasks. Age did not 
correlate with hose drag, victim rescue and forcible entry performance. The results suggest 

that muscular endurance and strength are of greater significance in performing the hose 
drag, victim rescue and forcible entry tasks successfully. Aging had a much larger effect 
on cardiorespiratory fitness as opposed to muscular endurance and strength, which may 

explain why aged firefighters performed worse on the stair climb [37,38,96,99–101]. The 
present results indicated that cardiorespiratory fitness was the most significant factor in 

optimal performance in firefighters, and that older firefighters with lower cardiorespira- 
tory fitness had the lowest overall occupational performance, particularly those that are 
obese [38,99,102–104]. A study by Von Heimburg [71] reported that firefighters that per- 

formed best on the hose drag had a better dragging technique and higher cardiorespiratory 
fitness, but no significant difference between age was present. The years of experience as a 

firefighter may, somewhat, reduce the effect of age on task performance, especially those 
tasks where economical and explosive technique, rather than absolute power, may prove to 

be most beneficial, such as hose drag, victim rescue and forcible entry. 
Obesity had a significant large moderate effect on occupational performance in fire- 

fighters, indicating that non-obese firefighters performed significantly better on the occupa- 

tional performance tasks. This was further strengthened by the correlation analysis which 
indicated that as firefighters’ age increased, overall simulation performance significantly 

decreased, and in particular, the stair climb, and victim drag events, especially when the 
weight of PPE was controlled for. Obesity increases the amount of non-functional excess 
weight that firefighters are required to overcome while performing their duties, reducing 

their overall performance on simulated tasks [99,102–105]. Although research has indicated 
that increased body mass, to a point, may benefit certain strength or upper body stamina 

related tasks, overall task performance was not benefited, particularly related to the stair 
climb task [71,79]. Obese firefighters, generally, have a much lower cardiorespiratory 

fitness level, which may account for the reduced occupational performance seen in this 
group [26,27,103,106]. To maintain high work performance, firefighters should maintain a 
healthy weight throughout their careers, especially those firefighters involved in smoke 

diving and emergency rescues [3,6,8,107]. Although there were no studies investigating 
other CVD risk factors, obesity has been associated with increased risk status. Reducing 

obesity may not only improve overall occupational performance, but may also reduce all-
cause mortality related to CVD in firefighters [2,3,6,16,108]. Increased adiposity reduced the 
overall performance times in stair climb, hose drag, victim rescue, forcible entry, and 

equipment hoist times in firefighters. Firefighters that were obese, performed significantly 
worse on each task. Most firefighting tasks were negatively affected by increased fat mass 

in firefighters, which is consistent with previous research indicating that obesity reduces 
performance [87]. 

Resting heart rate had a significant positive correlation with completion times, indi- 
cating that a higher resting heart rate resulted in worse performance on the occupational 

performance tasks. Resting heart rate (RHR) is closely linked to cardiorespiratory health 
and cardiorespiratory fitness. Higher RHRs have been linked to cardiovascular disease 

and poor cardiorespiratory fitness and increased cardiovascular risk [27,106,109]. Nazari 
et al. [33] reported that high heart rates and near maximum heart rates are reached during 

occupational performance tasks. 
The current results indicated that gender had a significant effect on completion times 

in firefighters, with males performing significantly better than female firefighters. This is 

consistent with previous results that indicated males were stronger and fitter than their 
female counterparts and performed the occupational tasks faster. This may be due to many 

tasks being strength and endurance based, favouring male firefighters [31,86]. This is most 
likely due to males being taller, more muscular, and stronger than female firefighters, which 
has been shown to be a significant predictor of performance times [79]. Female firefighters 

may need to engage in more frequent off-duty strength training to maintain the minimum 
levels of strength needed to perform firefighting tasks optimally. 
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4.3. The Effect of Physical Fitness on Occupational Performance 

The results indicated that a moderate negative correlation existed between cardiores- 

piratory fitness and completion times. Fitter firefighters performed significantly better 

on the occupational performance tasks compared to less fit firefighters. Studies suggest 
. 

that firefighting require a minimum VO2max of 42 mL·kg·min and, unsurprisingly, fire- 
fighters with higher cardiorespiratory fitness levels performed significantly better. This is 

supported by Hauschild et al. [88], where the review indicated that emergency per- sonnel 

that had higher cardiorespiratory fitness performed better in the simulated tasks. 
Although all physical fitness parameters, except flexibility, was significantly correlated to 
occupational performance, cardiorespiratory fitness had the highest correlation with 

overall performance. Maintenance of cardiorespiratory fitness may be the most important 
aspect in the maintenance of optimal work performance in firefighters. This is especially 

true when firefighters that find themselves in emergency situations and are required to 
work at moderate-to-vigorous levels of intensity for prolonged periods of time. Cardiores- 
piratory fitness was significantly and negatively correlated to stair climb and hose drag 

times, especially when subgroup analysis was performed on studies including heavier 
equipment weights (>22 kgs). The stair climb and hose drag tasks require firefighters to 

perform locomotive move either climbing a flight of stairs or dragging a hose, which require 
the use of large muscle groups that require large amounts of oxygen. Fitter firefighters are 

able to utilize the available oxygen more efficiently, performing better on these locomotive 
tasks. Heavier equipment increased the cardiorespiratory load of each firefighting task, 
and require a higher fitness level for adequate completion [32]. 

Upper body (push-up) and abdominal (sit-ups) endurance had a significant negative 

correlation with overall completion times, particularly when firefighters performed five or 
more tasks and when equipment weighed more than 22 kgs. Many of the tasks’ firefighters 
are required to perform involve forceful repetitive upper body exertive movements. Higher 

levels of upper body muscular endurance allow firefighters to sustain a particular amount 
of force over a number of repetitions [61,62,66,77]. Such as the door breach, which require 

firefighters to sustain maximal force during each hit to move the tyre or sled the desired 
distance [57,66,110]. Significant negative correlations were present between upper body 

and abdominal endurance and stair climb, hose drag, victim rescue, and forcible entry 
performance and, in particular, when subgroup analysis was performed on studies with 
equipment weighing more than 22 kgs and five or more tasks. Higher levels of upper body 

and abdominal stamina positively affected performance in stair climb, hose drag, victim 
rescue and forcible entry tasks. For all tasks, firefighters are required to wear their full 

protective equipment and SCBA gear which places significant strain on the upper body 
muscular [79,111,112]. Higher levels of upper body endurance will reduce the muscular 
strain of wearing PPE and SCBA gear while performing the occupational tasks. As 

indicated by Marcel-Millet [9], there are significant physiological differences between 
firefighters that wore PPE and SCBA gear, compared to those without. Focussing on 

improving firefighter stamina may prove to be particularly important to maintain high 
levels of occupational performance. 

Grip strength, upper body strength and lower body strength were all significantly 
and negatively correlated with overall simulation performance in firefighters, particularly 
in males, where five or more tasks were performed while wearing equipment weighing 

more than 22 kgs. In general, stronger firefighters completed the simulation protocols 
significantly quicker than weaker firefighters. As mentioned previously, stronger firefight- 

ers are capable of producing higher levels of force with each movement, as most studies 
indicated significant relationships existed between muscle strength and endurance in fire- 

fighters [42,57,61,62]. In addition, higher levels of strength reduce the effort required to 
perform each task, allowing them to sustain the minimum required level of force for longer. 
This allows firefighters to move the tyre or sled further with each swing of the sledge- 

hammer, or hoisting equipment further with each pull. More specifically, grip strength 
correlated negatively to hose drag, victim rescue, forcible entry and equipment hoist times, 
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upper and lower body strength was negatively correlated to hose drag and victim rescue 
times, only, and in particular, when heavier equipment was used. Surprisingly, lower 

body strength was not correlated with better performance in the stair climb task. Grip 
strength appeared to be the most significant strength measure to maintain overall occupa- 
tional performance in firefighters. This may be due to firefighting requiring firefighters to 

constantly grip and hold objects in place while producing high levels of force, such as 
sledgehammers, axes, jaws of life and fire hoses [42,61,62,77]. Higher levels of upper and 

lower body strength may allow firefighters to carry and drag the hose and victim with less 
effort [61,62,65,87]. There were insufficient studies available to analyse the effect of upper 
and lower body strength on forcible entry or equipment hoist times. 

Flexibility was the only physical fitness parameter that was not significantly correlated 
to overall occupational performance, however, was negatively correlated to stair climb 

times in firefighters. More flexible firefighters may be able to have longer strides while 
climbing the stairs, as the hamstring is able to stretch further with less discomfort, improv- 

ing the stair climb performance. A systematic review reported that hamstring flexibility 
was a key factor sprinting, jumping and agility [113]. Although the present study did not 
find a significant correlation between flexibility and other firefighter tasks, maintenance of 

flexibility may assist in maintaining high levels of occupational performance in firefight- 
ers [57,66,73]. Importantly, higher flexibility has been shown to reduce the incidence of 

injury in firefighters [43,44,114]. 

4.4. Limitations of the Study 

The large number of cross-sectional studies are a limitation of the current study. 
Heterogeneity was introduced due to differences in weight of equipment and age ranges 

of the firefighters across different studies. However, this was at least partially mitigated 
through subgroup analysis. A limited number of studies were conducted on the relationship 
between cardiovascular and musculoskeletal health and occupational performance, which 

negatively impacted the meta-analysis on these variables. The older studies included in 
this systematic review, may have influenced the results, as advancements in PPE, work 

environments and intervention techniques, have in different physical demands, compared 
with previous years. Limitations in the quality of evidence are described below. 

4.5. Applicability of Evidence 

The results indicated that non-obese, younger male firefighters that have a high 

cardiorespiratory fitness level, and those that have high levels of muscular endurance and 
strength have the most favorable overall occupational performance. Cardiorespiratory 

fitness, along with upper body and abdominal endurance should be prioritized in exercise 
training programmes. Moreover, tasks that were performed sequentially where the weight 

of PPE worn was over 22 kgs significantly and negatively affected overall performance 
times. Taller, heavier male firefighters may have the most favorable performance outcomes 

when performing occupational specific duties. An inherent limitation of the evidence is 
that all firefighters recruited to participate in the studies are apparently healthy and injury 
free. More studies need to be conducted on firefighters with cardiovascular disease risk 

factors and underlying musculoskeletal health issues. Regular aerobic training, along with 
strength training may prove to be particularly beneficial for older firefighters who are 

smaller in stature and have a lower body mass, and in particular, female firefighters. 

4.6. Quality of Evidence 

Critical appraisal of the included studies for the majority of studies were acceptable; 
however, few studies appraised were low in overall quality. Three studies scored 15 points 

in the AXIS appraisal too, but was largely due to the small sample sizes of the studies. Due 
to the difficulty of performing occupational simulation tasks, most studies included small 
number of firefighters to participate. High heterogeneity was present between 

approximately half of the analysis, and possibly due to the difference is sample sizes, 
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which may have influenced the means, standard deviations, as well the correlation strength 
between the included variables. Although high heterogeneity was present, the studies 

provided valuable information on factors affecting occupational performance. 

4.7. Gaps in the Literature 

The effects of cardiovascular disease risk factors and musculoskeletal health on fire- 

fighters’ occupational performance are understudied. Particularly, studies related to the 
effect of cardiovascular risk factors, such as hypertension, diabetes, dyslipidaemia, and 

cigarette smoking on occupational performance, and the effect of musculoskeletal health 
issues on occupation performance. More research should be conducted on cardiovascular 

risks and musculoskeletal health related to occupational performance in firefighters. 

4.8. Implications for Future Research 

More research should be conducted investigating the effect of cardiovascular disease 
risk factors, and overall risk status on occupational performance. The effect of muscu- 

loskeletal health on work performance is also understudied. 

5. Conclusions 

Age and obesity significantly affected occupational performance in firefighters, in- 
creasing task completion times across all events. Physical fitness is integral to occupational 

performance in firefighters, with cardiorespiratory fitness, muscular endurance and upper 
body strength having the most significant effect on total completion times and all individual 

tasks. The weight of PPE is an essential consideration, as this significantly impacts comple- 
tion times, highlighted by the heterogeneity caused between studies, particularly when 
five or more tasks were performed sequentially while firefighters wore PPE weighing over 

22 kg. Moreover, younger, stronger, and heavier male firefighters performed significantly 
better than older, lighter and weaker firefighters, which emphasizes the importance of 

maintaining a suitable body composition, and appropriate levels of muscular endurance 
and strength as firefighters age. Firefighting departments should adopt regular physical 
activity, focused on maintaining cardiorespiratory fitness, muscular endurance, and upper 

body strength, to maintain firefighters’ physical fitness and dietary recommendations, 
to reduce the likelihood of overweight and obesity in firefighters, which is particularly 

important as they age. 

6. Patents 

Protocol Registration 

Details of the protocol for this systematic review were registered on PROSPERO 

(CRD42021258898) and can be accessed at: https://www.crd.york.ac.uk/prospero/display_ 
record.php?RecordID=258898 (accessed on 21 January 2022). 

Supplementary Materials: The following supporting information can be downloaded at: https:// 

www.mdpi.com/article/10.3390/ijerph191911946/s1, Supplementary S1: Search strategy for databases; 

Supplementary S2: Eligibility screening form; Supplementary S3: Data extraction form. 
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Abstract: Approximately 45% of on-duty related mortalities were due to sudden cardiac death, with 

many of these fatalities related to cardiovascular disease and overexertion, while performing 

emergency duties. Therefore, the aim of this systematic review was to determine the association 

between cardiovascular disease risk factors and cardiorespiratory fitness in firefighters. A literature 

search of PubMed, SCOPUS, Web of Science, Embase, EBSCOHost, and ScienceDirect was conducted; 

the Rayyan® intelligent systematic review tool was used to screen and select studies for inclusion. 

The appraisal tool for cross-sectional studies and the Critical Appraisal Skills Programme toolkit 

were used for methodological assessment of included studies. Data were analyzed using the Re- 

view Manager 5.3 and MedCalc® statistical softwares to determine the effects of obesity (Z = 10.29, 

p < 0.001) and aging (Z = 4.72, p < 0.001) on cardiorespiratory fitness. Furthermore, there was a 

significant effect for cardiorespiratory fitness level on systolic blood pressure (Z = 5.94, p < 0.001), 

diastolic blood pressure (Z = 2.45, p < 0.001), total cholesterol levels (Z = 3.80, p < 0.001), low-density 

lipoprotein cholesterol (Z = 4.44, p < 0.001), triglycerides (Z = 3.76, p < 0.001) and blood glucose 

concentration (Z = 4.78, p < 0.001). Cardiovascular disease risk factors and cardiorespiratory fitness 

were significantly and inversely associated in firefighters. Fire service departments should adopt 

behavioral intervention strategies to maintain optimum cardiovascular disease risk factor profiles 

and cardiorespiratory fitness among firefighters to ensure their occupational well-being. 
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Firefighting is an extremely hazardous occupation, where firefighters not only are 
required to contend with severe temperatures but are also required to perform emergency 
rescues and are routinely exposed to hazardous chemicals and fumes [1–4]. The hazardous 

nature of the profession requires firefighters to wear personal protective equipment (PPE), 
and in some departments, PPE can weigh up to 29.3 kg [5], which places significant strain 
on firefighters [6–8]. In addition, many firefighters have been reported to have underlying 

cardiovascular disease (CVD) risk factors, which significantly predispose them to 
cardiovascular events while on duty [9–12]. This translates into an excessively high 

mortality rate of nearly 50% related to on-duty sudden cardiac death (SCD) [1–3,13]. This 
is largely due to the physically demanding nature of their occupation, which requires 
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firefighters to sustain a high level of physical intensity for prolonged periods, particularly 
when involved with fire suppression [2,3]. If underlying CVD risk factors are present, this 
predisposes firefighters to cardiac incidents while on duty [1,4]. Therefore, firefighters are 

expected to maintain optimum cardiovascular conditioning to reduce the likelihood of 
duty-related morbidity and mortality [2,3,14,15]. 

The most prevalent CVD risk factors among firefighters include obesity ranging between 

14% and 60% [16–19], hypertension between 10% and 44% [17,20–23], cigarette smoking 
ranging between 11% and 39% [24–30], dyslipidemia between 20% and 56.5% [17,27,31–33], 

and physical inactivity between 14.7% and 70% [10,34–39]. These risk factors have been re- 
ported to consistently lower cardiorespiratory fitness in firefighters [30,35,40–42], primarily 

due to reducing vascular elasticity, reducing preload, and increasing afterload, and subse- 
quently, reducing stroke volume and oxygen transportation to working muscles [43–47]. 
Firefighters, by maintaining their cardiorespiratory fitness through regular physical activity, 

can reduce their likelihood of CVD events, especially as they age [35,48,49]. Moreover, 
maintaining a healthy diet can assist in reducing the likelihood of CVD [50–53]. Previous 

systematic reviews have focused on the impact of firefighting tasks and the physiological 
responses while completing those tasks [54], and the physiological responses of firefighters 
that wear PPE and self-contained breathing apparatus gear [8]. Two studies have reported 

that significant physiological responses occurred while firefighters performed occupational 
tasks and especially while wearing full PPE and breathing apparatuses [8,54]. We are not 

aware of systematic reviews conducted on the effect of CVD risk factors on cardiorespi- 
ratory fitness in firefighters. The relatively low number of studies published on the effect 

of CVD risk factors on cardiorespiratory fitness is a concern, given the high number of 
CVD-related fatalities in firefighters [2,4,13,55]. Crucial new knowledge on the effect of 
CVD risk factors and which risk factors have the most significant effect on cardiorespiratory 

fitness is needed to assist in the formulation of policies to assist in maintaining firefighters’ 
cardiovascular health and fitness. 

Therefore, this systematic review aimed at determining the association between CVD 
risk factors and cardiorespiratory fitness in firefighters. The research question guiding this 

study was: What is the association between CVD risk factors and cardiorespiratory fitness 
in firefighters? 

2. Materials and Methods 

Each phase of the screening procedure was completed in accordance with the PRISMA 
standards for systematic reviews, which are illustrated in a flow diagram [56] (Figure 1). 

The guidelines for Meta-analysis of Observational Studies in Epidemiology (MOOSE) and 
Quality of Reporting of Meta-analysis (QUOROM) were utilized to complete the 

methodology of the current review [56,57]. 

2.1. Summary of Methods 

The exposures assessed included CVD risk factors in relation to cardiorespiratory 
fitness in firefighters. There were no limitations to the publication year when considering 

studies for this review. 
The inclusion criteria were as follows: 

(i) Studies that included full-time, part-time, and volunteer adult male and female fire- 
fighters between the ages of 18 and 65 years; 

(ii) Cross-sectional, observational, and experimental (intervention) study designs; 

(iii) Studies that investigated the association between CVD risk factors or health metrics 
and cardiorespiratory fitness in firefighters; 

(iv) Studies that were available in full text or that could be acquired through a request 
from the authors. 
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The exclusion criteria were as follows: 

(i) Studies that failed to mention exposure and outcome measures, such as cardiorespira- 
tory fitness and risk factors for cardiovascular disease; 

(ii) Various forms of reviews, such as systematic reviews, literature reviews, scoping 
reviews, etc.; 

(iii) Non-English language articles. 

The comprehensive systematic review protocol can be found on PROPERO (CRD- 
42022330510). 

2.2. Study Selection, Screening, and Data Management 

To find all pertinent papers, the two primary reviewers (J.R. and R.N.) conducted a 
thorough literature search of Web of Science, SCOPUS, PubMed/Medline, ScienceDirect, 
and EBSCOHost, using a combination of search terms (Supplementary File S1). Search 

outputs were compiled into the Zotero™ reference software, where duplicates were then 
removed. The remaining entries were imported into Rayyan Systems Inc. [58] where 
the titles and abstracts were screened for eligibility, using the categories of included, ex- 

cluded, and unsure. Reasons for exclusion were provided as comments for each excluded 
study. The two principal reviewers used an initial rudimentary data extraction form 

(Supplementary File S2) to obtain the primary characteristics of each study, which com- 
prised general study information, including authors and affiliations, publication date, study 

title, design, and country, as well as the exposure evaluated and outcome measures. Then, 
using a thorough data extraction form, study parameters were retrieved, including the 
sampling strategy, sample size, and participant’s information that included age, height, 

weight, body mass index (BMI), percentage of body fat, and maximum oxygen consumption 
(VO2max) (Supplementary File S3). Lastly, the details of the main exposures and outcomes 

for the current review were extracted and included CVD risk factors and cardiorespiratory 
fitness measures. Studies that qualified for the meta-analysis were entered into the Review 

Manager 5.3 [59] (The Cochrane Collaboration, London, UK) and MedCalc® statistical 

software Ltd. (Ostend, Belgium, version 20.104). 

2.3. Critical Appraisal of Included Studies 

The methodological evaluation of the included studies was carried out using the ap- 

praisal tool for cross-sectional studies (AXIS checklist) (Table S1, Supplementary File S4) [60] 
and The Critical Appraisal Skills Programme (CASP) toolkit (Middle Way, Oxford, UK) 

(Table S2 Supplementary File S4) ((https://casp-uk.net/casp-tools-checklists/) (accessed 
on 1 September 2021)). For evaluating the quality of cross-sectional studies, it has been 

demonstrated that the CASP toolkit (Middle Way, Oxford, UK) and the AXIS toolkit are 
relevant and dependable resources [60,61]. According to the AXIS checklist, each study 
that was given a score, between 15 and 17 points was considered to be “good” quality and 

a score from 18 to 19 points was considered to be “high” quality. For the CASP toolkit, all 
studies were considered to be high quality, as all boxes were ticked. 

2.4. Study Selection 

The database searches yielded a total of 1881 entries (Figure 1). Of these, 1205 duplicates 
were removed. Of the remaining 677 studies screened via titles and abstracts, 56 studies met 

the inclusion criteria, and full texts were screened for final inclusion in the review. Reasons 
for exclusion included not investigating either the exploratory or outcome variables; studies 
that were qualitative in design, the main focus of the manuscript not being aligned with 

the current study, studies that were reviews, and studies that were not available in full-text. 
Following the full-text screening, 31 papers, in total, were eliminated, leaving 25 studies 

eligible to move forward with the data extraction and narrative synthesis. The reasons for 
exclusion included the association between the exploratory variable and the outcome 

variable not being analyzed. From this, 16 studies were suitable for inclusion in the meta- 
analysis after data extraction. Nine studies were excluded from the meta-analysis due to 
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the data not being suitable for the analysis. The reasons for exclusion were, firstly, that 
studies did not include the means and standard deviation for both the CVD risk factors 
and the cardiorespiratory fitness measures. Secondly, there were no comparisons made 

between healthy firefighters and those with CVD risk factors and firefighters with good or 
poor cardiorespiratory fitness. 

Figure 1. Flow chart of study selection in narrative review [62]. 
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2.5. Data Analysis 

2.5.1. Assessment of Overall Effect Size 

The data were imported and analyzed using Review Manager 5.3 [59,63–65]. The 
outcome measure (cardiorespiratory fitness) was analyzed as a continuous variable and 
dichotomous variable. The mean difference (MD), with a 95% confidence interval (CI) of 
estimation was used as effect estimates of the association between cardiovascular disease 
risk factors and cardiorespiratory fitness in firefighters [64]. For cardiorespiratory fitness 
measures that were dichotomous, the measure of 12 METS or greater was used to classify 
firefighters as being fit, and less than 12 METS as unfit. A meta-analysis of correlations was 

conducted using the MedCalc® statistical software Ltd. (Ostend, Belgium, version 20.104). 
Using the inverse variance approach, the R values from the pooled studies were grouped 
based on correlation coefficients of similar exposures and outcomes and aggregated into a 
single, exemplary effect estimate [66]. The following formula was used to convert the 
original R values to a general test measure using Fisher’s “R” to “Z” transformation [66]: 

 

To ascertain the correlation between the exposure and the outcome variables, the 
Fisher’s Z values from the original studies were pooled using the random effect model [67]. 

Interpretation of correlation coefficient strength [67]: 

Very high correlation, from 0.90 to 1.00 (−0.90 to −1.00); 

High correlation, from 0.70 to 0.90 (−0.70 to −0.90); 

Moderate correlation, from 0.50 to 0.70 (−0.50 to −0.70); 
Low correlation, from 0.30 to 0.50 (−0.30 to −0.50); 

Negligible correlation, from 0.00 to 0.30 (−0.00 to −0.30). 

2.5.2. Classification of Cardiovascular Disease Risk Factors and Cardiorespiratory Fitness 

Across studies, similar criteria were used to classify CVD risk factors. Age, as a risk 

factor, was classified as an age ≥45 years for males and ≥55 years for females. Obesity was 

classified as a body mass index (BMI) ≥30 kg·m−2. Hypertension was classified as a 

systolic blood pressure ≥140 mm Hg, or a diastolic blood pressure ≥90 mm Hg, or having 
been previously diagnosed with hypertension by a medical professional. Cigarette 
smoking was classified as being a current cigarette smoker or having quit within 6 months. 

Physical inactivity was classified as not exercising at a moderate intensity for at least 
30 min, for at least three times a week. Dyslipidemia was classified as a total cholesterol 

concentration ≥5.18 mmol·L and a low-density lipoprotein ≥3.34 mmol·L or having been 
diagnosed by a medical professional. Diabetes was classified as a fasting blood glucose 
concentration ≥7.0 mmol·L or having a diagnosis by a medical professional. Firefighters 

were classified as being fit by meeting the minimum required cardiorespiratory fitness 
levels of 12 metabolic equivalents (METS), which is an oxygen consumption (VO2) of 

42 mL·kg·min, that has been accepted as the minimum required cardiorespiratory fitness 
level needed for the profession. Firefighters that did not meet the 12 METS cut-off were 

categorized as not meeting the minimum required cardiorespiratory fitness level. Studies 
using the 12 METs cut-off were categorized as dichotomous variables and the CVD risk 
factors were continuous. Studies using relative VO2 were used as a continuous variable 

and CVD risk factors were used as dichotomous variables. 
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2.5.3. Assessment of Heterogeneity and Publication Bias 

The I2 and chi-square tests were employed as the two techniques to determine the 
degree of heterogeneity amongst the included studies [60]. These techniques have been used 

in previous meta-analyses to evaluate the effect of heterogeneity of the meta-analysis [60]. 

The following criteria were used to interpret I2 statistics: 

(i) From 0% to 30%, indicated heterogeneity may not be important; 

(ii) From 31% to 60%, indicated that there was moderate heterogeneity; 
(iii) From 61% to 80%, indicated that there was substantial heterogeneity; 

(iv) From 81% to 100%, indicated that there was considerable heterogeneity. 

2.5.4. Risk of Bias 

The Begg’s test and Egger’s test were run using the Statistical Package for the Social 

Sciences (SPSS®, Chicago, IL, USA) version 28 to evaluate the risk of bias in the studies 
included in the meta-analysis. 

2.5.5. Subgroup Analysis and Investigation of Heterogeneity 

To account for the presence of heterogeneity, a subgroup analysis was performed to 

explore the possible sources of the heterogeneity within studies [61]. The subgroup analysis 
was conducted on studies that used either a treadmill testing protocol, bicycle ergometer 
protocol, field tests, non-exercise measures, and direct VO2max estimation using gas analysis. 

3. Results 

3.1. Study Characteristics 

The included studies encompassed 21 cross-sectional studies, three cohort studies, 
and one case-controlled study, conducted between 1991 and 2021, and included a total of 
7822 firefighters. Studies were conducted on fire departments located in various regions 

globally, where multiple variations of cardiorespiratory fitness tests were used to estimate 
cardiorespiratory fitness. A summary of the included studies is found in Table 1. The 

detailed critical appraisal of the studies may be found in Supplementary File S4. 
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Table 1. Characteristics of included studies in the narrative synthesis and quantitative meta-analysis. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

The cardiorespiratory fitness of 
firefighters aged between 20 and 
28 years old was significantly higher as 
compared with firefighters aged 
between 29 and 37 years old and 
between 38 and 46 years old. 
The number of metabolic syndrome risk 
factors was significantly different 
between maximum MET groups 
(<0.00001). Metabolic syndrome 
was a significant predictor of 
cardiorespiratory fitness (CRF). 

Cross-sectional study 
Malaysia, Kebangsaan 

385 Male 
firefighters 

Age: N/A 
BMI: N/A 

VO2max: 26.49 ± 

5.14 mL·kg·min 

20 m shuttle 
run test 

Atikah et al. [67] 

Age: 39.6 ± 8.5 years 
BMI: 29.4 ± 4.3 
BF%: 21.6 ± 6.0 

Cross-sectional study 
USA, Massachusetts 

957 Male 
firefighters 

MaxMETs: 
12.0 ± 1.9 METs 

Maximal treadmill 
exercise stress test 

Baur et al. [68] 

Age: 39.5 ± 8.6 years 

BMI: 29.3 ± 4.3 kg·m−2 

BF%: 21.0 ± 5.6% 
Cigarette smokers: 23.9% 
SBP: 122.6 ± 12.0 mmHg 
DBP: 78.6 ± 8.6 mmHg 
TC: 5.02 ± 0.96 mmol·L 
LDL-C: 3.22 ± 0.83 mmol·L 
HDL-C: 1.13 ± 0.30 mmol·L 
TG: 1.5 ± 1.3 mmol·L 

Age: 37.4 ± 8.4 years 

BMI: 29.3 ± 4.4 kg·m−2 

Age: 34.45 ± 7.15 years 

There were significant associations 
between max METs and age, BMI, 
systolic blood pressure (SBP), diastolic 
blood pressure (DBP), triglycerides, 
total cholesterol, low-density 
lipoprotein cholesterol (LDL-C), and 
blood glucose. 

Cross-sectional study 
USA, Massachusetts 

968 Male 
firefighters 

METs: 12.0 ± 

1.9 METs 

Maximal treadmill 
exercise stress test 

Baur et al. [69] 

Cardiorespiratory was significantly 
related to age, physical activity, and 
BMI in firefighters. 
There were significant correlations 
between sedentary time (r = −0.62, p 
< 0.001), vigorous physical activity 
time (r = −0.48, p < 0.001), waist circum- 
ference (WC) (r = −0.55, p < 0.01), and 
BMI (r = −0.53, p < 0.01) and VO2max. 

Cross-sectional 
study USA 

804 Male 
firefighters 

Maximal treadmill 
stress test 

Baur et al. [70] MaxMETs: 10.7 ± 2.0 

Height: 180.74 ± 6.80 cm 
30 Male firefighters Body mass: 94.70 ± 10.65 kgs 

BMI: 28.97 ± 2.52 kg·m−2 

WC: 96.48 ± 7.95 cm 

Cross-sectional 
study USA 

VO2max: 40.82 ± 

6.95 mL·kg·min 

Treadmill graded 
exercise stress test 

Barry et al. [49] 
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Table 1. Cont. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

Age: 38.1 ± 0.3 years 
Height: 178.79 ± 6.65 cm 
Weight: 88.42 ± 13.36 kgs 

BMI: 27.65 ± 3.79 kg·m−2 

Maximal treadmill 
graded exercise 
stress test 

Cardiorespiratory fitness was 
significantly different between age 
groups in firefighters (p < 0.001). 

Cardiorespiratory fitness was 
significantly and moderately associated 
with percentage body fat (r = −0.7353, 
p = 0.0001), DBP (r = −0.541, 
p = 0.0035), BMI (r = −0.5445, p = 0.003), 
1-min recovery HR (r = 0.537, 
p = 0.0038), and body composition 
(r = −0.5178; p = 0.008). 
After controlling for age, 
cardiorespiratory fitness was inversely 
associated with increasing metabolic 
abnormalities (p < 0.001). 
Estimated VO2max values for 
firefighters with 0, 1, 2, and 3 metabolic 
abnormalities were 47.8 mL·kg·min, 
47.7 mL·kg·min, 45.2 mL·kg·min, and 
43.6 mL·kg·min, respectively. 
The estimated VO2max for subjects with 
two, three, or more metabolic 
abnormalities were found to be 
significantly lower than that of subjects 
with zero or one metabolic abnormality. 

Cross-sectional study 
USA, San Diego 

1169 Male 
firefighters 

METs: 13.96 ± 

2.43 METs 
Cameron et al. [71] 

Age: 31.9 ± 6.4 years 
BF%: 26.0 ± 6.4% 

BMI: 27.2 ± 3.8 kg·m−2 

Cross-sectional study 
USA, Florida 

30 Male and female 
firefighters 

VO2max: 44.6 ± 

3.9 mL·kg·min 

Bruce treadmill 
protocol 

Delisle et al. [72] 

Age: 39 ± 9 
Height: 179 ± 6 cm 
Weight: 88 ± 15 kg 

BMI: 28 ± 4 kg·m−2 

BF%: 21 ± 7% 
WC: 94 ± 11 cm 
SBP: 129 ± 12 mmHg 
DBP: 83 ± 8 mmHg 
TG: 1.4 ± 0.9 mmol·L 
HDL-C: 1.2 ± 0.3 mmol·L 
FGL: 4.8 ± 0.5 mmol·L 
CS: 3.7% 

Cross-sectional study 
USA, Colorado 

214 Male 
firefighters 

VO2max: 46.3 ± 

6.1 mL·kg·min 
Bruce treadmill 
protocol 

Donovan et al. [41] 
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Table 1. Cont. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

Among the four CRF outcome variables, 
max-METs was significantly different 
among the three PA categories after 
adjusting for age, BMI, and smoking 
status (p < 0.001). The association with 
CRF was strong across all three 
measures of PA dimensions, as well as 
with total weekly aerobic exercise. 

CRF was negatively correlated 
with age, BMI, WC, BF%, SBP, DBP, 
and blood glucose. 
CRF was significantly different among 
normal-weight and obese firefighters. 

Cross-sectional 
cohort study 
USA, Kansas and 
Missouri 

527 Full-time male 
firefighters 

Age: 37.2 ± 8.6 years 

BMI: 29.3 ± 4.5 kg·m−2 

METs: 12.7 ± 

1.6 METs 

Bruce or modified 
Bruce protocols 

Durand et al. [35] 

Age: 27.5 years 
Height: 172 cm 

−2 Cross-sectional study 
Chile., South America 

76 Volunteer male 
firefighters 

BMI: 27.7 kg·m 
SBP: 120 mmHg 
DBP: 73 mmHg 
FGL: 5.4 mmol·L 
Age group: 25–34 vs. 35–44 vs. 
45–54 vs. 55+ years 
Height: 170.7 ± 4.9 vs. 
169.4 ± 5.4 168.4 ± 5.7 vs. 
167.9 ± 4.3 cm 
Weight: 72.2 ± 10.2 vs. 
74.2 ± 13.4 vs. 73.6 ± 13.4 vs. 
68.7 ± 9.3 kgs 
BMI: 24.7 ± 3.3 vs. 25.8 ± 4.4 
vs. 25.9 ± 4.4 vs. 
24.4 ± 3.8 kg·m−2 

BF%: 22.9 ± 7.0 vs. 25.1 ± 8.2 
vs. 26.7 ± 7.7 vs. 24.0 ± 6.4% 

VO max: 2 

44 mL·kg·min 
Espinoza et al. [73] Leger test 

CRF decreased significantly across the 
age groups. Post hoc analysis showed a 
significantly lower relative VO2max in 
the 35–44 age group as compared with 
the 25–34 age group and in the 45–54 age 
group as compared with the 25–34 age 
group. Post hoc analysis of absolute 
VO2max revealed a significantly higher 
CRF in the 25–34 age group as 
compared with the 35–44 group, the 
45–54 age group, and the 55+ group. 

VO2max: 50.9 ± 7.4 
vs. 45.0 ± 7.1 vs. 
42.8 ± 6.4 vs. 
45.2 ± 5.1 
METs: 14.6 ± 2.1 vs. 
12.9 ± 2.0 vs. 
12.2 ± 1.8 vs. 
12.9 ± 1.5 METs 

Cross-sectional study 
USA, San Diego 

96 Full-time female 
firefighters 

Graded exercise 
test 

Kirlin et al. [74] 

Cardiorespiratory fitness was 
significantly different between age 
groups, BF% categories, and BMI 
categories in firefighters. In addition, 
age, BF%, and BMI were significant 
predictors of cardiorespiratory fitness. 

Age: 38 ± 10 years 
BF%: 24.6 ± 7.0% 

BMI: 26.0 ± 3.8 kg·m−2 

Cross-sectional study 
Belgium, Ghent 

VO max: 46.5 ± Maximal treadmill 
exercise stress test 

2 

8.8 mL·kg·min 
Kiss et al. [75] 1249 Firefighters 
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Table 1. Cont. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

Cardiorespiratory fitness was 
significantly and negatively associated 
with BF% (r = −0.597), BMI 
(r = −0.497), maximal SBP (r = −0.305), 
maximal DBP (r = 0.262), and resting 
HR (r = 0.320). Lean body mass was 
significantly positively correlated with 
cardiorespiratory fitness (r = 0.576). 
Results of bivariate logistic regression 
show that %BF (odds ratio [OR] = 1.24, 
p < 0.01), estimated VO2 max 
(OR = 0.90, p < 0.05), and metabolic 
syndrome (OR = 2.66, p < 0.05). 
The age group (p < 0.001) was 
significantly related to 10-year ASCVD 
risk. BMI and sex were not significantly 
associated with 10-year ASCVD risk. No 
significant association was found between 
VO2 max and 10-year ASCVD risk. 
In total, 49% of firefighters did not meet 
the minimum cardiorespiratory fitness 
level of 42.0 mL·kg·min. 
VO2 max, body fat values, and age 
group were significantly associated 
with the number of metabolic syndrome 
components among males and body fat 
values, but VO2max and age group, 
were not significantly associated with 
the number of metabolic syndrome 
components among females. 
VO2 max (p < 0.001) was negatively 
associated with the number of 
metabolic syndrome components. 

Age: 34.9 ± 7.9 years 
Height: 178.2 ± 6.2 cm 
Weight: 85.0 ± 12.0 kgs 

BMI: 26.7 ± 3.0 kg·m−2 

BF%: 18.7 ± 6.3% 
SBP: 122.0 ± 8.4 mmHg 
DBP: 78.3 ± 7.2 mmHg 

Graded 
exercise test 
Bicycle 
ergometer test 

Cross-sectional study 
USA, New Mexico 

80 Male and female 
firefighters 

VO2max: 38.4 ± 

6.8 mL·kg·min 
Houck et al. [76] 

Age: 46.88 ± 5.67 years 
Height: 1.78 ± 0.10 m 
Weight: 89.2 ± 17.3 kgs 

BMI: 28.6 ± 10.1 kg·m−2 

BF%: 23.8 ± 7.01% 

294 Full-time male 
and female 
firefighters 

Cross-sectional study 
USA, Colorado 

VO2 max: 44.5 ± 

5.94 mL·kg·min 
Maximal 
exercise test 

Li et al. [77] 

Age: 37.2 ± 9.8 years 
Male: 37.1 ± 9.8; 
female 38.0 ± 10.1 
BF%: female: 21.1 ± 7.9%; 
male: 18.4 ± 6.7% 

Cross-sectional study 
USA, Colorado 

1099 Male and 
female firefighters 

VO max: 46.9 ± 2 

6.8 mL·kg·min 
Li et al. [78] Bruce protocol 
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Table 1. Cont. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

Significant differences between 
individuals with >11 MET versus 
individuals with <9 MET for all factors 
with the exception of total cholesterol, 
fasting blood sugar, and SBP. 
The high CRF group was significantly 
younger with lower BMI, triglycerides, 
LDL, resting heart rate, DBP, 
and higher HDL. 
The frequency of subjects with CVD risk 
factors in the group with AF < 9 MET 
was significantly higher than that in the 
group with AF ≥ 9 MET (p < 0.05) for 
all factors except triglycerides. 
Individuals with low AF were more 
than 5 times as likely to smoke, not 
participate in physical activity, and 
have higher LDL-C levels than 
firefighters with high AF. 

Age: 34.18 years 

BMI: 25.61 kg·m−2 

Aerobic fitness: 

33.76 mL·kg−1 ·min−1 

SBP: 116.93 mmHg 
DBP: 76.03 mmHg 
TC: 5.22 ± 0.72 mmol·L 
LDL-C: 3.11 ± 0.63 mmol·L 
HDL-C: 1.02 ± 0.17 mmol·L 
TG: 1.6 ± 0.7 mmol·L 
FGL: 5.0 ± 0.6 mmol·L 

Cross-sectional study 
Iran, Tehran 

157 Male 
firefighters 

YMCA bicycle 
ergometer test 

Seyedmedi et al. [30] METs: 9.64 METs 

Age: 37.2 ± 8.9 
BF%: 24.1 ± 5.4 
BMI: 29.5 ± 5.5 
FGL: 5.1 ± 0.6 mmol·L 
TC: 4.79 ± 0.77 mmol·L 
LDL-C: 2.97 ± 0.87 mmol·L 
HDL-C: 1.20 ± 0.34 mmol·L 
TG: 1.5 ± 1.2 mmol·L 

There were significant differences 
among BMI (p < 0.01), BF% (p < 0.001), 
cholesterol (p < 0.05), triglycerides 
(p < 0.001), HDL-C (p < 0.05), and 
LDL-C (p < 0.01) between the low fit 
and high fit groups. 

Cross-sectional study 
USA, Texas 

46 Full-time 
firefighters 

McAllister et al. [79] VO2max: 35.0 ± 9.6 Bruce protocol 
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Table 1. Cont. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

VO2max was negatively correlated with 
age (r = 20.21, p < 0.001), WC (r = 20.50, 
p < 0.001), BMI (r = −0.45, p < 0.001), 
and BAI (r = −0.35, p < 0.001). 
The proportion of obese FF among the 
less fit firefighters was 5.5-fold higher 
than among the fittest group. 
Poor cardiorespiratory fitness (<12 METs) 
was associated with all indices of obesity, 
i.e., BMI (p < 0.001), BAI (p < 0.001), BF% 

(p <0.001), and WC (p < 0.001). 

Age: 39 (22–49) years 

BMI: 26.6 (16.9–43.8) kg·m−2 

WC: 90.0 cm (55.0–136.0) 
BAI = 24.9 (10.5–38.3) 
BF% = 21.7% (14.0–34.3%) 

Cross-sectional 
studyBrazil 

4237 Full-time male 
firefighters 

VO max: 2 

42.4 mL·kg·min 
Nogueira et al. [19] 12 min Cooper test 

Age: 33 ± 7 years 
Height: 176 ± 6 cm 
Weight: 75.8 ± 8.4 kgs 

BMI: 24.4 ± 2.3 kg·m−2 

Cross-sectional study 
Italy, Rome 

161 Male 
firefighters 

VO2max: 51.8 ± 6.8 
mL·kg·min 

Queensland 
College step test 

Age was significantly related to 
cardiorespiratory fitness in firefighters. 

Perroni et al. [42] 

PNN50, rMSSD, and LHR were 
significantly different between 
cardiorespiratory fitness categories. 
Fitter firefighters had better 
heart rate variability. 

SRPA 
questionnaire 
estimated VO2max 

Cross-sectional study 
Brazil 

Age: 41 years 

BMI: 26.1 kg·m−2 

VO2max: 
42.4 mL·kg·min 

Porto et al. [80] 38 Firefighters 

Age: 38.64 ± 10.57 years 
Height: 178.45 ± 6.45 cm 
Weight: 92.33 ± 16.47 kgs 

BMI: 28.86 ± 4.83 kg·m−2 

BF%: 25.56 ± 6.95% 
SBP: 125.9 ± 13.2 mmHg 
DBP: 79.2 ± 10.6 mmHg 
TC: 4.06 ± 1.03 mmol·L 
LDL-C: 2.6 ± 0.9 mmol·L 
HDL-C: 0.98 ± 0.32 mmol·L 
TG: 1.4 ± 0.9 mmol·L 

478 Full-time and 
199 volunteer 
firefighters 

METs: 10.9 ± 2.5 
VO2max: 37.8 ± 

8.1 mL·kg·min 

Self-report of 
physical activity 
questionnaire 

Obese firefighters had significantly 
lower cardiorespiratory fitness than 
non-obese firefighters. 

Cross-sectional study 
USA, Missouri 

Poston et al. [81] 
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Table 1. Cont. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

Age group: 30–34 vs. 40–
44 years 
Age: 32.5 ± 1.5 vs. 
41.8 ± 1.4 years 
Height: 179.8 ± 6.0 vs. 
176.6 ± 5.5 cm 
Weight: 83.6 ± 8.0 vs. 
83.6 ± 8.4 kgs 
BMI: 25.9 ± 2.2 vs. 

26.9 ± 2.7 kg·m−2 

Experience: 10.4 ± 2.5 vs. 
19.3 ± 2.3 years 
Age: 40.5 ± 9.0 years 

BMI: 25.9 ± 3.2 kg·m−2 

BF%: 17.7 ± 6.2% 
WC: 89.8 ± 10.0 cm 
Experience: 16.3 ± 9.1 years 
SBP: 126.4 ± 9.8 mmHg 
DBP: 84.1 ± 7.4 mmHg 
TC: 5.1 ± 0.9 mmol·L 
LDL-C: 2.9 ± 0.8 mmol·L 
HDL-C: 1.4 ± 0.3 mmol·L 
TG: 1.6 ± 0.8 mmol·L 

Age-standardized regular smoking 
(p = 0.048) and the sum of variables 
related to lifestyle factors (p = 0.034) 
significantly predicted absolute 
VO2max after 13 years. 

VO2max: 41.7 ± 6.42 
vs. 36.0 ± 5.97 
mL·kg·min 

Incremental 
exercise bicycle 
ergometer test 

Longitudinal study 
Finland, Helsinki 

78 Full-time male 
firefighters 

Punakallio et al. [82] 

Higher lipid concentrations, DBP, SBP, 
heart rates, WC, BF%, and years of 
work experience were inversely related 
to lower cardiorespiratory fitness levels. 
Significant associations were present 
between higher cardiorespiratory 
fitness and lower BMI (p < 0.0001), WC 
(p < 0.0001), BF% (p < 0.0001), SBP 
(p = 0.0061), triglycerides (p = 0.0018), 
and total cholesterol levels (p = 0.0443). 

Bicycle 
spiroergometric 
exercise stress test 

Cross-sectional study 
Germany, Westphalia 

97 Full-time male 
firefighters 

METs: 10.7 ± 

1.8 METs 
Strauss et al. [40] 
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Table 1. Cont. 

Study Design 
and Setting 

Cardiovascular Disease 
Risk Factors 

Cardiorespiratory 
Fitness 

Performance 
Measures 

References Sample Outcome 

Cardiorespiratory capacity was 
significantly related to age (p < 0.001), 
BMI (p < 0.001), and WC (p < 0.001). 
Firefighters older than 45 years and 
those that were obese or had central 
obesity had a mean VO2max under 
42 mL·kg·min. 
CRF was significantly different between 
the age group categories (p < 0.001). 
There was a significant negative 
correlation between CRF and age 
(r = −0.50, p < 0.01). 

Age: 40.4 ± 11.5 years 
BMI: 25.9 ± 3.4 kg·m−2 

WC: 92.3 ± 10.3 cm 
HRmax: 99.7 ± 7.6 bpm 

Maximal treadmill 
and bicycle 
ergometer exercise 
stress test 

Vandersmissen 
et al. [83] 

Cross-sectional 
study Belgium 

605 Full-time male 
firefighters 

VO2max: 43.3 ± 

9.8 mL·kg·min 

Age: 47.1 ± 6.8 years 

BMI: 26.6 ± 2.5 kg·m−2 

BF%: 22.9 ± 5.0 
SBP: 125.4 ± 21 mmHg 
DBP: 88.9 ± 21.6 mmHg 

Cross-sectional 
study Italy 

104 Full-time male 
firefighters 

VO max: 45.7.3 ± 2 

7.0 mL·kg·min 
Vicente et al. [84] Shuttle test 

Note: Units of measurements: m—meters; cm—centimeters; kgs—kilograms; VO2—oxygen consumption; VO2max—maximum oxygen consumption; HR—heart rate; BMI—body mass 

index; WC—waist circumference; BF%—body fat percentage; BAI—body adiposity index; kg·m−2—kilograms per meter squared; mL·kg·min.- milliliters per kilogram per minute; 
bmp—beats per minute; SBP—systolic blood pressure; DBP—diastolic blood pressure; TC—total cholesterol; LDL-C—low-density lipoprotein cholesterol; HDL-C—high-density 
lipoprotein cholesterol; TG—triglycerides; FBG—fasting blood glucose; PNN50—successive normal sinus (NN) intervals exceeding 50 ms, rMSSD—root mean square root of successive 
differences; LHR—low/high-frequency ratio; ASCVD—atherosclerotic cardiovascular disease. 
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3.2. The Association between Aging and Cardiorespiratory Fitness in Firefighters 

Aged firefighters had a significantly worse cardiorespiratory fitness level as compared 
with younger firefighters [71–75,83,84]. In addition, aged firefighters were less likely to meet 
the minimum cardiorespiratory requirements for firefighting. In Figure 2A, age had a signif- 
icant negative pooled random effect on cardiorespiratory fitness (MD = −7.59 mL·kg·min, 

Z = 4.94, p < 0.001] [71,74,75,83,84], with substantial heterogeneity (I2 = 96%), but no indica- 
tion of publication bias (p = 0.623) (Figure S2C: Supplementary File S5). After subgroup anal- 

ysis, heterogeneity remained at a considerable level (I2 = 72%) for non-treadmill testing. Not 
meeting the minimum cardiorespiratory fitness level had a significant positive pooled ran- 
dom effect on age in firefighters (MD = 9.33 years, Z = 5.94, p < 0.001) [30,40,69] (Figure 2B), 

with considerable heterogeneity present (I2 = 65%) between studies; however, there was no 
evidence of publication bias (Egger’s test p = 0.263) (Figure S2D: Supplementary File S5). 
After subgroup analysis, heterogeneity was reduced to 0% when a bicycle ergometer testing 
protocol was used. 

Figure 2. The association between age and cardiorespiratory fitness in firefighters: (A) The association 

between age and cardiorespiratory fitness with subgroup analysis [71,74,75,83,84]; (B) the association 

between cardiorespiratory fitness and age with subgroup analysis [30,40,69]. 
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3.3. The Association between Obesity and Cardiorespiratory Fitness in Firefighters 

Obese firefighters had reduced cardiorespiratory fitness, with many of them not 
meeting the minimum recommended requirement of 42 mL·kg·min for active duty 
[19,49,72,73,75,79,83–86]. In Figure 3A, we show that obesity had a significant nega- tive 
pooled random effect on cardiorespiratory fitness (MD = −8.24 mL·kg·min, Z = 10.29, p < 

0.001) [19,73,75,83,85], with considerable heterogeneity between studies (I2 = 87%), and no 
indication of publication bias (Egger’s Test p = 0.089) (Figure S3C: Supplementary File S5). 

After subgroup analysis, there was homogeneity (I2 = 0%) present between studies when car- 
diorespiratory fitness was assessed using a treadmill protocol. The effect remained for obese as 
compared with non-obese firefighters on cardiorespiratory fitness (MD = −8.09 mL·kg·min, 
Z = 15.64, p < 0.001) [73,85]. In Figure 3B, not meeting the minimum cardiorespiratory 

fitness level had a significant positive pooled random effect on BMI (MD = 2.72 kg·m−2, Z 

= 5.62, p < 0.001) [30,40,69,79], with moderate heterogeneity between studies (I2 = 64%); 
however, no indication of publication bias was seen (Egger’s test p = 0.598) (Figure S3D: 

Supplementary File S5). After subgroup analysis, heterogeneity was reduced (I2 = 31%) 
when a treadmill testing protocol was used to estimate cardiorespiratory fitness. 

Figure 3. The association between obesity status on cardiorespiratory fitness in firefighters: (A) The 

association between obesity status and cardiorespiratory fitness with subgroup analysis [19,73,75,83,85]; 

(B) the association between cardiorespiratory fitness and BMI with subgroup analysis [30,40,69,79]. 
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3.4. The Effect of Cardiorespiratory Fitness on Blood Pressure in Firefighters 

Systolic and diastolic blood pressure significantly and inversely influenced the car- 
diorespiratory fitness in firefighters [30,40,69,72,73,79]. Furthermore, higher blood pressure 
measurements reduced the overall cardiorespiratory fitness in firefighters since those with 
higher blood pressure were less likely to meet the minimum cardiorespiratory re- 
quirements for firefighting. In Figure 4A, not meeting the minimum cardiorespiratory 
fitness level had a significant positive pooled random effect on systolic blood pressure 
(MD = 5.69 mm Hg, Z = 5.94, p < 0.001) [30,40,69], with no heterogeneity between studies 

(I2 = 0%) (Figure S4C, Supplementary File S5). Not meeting the minimum cardiorespira- 
tory fitness level had a significant positive pooled random effect on diastolic blood pressure 
in firefighters (MD = 3.43 mm Hg, Z = 2.45, p = 0.01) (Figure 4B) [30,40,69] with consider- 

able heterogeneity present (I2 = 63%) between studies; however, there was no evidence of 
publication bias (Egger’s test p = 0.269) (Figure S4D, Supplementary File S5). After sub- 
group analysis, heterogeneity was reduced to 0% when a bicycle ergometer testing protocol 
was used. The effect remained significant for cardiorespiratory fitness levels on diastolic 
blood pressure after subgroup analysis (MD = 5.01 mm Hg, Z = 3.95, p < 0.001) [30,40]. 

Figure 4. The association between cardiorespiratory fitness and blood pressure in firefighters: (A) The 

association between cardiorespiratory fitness and systolic blood pressure [30,40,69]; (B) the association 

between cardiorespiratory fitness and diastolic blood pressure with subgroup analysis [30,40,69]. 

3.5. The Effect of Cardiorespiratory Fitness on Blood Cholesterol Concentration in Firefighters 

Total cholesterol was significantly related to cardiorespiratory fitness in firefi- ghters 
[30,40,69,79]. In addition, LDL-C [30,40,69,79] and triglycerides [30,40,69,79] were 
significantly and negatively related to cardiorespiratory fitness, with those firefighters being 
less likely to meet the minimum cardiorespiratory fitness requirements for firefighting. The 
meta-analysis indicated that there was a significant positive pooled random effect for not 
meeting the minimum cardiorespiratory fitness level on total cholesterol concentration in 
firefighters (MD = 0.39 mmol·L, Z = 3.80, p < 0.001) [30,40,69,79] (Figure 5A), with 

moderate heterogeneity among the studies (I2 = 52%), but there was no indication of 
publication bias (Egger’s Test p = 0.312, Figure S5D, Supplementary File S5). After subgroup 

analysis, heterogeneity was reduced (I2 = 37%) when testing used a bicycle ergometer 
protocol but remained moderate. Not meeting the minimum cardiorespiratory fitness 
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level had a significant pooled random effect on LDL-C concentration (MD = 0.30 mmol·L, 
Z = 4.44, p < 0.001) [30,40,69,79] (Figure 5B), with low heterogeneity among the included 

studies (I2 = 12%). There was a significant pooled effect for not meeting the minimum 
cardiorespiratory fitness on triglyceride concentration in firefighters (MD = 0.51 mmol·L, 

Z = 3.76, p < 0.001] [30,40,69,79] (Figure 5C), with considerable heterogeneity (I2 = 69%) 
among the studies; however, there was no evidence of publication bias (Egger’s test 
p = 0.144) (Figure S5F, Supplementary File S5). Heterogeneity was not removed following 

subgroup analysis (I2 = 75%). 

Figure 5. The association between cardiorespiratory fitness and blood lipid concentrations in fire- 

fighters: (A) The association between cardiorespiratory fitness and total cholesterol concentration 

with subgroup analysis [30,40,69,79]; (B) the association between cardiorespiratory fitness and low- 

density lipoprotein concentration with subgroup analysis [30,40,69,79]; (C) the association between 

cardiorespiratory fitness and triglyceride concentration with subgroup analysis [30,40,69,79]. 

3.6. The Effect of Cardiorespiratory Fitness on Blood Glucose in Firefighters 

Blood glucose was significantly and negatively related to cardiorespiratory fitness in 
firefighters [30,69,73,79]. There was a significant positive pooled random effect for 
cardiorespiratory fitness on blood glucose concentration in firefighters (MD = 0.32 mmol·L, 

Z = 2.33, p < 0.001) [30,69,79] (Figure 6A). There was considerable heterogeneity (I2 = 72%) 
present among the studies (Figure S6B, Supplementary File S5), but there was no indication 
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of publication bias (Egger’s test p = 0.362). After subgroup analysis, heterogeneity was not 

reduced (I2 = 81%). 

Figure 6. The association between cardiorespiratory fitness and blood glucose in firefighters: (A) The 

association between cardiorespiratory fitness and blood glucose concentration [30,69,79]. 

3.7. The Associations between Cigarette Smoking, Physical Inactivity, CVD Risk, and Heart Rate 
Variability and Cardiorespiratory Fitness in Firefighters 

Punakallio et al. [82] and Durand et al. [35] reported that cigarette smoking was 
significantly associated with cardiorespiratory fitness in firefighters. Physical inactivity was 

significantly related to cardiorespiratory fitness in firefighters [35]. Li et al. [77] reported that 
overall, the 10-year ASCVD risk was not significantly related to cardiorespiratory fitness, 

after controlling for BF% in firefighters. Metabolic syndrome and an increasing number of 
cardiometabolic risk factors were significantly and negatively related to cardiorespiratory 
fitness in firefighters [41,70,78]. Porto et al. [80] reported that the number of times the 

change in successive normal sinus intervals exceeds 50 ms (PNN50), the root mean square 
of successive differences between normal heartbeats (rMSSD), and low-frequency and high- 

frequency ratio (LHR) were significantly different between cardiorespiratory fitness levels. 

3.8. Correlations between Cardiovascular Disease Risk Factors and Cardiorespiratory Fitness 

In Table 2, there was a significantly low negative correlation between age and cardiores- 

piratory fitness (R = −0.471, p < 0.001) [72,73,75], with moderate heterogeneity (I2 = 47%). 

After subgroup analysis, homogeneity (I2 = 0%) was present among the studies, when 
treadmill testing was used to assess cardiorespiratory fitness. There was a significantly 
moderate negative correlation between obesity and cardiorespiratory fitness (R = −0.595, p 

< 0.001) [49,72,73,75,76,84,86] with substantial heterogeneity (I2 = 77%) among the studies. In 
subgroup analysis, there was no heterogeneity between studies using a cycle ergometer for 

testing (I2 = 0%). There was a significantly high negative correlation between central 
obesity and cardiorespiratory fitness (R = −0.715, p < 0.001) [49,73], with considerable 

heterogeneity (I2 = 80%) among the studies. There was a significantly moderate nega- tive 
correlation between body-fat percentage and cardiorespiratory fitness (R = −0.663, p < 

0.001) [72,73,76,84], moderate heterogeneity (I2 = 55%) among the studies, and no indi- 

cation of publication bias (Egger’s test p = 0.455). Heterogeneity was reduced (I2 = 27%) 
following subgroup analysis on testing procedures that used a cycle ergometer. There was 
a significantly negligible negative correlation between systolic blood pressure and car- 

diorespiratory fitness (R = −0.190, p = 0.007) [72,73,84], with homogeneity (I2 = 0%) present 
among the studies. There was a significantly low negative correlation between diastolic 
blood pressure and cardiorespiratory fitness (R = −0.267, p = 0.028) [72,73,84], with moder- 

ate heterogeneity (I2 = 47%) present among the studies and no indication of publication 
bias (Egger’s test p = 0.089). Heterogeneity was not reduced in subgroup analysis. 
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Table 2. The correlations between age, obesity, and blood pressure and cardiorespiratory fitness. 

Heterogeneity I2; 
Cohen’s Q; 
p-Value 

No. of 
Studies 

No. of 
Participants 

Egger’s Test 
Intercept (95%CI); p 

Begg’s Test 
(τ; p) 

Outcome R (95% CI) Z Score p (Overall Effect) 

Age 
Treadmill testing 
Gas analysis 
Obesity 
Treadmill testing 
Non-Treadmill testing 
Gas analysis 
Central obesity 
Body-fat percentage 
Cycle ergometer testing 
Systolic blood pressure 
Treadmill testing 
Diastolic blood pressure 
Treadmill testing 

4 
2 
2 
7 
3 
4 
3 
2 
4 
2 
3 
2 
3 
2 

1434 
105 
1254 
1632 
1330 
302 
245 
105 
290 
110 
209 
105 
209 
105 

−0.471 (−0.562 to −0.369) 
−0.334 (−0.497 to −0.150) 
−0.451 (−0.654 to −0.188) 
−0.595 (−0.681 to −0.493) 
−0.645 (−0.819 to −0.362) 
−0.560 (−0.634 to −0.476) 
−0.658 (−0.808 to −0.428) 
−0.715 (−0.884 to −0.3810 
−0.663 (−0.753 to −0.550) 
−0.639 (−0.739 to −0.511) 
−0.190 (−0.319 to −0.053) 
−0.230 (−0.406 to −0.0367) 
−0.267 (−0.475 to −0.030) 
−0.375 (−0.622 to −0.059) 

−8.073 
−3.460 
−3.215 
−9.263 
−3.879 
−10.769 
−4.652 
−3.543 
−8.640 
−7.715 
−2.716 
−2.326 
−2.202 
−2.310 

<0.001 ** 
0.001 ** 
0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
<0.001 ** 
0.007 ** 
0.020 * 
0.028 * 
0.021 * 

47%; 5.66; 0.129 
0%; 0.24; 0.628 
63%; 2.67; 0.102 
73%; 22.08; <0.001 
90%; 20.89; <0.001 
0%; 1.03; 0.793 
85%; 13.57; 0.001 
80%; 4.96; 0.026 
55%; 6.62; 0.085 
27%; 1.37; 0.241 
0%; 0.37; 0.829 
0%; 0.03; 0.854 
47; 1.72; 0.129 
57%; 2.33; 0.127 

1.72 (−0.65 to 4.10); 0.089 
1.40 (–); <0.001 
1.93 (–); <0.001 
−1.28 (−4.12 to 1.57); 0.301 
−2.71 (−42.69 to 37.28); 0.548 
0.59 (−6.08 to 7.27); 0.739 
−34.02 (−691.86 to 623.82); 0.629 
6.43 (–); <0.001 
−3.26 (−18.49 to 11.98); 0.455 
−3.34 (–); <0.001 
−0.49 (−17.06 to 16.08); 0.772 
0.53 (–); <0.001 
1.72 (−0.65 to 4.10); 0.089 
−4.41 (–); <0.001 

0.67; 0.174 
1.00; 0.317 
1.00; 0.317 
−0.19; 0.538 
−0.33; 0.602 
0.33, 0.602 
−0.33; 0.602 
1.00; 0.317 
−0.67; 0.174 
−1.00; 0.317 
−0.33; 0.602 
1.00; 0.317 
0.67; 0.174 
−1.00; 0.317 

Note: * indicates significant <0.05; ** indicates significant <0.01. Italics—indicates subgroup analysis. 
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4. Discussion 

4.1. Summary of Evidence 

To the best of the authors’ knowledge, this is the first systematic review and meta- 

analysis performed to examine the relationship between CVD risk factors and cardiorespi- 
ratory fitness in firefighters. The results indicated that CVD risk factors had a statistically 

significant and inverse association with cardiorespiratory fitness in firefighters. This was 
particularly true for age, obesity, blood pressure, and blood lipid concentration. Collectively, 

having a better overall cardiovascular disease risk profile may have a compounded effect 
on firefighters’ health, significantly improving their overall cardiorespiratory fitness and 
reducing their on-duty risks. 

4.2. Cardiovascular Disease Risk Factors and Cardiorespiratory Fitness 

Aged firefighters had poorer cardiorespiratory fitness as compared with younger fire- 

fighters. In addition, firefighters that did not meet the minimum required cardiorespiratory 
fitness were older than those who met the minimum required cardiorespiratory fitness 

level. Aging causes a decrease in vascular elasticity, which may negatively affect blood 
flow toward muscles [87,88]. In addition, the atrial and ventricular chambers of the heart 

show reduced elasticity [46,89], which negatively affects stroke volume and reduces blood 
flow toward the working muscles [88,89]. Furthermore, aging has been shown to reduce 

muscle functions, particularly those related to muscular force production [46]. Research 
has indicated that firefighters tend to become more physically inactive as they age, which 
may assist in the steady decline in cardiorespiratory fitness seen in this population with 

time [35,48,49]. 
The results of our systematic review and meta-analysis indicated that obese firefight- 

ers had a significantly lower cardiorespiratory fitness level as compared with non-obese 
firefighters. In addition, firefighters that did not meet the minimum cardiorespiratory 
fitness levels had a higher BMI than those that met the requirement. Previous system- atic 

reviews have indicated that obesity significantly reduced cardiorespiratory fitness in 
sportsmen [90,91] and emergency occupations alike [8,92,93]. Moreover, obesity has been 

shown to increase the incidence of duty-related fatalities in firefighters [2]. Obesity increases 
non-functional mass in firefighters that are required to be carried. Increased peripheral 

resistance subsequently increases blood pressure, which reduces atrial preload, negatively 
affecting stroke volume and oxygen uptake to working muscles [47,94]. Increased fat mass 
increases the effort of respiratory muscles to expand the rib cage, reducing the available 

oxygen content toward working muscles [95]. Firefighters are required to carry additional 
weight while on duty [5], and therefore, firefighters are required to have a much higher 

cardiorespiratory fitness to cope with these stressors [6,83,96]. Obese firefighters who carry 
additional heavy protective gear may be significantly predisposed to poorer occupational 
performance [6,83,96] and significantly higher cardiorespiratory strain [3]. 

Firefighters that met the minimum cardiorespiratory standard had lower systolic and 

diastolic blood pressure than firefighters that did not meet the minimum requirements. 
Increased blood pressure, due to reduced vascular elasticity and increased total peripheral 

resistance, directly reduced stroke volume [97]. As mentioned previously, a reduction in 
stroke volume diminishes the quantity of oxygen transported to working muscles, limiting 
oxygen usage and energy production [43,97]. Firefighters should maintain normal and 

preferably optimal blood pressure levels throughout their careers to maintain adequate 
cardiorespiratory fitness levels, through multiple interventions. 

In the present study, firefighters that did not meet the minimum cardiorespiratory 
fitness standard for firefighting had significantly higher concentrations for total cholesterol, 
LDL-C, triglycerides, and blood glucose. The current results were supported by previous 

literature that indicated physical fitness was significantly related to LDL-C and triglyceride 
concentrations [45,98,99]. Rumora et al. [100] reported that high LDL-C levels impaired 

mitochondrial function, by reducing oxygen uptake and subsequently reducing aerobic 
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capacity. Physical activity was reported to improve blood lipid concentrations, specifi- 
cally in reducing LDL-C and increasing HDL-C [99]. In addition, previous reviews have 

indicated that blood glucose and diabetes were significantly related to cardiorespiratory 
fitness [44,101]. The prevalence of diabetes is relatively low in firefighters; however, dia- 
betes may have the highest overall impact on their overall cardiorespiratory fitness levels 

among the haematological parameters [9,12,27,30,33,69,102]. 
In previous studies, cigarette smoking and physical activity were investigated in rela- 

tion to cardiorespiratory fitness in firefighters; however, insufficient studies were available 
to perform a meta-analysis. The results indicated that cigarette smoking was significantly 
related to declining cardiorespiratory fitness levels in firefighters over time. This was 

supported by the results of previous systematic reviews that indicated cigarette smoking 
negatively affected the cardiorespiratory fitness of healthy adult males [103]. In addition, 

exposure to passive smoke was also related to reduced cardiorespiratory fitness [103]. 
Physical inactivity, especially in obese firefighters, was significantly related to poorer car- 

diorespiratory fitness in firefighters. This is supported by a previous systematic review in 
young adults, where longer duration of physical activity sessions and higher frequency of 
physical activity were significantly related to cardiorespiratory fitness [104]. Only one 

study was found that investigated the overall effect of cardiovascular risk status on car- 
diorespiratory fitness in firefighters, indicating that a significant gap exists. This has been 

proven in previous research where higher cardiorespiratory fitness improved overall car- 
diovascular risk and all-cause mortality [105,106]. Similar to overall cardiovascular disease 
risk, only one study was found that investigated heart rate variability and cardiorespiratory 

fitness. The results indicated that heart rate variability increased as cardiorespiratory fitness 
increased, suggesting that optimal cardiovascular health was related to higher levels of 

cardiorespiratory fitness [80]. 

4.3. Strengths and Limitations 

The overall quality of the studies that were included in our review was high, with 
most studies being above a score of eighteen. This study provided valuable evidence in an 

understudied research field in firefighters. An inherent weakness is that insufficient studies 
have investigated all the cardiovascular disease risk factors in firefighters, specifically 

cigarette smoking, physical inactivity, and a family history of cardiovascular disease. In 
addition, only one study used an overall risk score to determine cardiovascular risk on 
cardiorespiratory fitness. Several studies that were included did not include a selection 

procedure that would allow researchers to choose individuals who were representative of 
the intended population and the sample frame was not taken from an appropriate 

population base. A limited number of studies were available for many of the analyses, 
reducing the strength of the inferences that could be made. Lastly, cardiorespiratory 
fitness was not consistently measured in the same way, which likely contributed to the 

heterogeneity of results that could not be explained through subgroup analysis. 

5. Conclusions 

The current systematic review and meta-analysis support previous findings suggesting 
that firefighters need to maintain optimum cardiovascular health and cardiorespiratory 
fitness throughout their careers. As the reciprocal relationship indicated, this will re- duce 

the likelihood of firefighters’ cardiorespiratory fitness dropping below the minimum 
requirements for firefighting. Decreased cardiorespiratory fitness was attributed to the 

development and progression of CVD risk factors, which was most notable in firefighters 
not meeting the minimum recommended fitness level. Given that firefighters actively 
maintain their cardiorespiratory fitness levels, this is expected to have a positive effect on 

their cardiovascular health, subsequently reducing the risk of CVD-related morbidity and 
mortality. Fire and Rescue departments should promote regular physical activity and 

behavioral medication programs designed to not only increase the cardiorespiratory fitness 
of firefighters but improve their overall cardiovascular health status. It is recommended 
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that fire departments should adopt scheduled physical activity or exercise programs while 
firefighters are on-duty and should ensure that firefighters are regularly assessed to mea- 

sure their cardiorespiratory health. Future research should focus on the collective effect 
that an increased CVD risk status may have on cardiorespiratory fitness in firefighters. In 
addition, more studies should be conducted on cardiorespiratory fitness in relation to total 

fitness. i.e., muscular endurance, muscular strength, flexibility, and body composition. Few 
studies investigated the relationship between heart rate variability and cardiorespiratory 

fitness, indicating a significant research gap in this particular area. 

6. Patents 

Protocol Registration 

Details of the protocol for this systematic review were registered on PROSPERO 
(CRD42022330510) and can be accessed at: https://www.crd.york.ac.uk/prospero/display_ 

record.php?ID=CRD42022330510 (accessed on 18 December 2022). 

Supplementary Materials: The following supporting information can be downloaded at: https://www. 

mdpi.com/article/10.3390/ijerph20042816/s1, Supplementary File S1: Search strategry; Supplementary 

File S2: Data extraction form; Supplementary File S3: Data extraction form; Supplementary File S4: 

Table S1. critical appraisal of cross-sectional studies (adapted from the appraisal tool for cross-sectional 

studies checklist); Table S2: Critical Appraisal Skills Programme of cohort and case-controlled studies 

(adapted from the Critical Appraisal Skills Programme). Supplementary File S5: Figure S2C: Funnel plot 

for publication bias; Figure S2D: Funnel plot for publication bias; Figure S3C: Forest plot for publication 

bias; Figure S3D: Forest plot for publication bias; Figure S4C: Forest plot for publication bias; Figure S4D: 

Forest plot for publication bias; Figure S5D: Forest plot for publication bias; Figure S5E: Forest plot for 

publication bias; Figure S5F: Forest plot for publication bias; Figure S6B: Forest plot for publication bias. 
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Abstract 

Musculoskeletal injuries in firefighters are a common occurrence, that increase as firefighters age, and may be related to the 

firefighters’ physical activity habits outside of the job. Certain CAD risk factors, such as obesity, cigarette smoking and 

ageing may be linked to increased injury risk in firefighters. Although firefighters may meet the recommended minimum 

physical activity minutes, they may remain at risk for sustaining musculoskeletal injuries. Therefore, this study aims to 

determine the relationship between physical activity and CAD risk factors, between CAD risk factors and musculoskeletal 

injuries and between physical activity and musculoskeletal injuries. A total of 124 full-time firefighters, males and females, 

were conveniently recruited from the City of Cape Town Fire and Rescue Service. A researcher- generated questionnaire 

was used to collect injury, CAD risk factor and physical activity data. The proportion of firefighters who participated in 

leisure-time physical activity (LTPA) was 63.7%, and those who were physically inactive was 69.4%. The prevalence 

musculoskeletal injuries among all firefighters was 27.4%. The most prevalent musculo- skeletal injury was shoulder injuries 

in 35.3% of firefighters, followed by multiple injuries in 26.5% and back injuries in 14.7%. Age was a significant predictor of 

physical inactivity in firefighters [P = .002, OR = 1.08], BMI was a significant predictor of physical inactivity [P = .050, OR = 

1.08], cigarette smoking was a significant predictor of firefighters not exercising [P = .007, OR = 2.31] and the total amount 

of vigorous-intensity exercise was a significant predictor of musculoskeletal injuries [P = .050, OR = 1.00]. In conclusion, 

older firefighters were more physically inactive and had a higher prevalence of musculoskeletal injuries, and the latter 

decreased significantly after the age of 50 years. Emphasis should be placed on firefighters exercising in their leisure-

time, especially as they aged. 
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Introduction 

Firefighting is a strenuous occupation that places tremendous 

physical workloads on firefighters.1-3 Firefighters are rou- 

tinely exposed to environmental hazards that contribute to the 

high prevalence of musculoskeletal injury and cardiovascular 

disease.1,4,5 Firefighter-specific tasks, such as equipment 

carries, door breaches and hose-drag cause firefighters to be at 

high risk of musculoskeletal injuries.1,4,6 These tasks coupled 

with the environmental factors, such as severe temperatures, 

and hazardous terrain, cause significant fatigue, which in- 

creases the likelihood of injury.3,6-8 Consequently, if any 

underlying cardiovascular or musculoskeletal disorders are 

present, these can lead to significant morbidity and mortality 

in firefighters.1,4,5,9 Therefore, firefighters need to be in peak 

physical condition and in optimal health in order to prevent 

the occurrence of injuries and cardiovascular events.10,11 

Current literature indicates that musculoskeletal injuries in 

firefighters are a common occurrence, that increase as fire- 

fighters age, and may be related to the firefighters’ physical 

activity habits outside of the job.1,3-5 The increase in mus- 

culoskeletal injuries as firefighters age, may be related to the 

firefighters are physical inactive outside of their occupations, 

which is alarming given the physically intense nature of their 

occupation.18-20 Furthermore, physical inactivity is directly 

correlated to an increase in coronary artery disease (CAD) 

risk factors.19-21 Exercise outside of work has been em- 

phasised in firefighters to maintain their physical fitness and 

readiness for duty.6,22 However, many firefighters are not 

participating in physical activity regularly in their leisure 

time, which is a cause for concern.11,23,24 

Currently, in the City of Cape Town Fire and Rescue 

Service (CoCTFRS), research has indicated that a relatively 

small percentage of firefighters are physically inactive.25 

However, these statistics include occupational activity min- 

utes, not leisure time activity or recreational activity only. 

Although firefighters may meet the recommended minimum 

physical activity minutes, they may remain at risk for sus- 

taining musculoskeletal injuries.6,8,26 This may be attributes 

to the strenuous nature of firefighting, the accumulation of 

overall weekly workload or insufficient muscular strength or 

endurance to cope with the stressors placed upon 

them.1,6,8,14,26 In addition, if firefighters’ caloric intake ex- 

ceeds their physical activity levels, they remain at risk for 

increased adiposity, which is a risk factor for injuries, es- 

pecially as firefighters ages.27-30 It is hypothesised that, firstly, 

leisure time physical activity (LTPA) and physical inactivity 

based on recreational exercise will be significantly related to 

CAD risk factors musculoskeletal health. Secondly, that 

certain CAD risk factors such as cigarette smoking, physical 

inactivity and obesity will be related to musculoskeletal in- 

juries. These results will add valuable knowledge on the 

necessity of firefighters to participate in physical activity 

recreationally, as a means to reduce CAD risk factor 

fitness.1,2,4,8,12,13 progressive decrease in cardiorespiratory 

Obesity is another key factor that plays a role in on-duty 

injuries in firefighters.1,4,5,14 Due to increased body weight, 

especially fat weight, places more strain on the body’s 

musculoskeletal structures while performing occupational 

tasks, that predispose firefighters to injury, especially if 

fit.1,4,10 firefighters are not physically Obesity has been 

shown to be a significant predictor of on-duty musculo- 

skeletal injuries and poor cardiorespiratory performance in 

firefighters.15-17 Various studies report that the majority of 

What do we already know about this topic? 

Age, obesity and physical activity are significantly related to injuries in firefighters. Physical activity may reduce or 

increase injuries incidence in firefighters, depending on the overall total workload. In addition, the intensity of physical 

activity has been shown to be significantly related to CAD risk factors and overall injury incidence. However, these 

relationships are understudied and more research in the field are needed, especially in the City of Cape Town, where 

firefighters are understudied. 

 

How does your research contribute to the field? 

This paper adds new knowledge on physical activity habits, musculoskeletal injuries and coronary artery disease (CAD) 

risk factors in firefighters, in the City of Cape Town Fire and Rescue Service (CoCTFRS). In addition, this paper adds 

valuable knowledge to an understudied population in South Africa. The article highlights the need for behavioural 

education and rehabilitation in the CoCTFRS and where future research needs to be focused. 

 
What are your research’s implications toward theory, practice or policy? 

This study highlights the relationship between physical activity and catalysing CAD risk factors and occupational 

induced workload on firefighters (in a developing country), which is likely linked to the premature morbidity, early 

retirement and mortality seen in this population, and can inform future policy implementation related to physical fitness 

and health maintenance programmes in firefighters. 
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development and reduce the risk of musculoskeletal injuries. In 

addition, these results may, potentially, inform policy changes in 

the CoCTFRS. Therefore, this study aims to determine the re- 

lationship between physical activity and CAD risk factors, be- 

tween physical activity and musculoskeletal injuries and between 

CAD risk factors and musculoskeletal injuries. 

research instruments were calibrated, prior to testing, and was 

assessed for accuracy by comparing the measurements to a 

calibrated instrument. A minimum test-retest reliability co- 

efficient of .8 was required prior to the commencement of the 

study and only 1 tester was used in the study.33 

Obesity was measured as a BMI >30 kg•m-2 or a waist 

circumference for men >102 cm and for woman >88 cm.32 

Hypertension was defined as a resting systolic blood 

pressure ≥140 mmHg or a resting diastolic blood pressure 

≥90 mmHg.[26] Dyslipidemia was defined as total serum 

cholesterol ≥5.18 mmol•L-1.32 Diabetes is defined as an 

impaired fasting glucose (IFG) of between 7.77 and 

11.04 mmol•L-1 or an impaired glucose tolerance (IGT) of 

11.1 mmol•L-1 or above, confirmed on at least two separate 

occasions.32 A family history of heart disease was defined as 

myocardial infarction, coronary revascularization or sudden 

cardiac death before the age of 55 years in the father or other 

male first-degree relative, or before the age of 65 years in the 

mother or other female first-degree relative.32 Physical inactivity 

is defined as individuals not participating in at least 30 minutes of 

moderate-intensity physical activity on at least 3 days of the week 

for at least 3 months, consecutively.32 Age as a risk factor is 

defined as men ≥45 and woman ≥55, putting them at higher risk 

for developing CAD.32 Cigarette smoking as a risk factor is 

defined as being a current cigarette smoker or those individuals 

who have quit smoking within the last 6 months or those indi- 

viduals exposed to second-hand tobacco smoke.32 

The study took place between September and November 

2019. All subjects gave their written informed consent for 

inclusion before they participated in the study. The study 

protocol was approved by the Biomedical Research Ethics 

Committee (BMREC) at the University of the Western Cape 

(Ethics reference number: BM19/4/3). The study was also 

approved by the Chief Fire Officer of the City of Cape Town 

Fire and Rescue Service, as well as the Director of Policy and 

Strategy of the City of Cape Town. 

Methods 

Study Design and Participants 

This study used a quantitative, cross-sectional and correlational 

design. A total of 124 full-time firefighters, males and females, 

were conveniently recruited from the City of Cape Town Fire 

and Rescue Service. The demographic characteristics included 

were age, gender, family history of CAD, cigarette smoking, and 

injury type, severity and location, using a researcher-generated 

questionnaire. Injury type and severity was indicated based 

on firefighters needing medical treatment/intervention, and 

excluded injuries that were not medically diagnosed by a 

physician. The International Physical Activity Questionnaire 

(IPAQ)31 was used to gather information about physical activity. 

The ACSM guidelines were used to categorize physically in- 

active firefighters, that is, individuals not participating in at least 

30 minutes of moderate-intensity physical activity on at least 

3 days of the week for at least 3 months, consecutively 

(American College of Sports Medicine, 2016, p. 27). Fire- 

fighters that exercised regularly, but did not meet the minimum 

recommendations for physical activity and those that did not 

exercise at all were categories as such. 

Research Procedures 

The research procedures in the current study have been re- 

peated from a previous published article (Ras and Leach25). 

The principle researcher (Jaron Ras) performed all the 

physical measures and was responsible for administering the 

data recording sheet (questionnaire). For further information 

on the testing procedures followed to determine firefighter 

stature, body mass, blood pressure, blood glucose and cho- 

lesterol, please refer to the article that was previously pub- 

lished (Ras and Leach25). Briefly, Stature was measured using 

a portable stadiometer, standing barefoot and head placed in 

the Frankfort plane.32 Body mass was measured with the 

participant wearing minimal indoor clothing, using a preci- 

sion electronic scale.32 Blood pressure was measured using a 

blood pressure sphygmomanometer and stethoscope, with the 

appropriate cuff size. The standard auscultatory method of 

blood pressure measurement was used.32 Total cholesterol 

and non-fasting blood glucose were measured using the 

finger-prick method and a microcapillary blood sample an- 

alysed with an AcuTrend® Plus GC meter. Waist circum- 

ference was measured at the point of the umbilicus,32 and hip 

circumference was taken at the level of the greatest posterior 

protuberance of the buttocks using a steel tape measure.33 The 

Analysis 

All data was captured by double-entry into a Microsoft Office 

Excel spreadsheet, and then cleaned of errors, which involved 

removal of extra spaces, case and spell checking, and error 

removal. Thereafter, it was exported to the Statistical Package 

for the Social Sciences (SPSS) version 27 (https://www.ibm. 

com/za-en/analytics/spss-statistics-software) for descriptive 

and inferential data analysis. Descriptive statistics (mean, 

standard deviation and percentages) and inferential statistics 

(Kruskal Wallis H, Mann-Whitney U, Chi-squared test, and 

linear and binary regression) and odds ratios were performed. 

Nagelkerke R square value and odds ratios were used for all 

predictions. All assumptions required prior to performing a 

logistic regression analysis were met. The following as- 

sumptions were met prior to conducting the regression 

analysis: (1) the dependent variable was dichotomous, (2) the 

independent variables were continuous, (3) there were 
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Table 1. Prevalence of Musculoskeletal Injuries, Leisure-Time Physical Activity and Physical Inactivity in Firefighters According to Gender, 

Age-Group and CAD Risk Factors. 

Musculoskeletal 

Injuries 

Leisure Time Physical 

Activity 

Minimum PA Requirements Not 

meta 

Physically 

Inactive 

% 

27.4 

% 

63.7 

% 

33.1 

% 

69.4 Total Firefighters (n = 124) 

Gender 

Male (n = 98) 

Female (n = 26) 

Age Category 

20-29 years (n = 24) 

30-39 years (n = 55) 

40-49 years (n = 30) 

50-65 years (n = 15) 

CAD risk factors 

Age (n = 29) 

Hypertension (n = 41) 

Diabetes (n = 11) 

Dyslipidemia (n = 50) 

Cigarette smoking (n = 49) 

Obesity (n = 45) 

Central obesity (n = 46) 

27.6 

26.9 

63.3 

65.4 

30.6 

42.3 

67.3 

76.9 

29.2 

29.1 

30.0 

13.3 

79.2 

60.0 

66.7 

46.7 

20.8 

32.7 

40.0 

40.0 

41.7 

72.7 

73.3 

93.3 

28.1 

18.1 

9.1 

24.0 

28.6 

23.9 

26.1 

53.1 

62.2 

81.8 

66.0 

49.0 

54.3 

52.2 

37.5 

37.8 

63.6 

36.0 

16.3 

37.8 

36.9 

84.4 

75.7 

81.8 

70.0 

67.3 

82.6 

84.8 

afirefighters who exercised, but do not meet the minimum ACSM requirements for being physically active. 

independence of observations and (4) there was a linear 

relationship between the logit transformation of the depen- 

dent variable and the continuous variable. An analysis of 

residuals was performed and confirmed the assumptions of 

linearity. 

was 67.3%. In female firefighters, 65.4% participated in 

LTPA, while 42.3% did not meeting the minimum require- 

ments for PA, and 76.9% were physically inactive. The 

majority (79.2%) of firefighters that participated in LTPA was 

in the age-group 20-29 years. The age group 30-39 years and 

40-49 years had a similar percentage of LTPA and physical 

inactivity with 60.0% and 66.7%, and 72.7% and 73.3%, 

respectively. The age group 50-65 years had the lowest 

(46.7%) percentage of firefighters participating in LTPA and 

highest prevalence of physical inactivity (93.3%). 

The mean occupational minutes per week for low-, 

moderate- and vigorous-intensity occupational physical ac- 

tivities (OPAs) were 1132.9 ± 641.7 minutes, 900.00 ± 

406.2 minutes and 505.7 ± 497.1 minutes, respectively. The 

mean minutes per week total low-, moderate- and vigorous- 

intensity physical activity were 916.4 ± 605.1 minutes, 323.1 

± 308.0 minutes and 279.6 ± 415.8 minutes, respectively. 

The prevalence musculoskeletal injuries among all fire- 

fighters were 27.4% (Table 1). In male firefighters the 

prevalence of musculoskeletal injuries was 27.3%. In female 

firefighters, 26.9% had musculoskeletal injuries. The age 

group 50-65 years had the lowest prevalence of musculo- 

skeletal injury with 13.3%. According to CAD risk factors, 

Cigarette smokers and firefighters aged 45 years or older 

reported the highest prevalence of musculoskeletal injuries, 

with 28.6% and 28.1%, respectively. In addition, aged fire- 

fighters and those that had central obesity were the most 

physically inactive, with 84.4% and 84.8%, respectively. 

Interestingly, cigarette smokers had the lowest prevalence of 

Results 

The mean age of all the firefighters was 37.53 ± 9.05 years, 

and mean body mass and stature were 87.4 ± 17.9 kg and 

172.6 ± 7.3 cm, respectively. The majority of firefighters were 

male (79.1%), with a mean age, body mass and stature of 37.8 

± 9.8 years, 87.8 ± 18.5 kg and 174.7 ± 6.5 cm, respectively, 

for females, mean age, body mass and stature were 36.4 ± 

5.4 years, 85.9 ± 16.2 kg and 164.8 ± 4.5 cm, respectively. 

When all participants were separated into age-group categories, 

the age-group 20-29 years represented 19.4% of the participants 

in the study, the age-group 30-39 years had the highest number 

of participants with 44.4%, the age-group 40-49 years had 

24.2%, and the age-group 50-65 years had the lowest number 

with 12.1%. For further information on the CAD risk factor 

prevalence’s or mean values for each risk factor, please refer to 

the previously published article (Ras and Leach25). 

The proportion of firefighters who participated in leisure- 

time physical activity (LTPA) was 63.7%, and those who 

were physically inactive was 69.4% (Table 1). The proportion 

of male firefighters who participated in LTPA was 63.3%, 

while those who did not meet the minimum PA requirements 

was 30.6%, and who were categorized as physically inactive 
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Figure 1. Prevalence of musculoskeletal injuries in firefighters according to gender. 

Figure 2. Prevalence of musculoskeletal injuries in firefighters according to age-group. 

Figure 3. Physical activity intensity during leisure time among firefighters according to gender. 

physical inactivity. Most firefighters participated in LTPA 

(49.0% to 66.0%), but 16.3% to 63.6%, depending on CAD 

risk factor, did not meet the minimum recommended minutes 

of physical activity. 

In Figure 1, 35.3% of firefighters reported having a 

shoulder injury that was the most prevalent musculoskeletal 

injury in firefighters, followed by multiple injuries (defined as 

2 or more concurrent injuries sustained) in 26.5%, back 

injuries in 14.7%, knee injuries in 11.8, neck and vertebra 

injuries in 5.9% and lower limb fractures in 5.9%. In male 

firefighters, 33.3% had shoulder injuries, 29.6 had multiple 

injuries, 14.8% had back injuries, 11.1% had knee injuries, 
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7.4% had neck and vertebra injuries and 3.7% had lower limb 

fractures. In female firefighters, shoulder injuries were the 

most common injury in 42.9%, while multiple, back, knee, 

neck and vertebra injuries, and lower limb fractures all had 

the same prevalence of 14.3%. Shoulder injuries was most 

prevalent in the age-group 20-29 years (57.1%) had shoulder 

injuries (Figure 2), in the age-group 30-39 years most 

(31.3%) had multiple injuries. In the age-group 40-49 years, 

44.4% reported shoulder injuries, and in the age-group 50- 

65 years, 50% had multiple and back injuries only. 

In total, the majority (35.5%) of firefighters reported not 

exercising at all during the week, 12.1% reported exercising 

at a low-intensity, 29.0% reported exercising at a moderate- 

intensity and 21.8% reported exercising at a vigorous- 

intensity (Figure 3). The mean exercise time per week for 

low-intensity exercise was 117.2 ± 97.5 minutes, for 

moderate-intensity exercise it was 175 ± 121.6 minutes and 

for vigorous-intensity exercise it was 291.2 ± 364.3 minutes. 

In male firefighters, 36.7% compared to 36.4% in female 

firefighters reported not exercising. Males preferred exer- 

cising at a moderate intensity with 26.5%, whereas 38.5% of 

females preferred exercising at a moderate intensity. How- 

ever, more males exercised at vigorous intensity compared to 

females (22.4% vs 19.2%). In the youngest age-group 20 – 

29 years, 45.8% preferred exercising at a vigorous intensity, 

and had the lowest proportion of firefighters that exercised at 

a low intensity (4.2%). In the age-group 30 – 39 years, most 

(40.0%) reported not exercising, and those that did exercise 

preferred to exercise reported exercising at a moderate- 

intensity (29.1%), compared to the age-group 40 - 49 

years, where 33.3% reported not exercising, and 30% 

reported exercising at a moderate-intensity. The age-group 

50 – 65 years, 53.3% reported not exercising the highest 

among the age groups, 26.7% reported exercising at a 

moderate-intensity, but none exercised at a vigorous-intensity 

(Figure 4). 
The mean ages of the firefighters who did not exercise, 

and who exercised at a low-intensity, moderate-intensity and 

vigorous-intensity were 39.2 ± 9.6, 41.9 ± 9.5, 37.2 ± 8.2 and 

32.9 ± 7.6 years, respectively, that was statistically significant 

(H = 11.1, P = .011) (Table 2). The mean WCs for firefighters 

who did not exercise, and who exercised at a low-, moderate- 

and vigorous-intensity were 99.4 ± 17.6, 102.7 ± 9.8, 93.8 ± 

12.1 and 91.5 ± 9.9 cm, that was statistically significant (H = 

11.7, P = .008). 

After the Bonferroni correction, there was a statistically 

significant difference in between those that exercised at a 

vigorous-intensity and those that did not exercise (U = 23.7, 

P = .036), and between those exercising at a vigorous- 

intensity and at a low-intensity (U = 33.7, P = .018). 

There was a significant difference in WC between those that 

exercised at a vigorous intensity and at a low-intensity (U = 

33.9, P = .017). There was a significant difference in WHR 

between those that exercised at a moderate-intensity and at a 

low-intensity (U = 38.9, P = .002), and between those that 

exercised at a vigorous intensity and at a low-intensity (U = 

37.1, P = .007). 

There were significant negative correlations between age 
and vigorous-intensity exercise (r = -.520, P = .004), and 

between BMI and vigorous-intensity exercise (r = -.416, P = 

.025) (Table 3). 

Exercise in leisure-time was significantly associated with 

cigarette smoking [χ2(1) = 7.6, P = .006, OR = 2.9 (95% CI: 

1.3, 6.1)] and central obesity [χ2(1) = 4.2, P = .040, OR = 2.2 

(95% CI: 1.0, 4.7)] in firefighters (Table 4). Firefighters who 

exercised in their leisure-time were 2.9 and 2.2 times less 

likely to be cigarette smokers and have central obesity, re- 

spectively. Physical inactivity was significantly associated 

with age [χ2(1) = 6.0, P = .032, OR = 3.0 (95% CI: 1.1, 8.6)], 

obesity [χ2(1) = 2.9, P = .0014, OR = 2.2 (95% CI: 1.0, 4.7)] 

and central obesity [χ2(1) = 8.2, P = .004, OR = 3.7 (95% CI: 1.5, 

9.3)] in firefighters. Firefighters who were physically inactive 

were 6.0, 2.9 and 3.7 times more likely to be aged, obese and to 

have central obesity, respectively. Firefighters who did not ex- 

ercise were significantly associated with cigarette smoking [χ2(1) 

= 4.9, P = .027, OR = 2.3 (95% CI: 1.1, 4.9)]. Not meeting the 

minimum PA requirements for healthy adults as recommended by 

ACSM was significantly associated with cigarette smoking [χ2(1) 

= 10.4, P = .001, OR = 3.9 (95% CI: 1.7, 9.1)] and diabetes [χ2(1) 

= 4.2, P = .041, OR = 3.6 (95% CI: .9, 13.1)] in firefighters. 

Firefighters that did not meet the minimum PA requirements were 

3.9 and 3.6 times more likely to be cigarette smokers and diabetic, 

respectively. 

Binary logistic regression was performed with physical 

inactivity, exercise in leisure-time, not exercising and mus- 

culoskeletal injuries as the main outcome variables (Table 5). 

Age was a significant predictor of physical inactivity in 

firefighters [χ2 (4) = 10.996, P = .002, OR = 1.08 (95% CI: 

1.02, 1.14)]), and predicted 12% of the variation in fire- 

fighters who were physically inactive. Aged firefighters were 

1.08 times more likely to be physically inactive than younger 

firefighters. After adjustment for covariates (BMI and WC), 

age remained a significant predictor of physical inactivity [P 

= .024, OR = 1.07 (95% CI: 1.01, 1.13)]). BMI was a sig- 

nificant predictor of physical inactivity [χ2 (4) = 4.021, P = 

.050, OR = 1.08 (95% CI: 1.00, 1.17)]), and explained 5% of 

the variation in physical inactivity. Firefighters with increasing 

BMI were 1.08 times more likely to be physically inactive. After 

adjustment for covariates (age and WC), BMI was not a sig- 

nificant predictor of physical inactivity. Waist circumference was 

a significant predictor of physical inactivity [χ2 (4) = 5.777, P = 

.019, OR = 1.04 (95% CI: 1.01, 1.07)]), and predicted 7% of the 

variation in physical inactivity. Firefighters with increased WC 

were 1.04 times more likely to be physically inactive. After 

adjustment for covariates, WC was not a significant predictor of 

physical inactivity. 

Cigarette smoking was a significant predictor of fire- 

fighters exercising in their leisure-time [χ2 (1) = 7.6, P = .007, 

OR = 2.86 (95% CI: 1.34, 6.12)], and predicted 7% of the 

variation in leisure-time exercise in firefighters. Additionally, 
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Figure 4. Physical activity intensity during leisure time among firefighters according to age group. 

Table 2. CAD Risk Factor Measurements According to Exercise Intensity in Firefighters. 

Exercise Intensity 

CAD Risk Factors No Exercise Low Moderate Vigorous 

X± 

39.2 ± 9.6 

30.4 ± 7.4 

99.4 ± 17.6 

.91 ± .09 

123.4 ± 15.5 

77.9 ± 10.3 

5.7 ± 1.3 

4.9 ± 1.0 

X± 

41.9 ± 9.5 

30.4 ± 7.4 

102.7 ± 9.8 

.96 ± .06 

124.9 ± 14.7 

80.8 ± 8.5 

7.6 ± 5.3 

4.7 ± 0.7 

X± 

37.2 ± 8.2 

28.8 ± 4.7 

93.8 ± 12.1 

.87 ± .07 

117.9 ± 14.4 

74.1 ± 10.9 

5.5 ± 1.4 

4.9 ± 0.9 

X± 

32.9 ± 7.6 

27.4 ± 3.3 

91.5 ± 9.9 

.88 ± .06 

121.1 ± 15.7 

77.2 ± 15.2 

5.8 ± 1.1 

5.1 ± 0.9 

p 

.011* 

.111 

.008** 

.002** 

.246 

.187 

.428 

.734 

Age 

Body mass index 

Waist circumference 

Waist-to-hip ratio 

Systolic blood pressure 

Diastolic blood pressure 

Non-fasting blood glucose 

Total cholesterol 

*indicates statistically significant differences <.05; **indicates statistically significant differences <.01. 

Table 3. Correlation Between Age, BMI and WC and Exercise Intensity in Firefighters. 

Variable Age Body Mass Index Waist Circumference 

Low-intensity 

Moderate-intensity 

Vigorous-intensity 

-.321 

-.054 

-.520** 

.207 

-.060 

-.416* 

.047 

-.057 

-.340 

Table 4. The Association Between CAD Risk Factors in Firefighters, Firefighters who Exercised in Their Leisure-Time, Firefighters who 

were Physically Inactive, Firefighters who did not Exercise and Musculoskeletal Injuries. 

Exercised in Leisure- 

time 

Minimum PA Requirements Not 

met 

Musculoskeletal 

Injuries Variables Physically Inactive Did Not Exercise 

OR (95% CI) 

1.8 (.8 – 4.1) 

1.9 (.9 – 4.0) 

2.2* (1.0 – 4.7) 

.3 (.1 – 1.8) 

.8 (.4 – 1.7) 

1.1 (.5 – 2.4) 

2.9** (1.3 – 6.1) 

OR (95% CI) 

3.0* (1.1 – 8.6) 

2.9* (1.2 – 7.2) 

3.7** (1.5 – 9.3) 

.5 (.1 – 2.3) 

1.0 (.6 – 2.3) 

.6 (.3 – 1.5) 

1.2 (.5 – 2.5) 

OR (95% CI) 

.6 (.3 – 1.3) 

.6 (.3 – 1.2) 

.5 (.2 – 1.0) 

2.9 (.6 – 13.9) 

1.2 (.5 – 2.4) 

.9 (.4 – 2.1) 

2.3* (1.1 – 4.9) 

OR (95% CI) 

.9 (.4 – 2.3) 

1.3 (.6 – 3.1) 

1.1 (.5 – 2.5) 

.2 (.0 – 1.9) 

.7 (.3 – 1.7) 

.5 (.2 – 1.3) 

.9 (.4 – 2.0) 

Age 

Obesity 

Central obesity 

Diabetes 

Dyslipidemia 

Hypertension 

Cigarette 

smoking 

1.1 (.5 – 2.6) 

.8 (.4 – 1.7) 

.8 (.4 – 1.7) 

3.6* (.9 – 13.1) 

.9 (.5 – 2.0) 

.9 (.4 – 1.9) 

3.9** (1.7 – 9.1) 

*indicates statistically significant association <.05; **indicates statistically significant association <.01. OR (95% CI) = odds ratio (95% confidence interval. 
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Table 5. Binary Logistic Regression to Predict Physical Inactivity, Exercise in Leisure-Time, Firefighters who did not Exercise and 

Musculoskeletal Injuries in Firefighters. 

Crude Adjusted 

R2 R2 B df P Value Or (95% CI) B df P Value Or (95% CI) 

Model: Physical inactivity 

Age 

Body mass index 

Waist circumference 

Model: Exercise in leisure-time 

Cigarette smoking 

Model: Did not exercise 

Cigarette smoking 

Model: Musculoskeletal injuries 

Total vigorous-intensity exercise 

.079 

.800 

.037 

1 

1 

1 

.12 

.05 

.07 

.002** 

.050* 

.019* 

1.08 (1.03 – 1.14) 

1.08 (1.00 – 1.17) 

1.04 (1.01 – 1.07) 

.066 

.000 

.017 

1 

1 

1 

.13 

.13 

.11 

.024* 

1.000 

.650 

1.07 (1.01 – 1.13) 

1.00 (.84 – 1.19) 

1.02 (.95 – 1.09) 

1.052 1 .07 .007** 2.86 (1.34 – 6.12) 1.251 1 .13 .002** 3.49 (1.56 – 7.82) 

.838 1 .05 .028* 2.31 (1.09 – 4.89) 1.005 1 .10 .012* 2.73 (1.24 – 6.00) 

.001 1 .05 .050* 1.00 (1.00 – 1.00) .001 1 .06 .066 1.00 (1.00 – 1.00) 

*indicates statistical significance <.05, **indicates statistical singificance <.01, B: Beta coefficient, df: degree of freedom, R2: Nagelkerke R square value, OR (95% CI) = 

odds ratio (95% confidence interval). 

cigarette smokers were 2.86 times more likely not to exercise 

in their leisure-time compared to non-smokers. After ad- 

justment for covariates (age, BMI and WC), cigarette 

smoking was a significant predictor of exercise in leisure-time 

(P = .002; OR = 3.49 (95% CI: 1.56, 7.82). 

musculoskeletal injuries in firefighters which may be at- 

tributed to increased overall workload.1,2,6,14,37 Overall the 

injury prevalence in the current study is much lower than 

studies.1,4,6,12,26,37-39 previous This may be attuited to the 

current study only considering injuries that were medically 

diagnosed by a physician, and not subjectively reported, only. 

In the present study, the prevalence of musculoskeletal 

injuries (27.4%) was similar across genders, lowest in the 

oldest age category (50-65 years) and highest in cigarette 

smokers. Younger firefighters were generally healthier and 

were more physically active. However, injury prevalence was 

similar among the youngest age group (20-29 years) and two 

middle aged groups (30-39 and 40-49 years). In addition, 

musculoskeletal injuries were most prevalent in firefighters 

who were cigarette smokers and were aged. Yoon et al1 

reported a lower prevalence of injuries in 11.66% of fire- 

fighters, and that the injuries increased between the ages of 20 

and 39 years. In addition, the study reported that former 

smokers had a significantly higher injury prevalence com- 

pared to non-smokers.1 Cigarette smoking has been linked to 

reduced tendon health,40 and with younger firefighters found 

to have a higher prevalence of cigarette smoking,25,41-45 can 

explain why this age range was at most risk. In contrast, 

Negm et al3 reported that older firefighters were significantly 

more likely to have more severe lower-extremity disability 

and more severe back disability. This may be attributed to the 

difference in age in the sample between the current study and 

Negm et al (37.5 vs 42.6 years). There was a trend, in the 

current results, that as firefighters aged, injuries to the low 

back became more prevalent, which may be attributed to age 

related vertebrae and intervertebral disk degeneration.46,47 

Similarly, Nazari et al5 reported that older firefighters were 

significantly more likely to have musculoskeletal injuries. 

The increased musculoskeletal injury prevalence may be 

accounted for by the age-related decline in soft tissue size 

and strength, and reduced bone mineral density, which 

Cigarette smoking was a significant predictor of fire- 

fighters who did not exercise [χ2 (1) = 8.74, P = .028, OR = 

2.31 (95% CI: 1.09, 4.89)], and predicted 5% of the variation 

in firefighters who did not exercise. Firefighters who, smoked 

were 2.31 times more likely not to exercise. After adjustment 

for covariates (age, BMI, WC), cigarette smoking was a 

significant predictor of firefighters who did not exercise (P = 

.012; OR = 2.73 (95% CI: 1.24, 6.00). 

The total amount of vigorous-intensity exercise (in min- 

utes) was a significant predictor of musculoskeletal injuries 

[χ2 (1) = 3.99, P = .050, OR = 1.00 (95% CI: 1.00, 1.00)], and 

predicted 5% of the variation in musculoskeletal injuries in 

firefighters. After adjustment for covariates (age, BMI, WC), 

total vigorous-intensity exercise was not a significant pre- 

dictor of musculoskeletal injuries. Indicating that aging and 

body composition influence injury rates in firefighters when 

they engage in high amounts vigorous-intensity exercise. 

Discussion 

The present study aimed to determine the relationship be- 

tween physical activity and CAD risk factors and between 

physical activity and musculoskeletal injuries in firefighters. 

The authors hypothesised that LTPA and physical inactivity 

will be significantly related to CAD risk factors and mus- 

culoskeletal health in firefighters. The hypothesis proved to 

be true in the current study, where a decrease in LTPA and 

physical inactivity was significantly related to ageing, obesity 

and cigarette smoking. These results have been consistent 

with previous research.11,34-36 In addition, total weekly 

physical activity minutes was significantly related to 
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significantly predisposes individuals to injury, particularly 

when subjected to repeated high workloads, such as 

firefighting.3,5,9,48 An explanation for the similarity of injury 

prevalence between age-groups in the present study could be 

due to younger firefighters participating in more vigorous- 

intensity exercise compared to older firefighters,4 which have 

been known to predisposed individuals to injury due to 

chronic overload.35,48,49 

In the present study, the most common injury was shoulder 

injuries (35.3%), which was particularly prevalent in females 

and the youngest age-group (20-29 years) of firefighters. 

Neck, vertebra and lower limb fractures were the least 

prevalent injuries. Vaulerin et al4 reported that ankle injuries 

were the most prevalent in 77% of French firefighters. 

Shoulder injuries was the second most prevalent in 23% of 

firefighters. The study indicated physical activity was related 

to increased injuries, which may explain the concentration to 

the ankle region, due to chronic overuse or fatigue to the 

surrounding muscularture.4 In the present study, most ankle 

injuries were not reported as a single musculoskeletal injury 

and were often reported together with other musculoskeletal 

injuries. In contrast, Frost et al6 reported that the most 

common location of injury was the back (32%), followed by 

the knees (17%), ankles (15%) and shoulders (13%). The 

authors attributed the distribution of injuries to a variation in 

external factors, such as the distribution of on-duty respon- 

sibilities, community demographics and climate. Similarly, 

Nazari et al5 reported that back (32%) injuries were the most 

prevalent injury in Canadian firefighters, followed by 

shoulder (24%) injuries as the second most common injury 

location. In the present study, back injuries were the third 

most prevalent musculoskeletal injury, in 14.7% of fire- 

fighters. In addition, Nazari et al5 reported that the overall 

incidence of injuries among male and female firefighters were 

similar, with only neck and knee injuries having a prevalence 

greater than 5% in males compared to females. Moreover, the 

study reported that the injury incidence increased as fire- 

fighters aged.5 Soteriades et al50 reported that the most fre- 

quent musculoskeletal injuries by location were back (26%), 

followed by the shoulder (20.6%), neck (18.5%), upper 

extremities (10.3%), upper back (9.4%) and ankle (5.5%). 

These studies indicate that similarities in injury locations 

exist, where the low back and shoulder regions are the more 

frequently injured areas. These locations may be due to many 

firefighting duties being related to repetitive upper body 

movements requiring high force production, such as hose 

drags, door breaches, victim drags or carries, especially when 

firefighters are active outside of working hours.4,6,14,26,38 

In the present study, the prevalence of physical inactivity 

was unacceptably high (69.4%), and was similar across both 

genders, and increased as firefighters aged. As with the 

present study, Seyedmehdi et reported that an unac- 

ceptably high number (67.4%) of firefighters were not 

physically active. Similarly, Eastlake et al52 also reported a 

high prevalence of physical inactivity in 62% of firefighters. 

A lower prevalence of physical inactivity were reported by 

Martin et al20 and Durand et al11 where the studies indicated 

that 45.9% and 49% of firefighters were physical inactive. 

This is supported by Amodeo and Nickelson53 who reported 

that 46.7% of firefighters were physically inactive, and 14% 

did not participate in any moderate-intensity exercise. As 

with the present results, firefighters do participate in physical 

activity, but tended to only exercise at a low-intensity or 

exercised infrequently. Porto et al54 reported that 34.2% of 

firefighters were not physically active while on-duty, and that 

15.4% of off-duty firefighters were not physically active. 

High physical activity levels while on duty have been shown 

to reduce work performance and increased fatigue, which 

may explain firefighters’ reluctance to be physically active on 

duty.55,56 The results of the study indicated male firefighters 

engaged in more vigorous-intensity exercise than female 

firefighters, and had a lower prevalence of physical inactivity, 

particularly in the youngest age-group (20-30 years) of 

firefighters. Similarly, Gendron et al57,58 reported that fewer 

females were physically inactive (62%) compared to 70% of 

male firefighters. In contrast, another study reported that a 

higher proportion of female firefighters were physically in- 

active compared to males.59 In the present study, the oldest 

age-group (50-65 years) of firefighters had the highest 

prevalence of not exercising and not engaging in vigorous- 

intensity exercise. Punakallio et al60 reported that in the two 

firefighter age groups (30 – 34 and 40 – 44 years, respec- 

tively), the younger age-group of firefighters had a higher 

frequency of participating in physical activity (PA), that is, 3 

or more times per week (61% vs 55%), and exercised at a 

higher intensity (27 vs 12%). As firefighters age, their pro- 

clivity toward physical activity decreases. Punakallio et al 

also reported physical inactivity was significantly associated 

with an increase in musculoskeletal injuries. Potentially, 

younger firefighters found that the overall workload of ex- 

ercising off-duty and performing their firefighting tasks when 

on duty tolerable. This could be explained by younger 

firefighters having a higher work capacity, better overall 

recovery, and a lower body mass.49,61,62 In the present study, 

35.5% of firefighters did not exercise, and 33.1% of fire- 

fighters who did exercise, did not meet the minimum re- 

quirements for physical activity, which was more prevalent in 

females and as firefighters aged. Similarly, Soteriades et al50 

also reported a high prevalence of physical inactivity among 

firefighters, where 37.2% reported exercising 1-2 times per 

week, and 16.7% reported never exercising. The prevalence 

of inactivity increased as firefighters aged, which was likely 

as a result of the physical stress of firefighting especially 

among older firefighters and caused a lack in motivation to 

exercise.11,23,59,63 

In the present study, physical inactivity was found to be a 

significant predictor of ageing, increased BMI and WC in 

firefighters. Choi et al18 reported that leisure-time activity was 

significantly associated with BMI and WC. Similarly, 

Damacena et   reported that central obesity was more 

al51 

al64 
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likely in firefighters who had low PA levels. Gendron et al65 

reported that there was a significant difference in WC and 

obesity in firefighters who trained while on duty than those 

who did not. Although firefighters remain active while on 

duty, because they are not exercising at a moderate-to-high- 

intensity they do not receive the additional benefits of in- 

may be related to the cohort of firefighters, where very few 

firefighters had CAD risk factors present, thus, not providing 

enough statical power to indicate significance. Seyedmehdi 

et reported that aerobic fitness decreased with increased 

cardiovascular disease risk factors, particularly age, BMI, low- 

density lipoprotein cholesterol and blood pressure. Exercise has 

been known to increase high-density lipoprotein cholesterol and 

decrease triglyceride and blood glucose concentrations.71-73 

This may account for the improvement in blood parameters 

as firefighters regularly exercised. 

The total amount of vigorous-intensity exercise per week in 

firefighters, both in leisure-time and on-duty, was a significant 

predictor of musculoskeletal injuries in firefighters. Yoon et al1 

reported that there was no difference in injuries between fire- 

fighters who exercised less than 3 days per week compared to 

those who exercised more than 3 days per week. In contrast, the 

results of Soteriades et al50 supported the present study, where it 

found that exercise in leisure-time had a dose-response rela- 

tionship that was inversely related to musculoskeletal injuries, 

where more physically active firefighters were less likely to 

sustain musculoskeletal injuries. The majority of studies reported 

that physical activity does reduce injuries in firefighters, however, 

an excess of physical activity may predispose firefighters to 

injury.43,62,74,75 The association between increased injuries and 

the total amount of weekly vigorous-intensity exercise may be 

due to the progressive increasing weekly workload, resulting in 

chronic fatigue and/or overuse and, eventually, acute injuries.4,6 

al51 

loss.11,35,65 creased energy expenditure associated with fat 

The current results indicated that cigarette smoking was a 

significant predictor of engaging in leisure-time exercise. 

This may be due to firefighters acknowledging the harmful 

effects of cigarette smoking on their overall health and en- 

gaging in regular physical activity as a positive lifestyle 

change.41,66-68 Overall, the majority of firefighters engaged in 

PA in their leisure-time. However, this did not relate to a 

decrease in the prevalence of physical inactivity. As stated by 

Muegge et al59 many firefighters reported that they were not 

educated about physical activity, which may explain why 

many firefighters were physically active, but this did not 

translate into lower physical inactivity. The results indicated 

that younger male firefighters were more likely to engage in 

PA in their leisure-time, which decreased as they aged. 

Similarly, Muegge et al59 reported that more male firefighters 

met the minimum recommendations for PA in healthy adults 

compared to female firefighters (72.4% vs 65.3%). Punakallio 

et  reported that less firefighters exercised regularly in their 

leisure time in the age-group 40 – 44 years, compared to the 

age-group 30 – 34 years (82.6% vs 64.3). The prevalence of 

physical inactivity was unacceptably high in the present 

study, and poses a significant risk from a personal and public 

safety point of view. The likely reason for firefighters exercising, 

but not meeting the minimum PA recommendations, may be due 

to firefighters not being educated in daily PA recommendations 

and not having access to exercise opportunities.59 The pro- 

motion of PA in firefighters’ leisure-time, as a method to reduce 

the prevalence of physical inactivity, especially as firefighters 

aged, should be emphasized.11,51,52,63 This may be especially 

important in firefighters in the CoCTFRS, where it has been 

shown that firefighters tended to adopt a negative attitude toward 

physical activity as they aged.30 

The CAD risk factors that clustered around physical inac- 

tivity were obesity, age and diabetes. In addition, significant 

differences were found between the firefighters’ exercise habits 

in their leisure-time and age, WC and WHR, where increased 

exercise-intensity was negatively correlated with each of these 

variables. Similar, Barry et al34 reported that vigorous intensity 

activity was significantly related to WC in firefighters. Vigorous 

intensity activity has been related to increased energy expen- 

diture and subsequent fat loss.11,35 Durand et al11 reported that 

blood glucose concentrations were highest in the age-group that 

exercised the least, supporting the current results. Regular 

physical activity aids in regulating blood glucose homeostasis 

and maintains insulin sensitivity.69,70 In contrast to the results of 

the present study, Yu et al35 reported that there was a significant 

relationship between level of physical activity and bodyfat 

percentage in firefighters, but no other risk factor. However, this 

al60 

Strengths and Limitations 

This study provides valuable information on the PA habits in 

firefighters and injury prevalence in firefighters in the 

CoCTFRS, and the relationship between CAD risk factors and 

musculoskeletal injuries. To the best of the authors’ knowl- 

edge, this was the first study conducted in the CoCTFRS to 

report on the relationship between musculoskeletal injuries, PA 

and CAD risk factors according to demographic characteris- 

tics. A limitation was that the study used convenient sampling 

that negatively impacted the external validity. Also, the rela- 

tively small sample size negatively impacted the power of the 

study. The study was also under-represented by female par- 

ticipants. Lastly, all injuries and PA were self-reported and 

were not objectively measured by the researcher, which could 

have resulted in under-or-overestimation of PA and injuries, 

particularly in those firefighters who are unfit, obese and at 

increased cardiovascular risk. 

Conclusion 

Older firefighters were more physically inactive and had a 

higher prevalence of musculoskeletal injuries, and the latter 

decreased significantly after the age of 50 years. The most 

prevalent injury was shoulder injuries, especially in female 

firefighters. Increased age, BMI, WC and cigarette smoking 

were significant predictors of the PA habits of firefighters. 
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Abstract: Firefighters’ face life threatening situations and are frequently exposed to numerous physi- 

cal, chemical, biological, ergonomic and psychosocial hazards. The purpose of this pilot study was to 

investigate the feasibility of conducting a large-scale study on cardiovascular and musculoskeletal 

health, physical fitness and occupational performance of firefighters. We conducted a cross-sectional 

pilot study by recruiting 36 firefighters. A researcher-generated questionnaire and physical measures 

were used to collect data on sociodemographic characteristics, cardiovascular and musculoskele- tal 

health, physical fitness and occupational performance using a physical ability test (PAT). We 

documented a high equipment and intra-assessor reliability (r > 0.9). The potential logistic and/or 

administrative obstacles in the context of a larger study were discerned. Data were successfully 

retrieved using available equipment and survey instruments. Hypertension (30.6%) dyslipidaemia 

(33.3%), obesity (36.1%) and physical inactivity (66.7%) were the most prevalent cardiovascular 

disease risk factors. A significant difference between genders in total PAT completion time was also 

seen (p < 0.001). Cardiorespiratory fitness, lean body mass, grip strength and leg strength were 

significantly associated with occupational performance (p < 0.001). The pilot study supports the 

larger study feasibility and verified equipment and assessors’ reliability for research. Cardiovascular 

health, musculoskeletal health and physical fitness may be related to PAT performance. 

Citation: Ras, J.; Smith, D.L.; 

Soteriades, E.S.; Kengne, A.P.; Leach, 

L. A Pilot Study on the Relationship 

between Cardiovascular Health, 

Musculoskeletal Health, Physical 

Fitness and Occupational 

Performance in Firefighters. Eur. J. 

Investig. Health Psychol. Educ. 2022, 

12, 1703–1718. https://doi.org/ 

10.3390/ejihpe12110120 

Academic Editors: María del Mar 

Molero Jurado and María del 

Carmen Pérez-Fuentes 

Received: 28 October 2022 

Accepted: 18 November 2022 

Published: 21 November 2022 

Keywords: firefighters; CVD risk factors; musculoskeletal health; physical fitness; occupational 

performance 

Publisher’s Note: MDPI stays neutral 

with regard to jurisdictional claims in 

published maps and institutional affil- 

iations. 

1. Introduction 

Firefighting is a hazardous occupation where firefighters routinely face life threatening 
situations, and are frequently exposed to high temperatures, toxic chemicals and fumes and 

many other hazards [1,2]. This necessitates that firefighters wear heavy insulated personal 
protective equipment (PPE), which places additional physical strain on firefighters [3,4]. In 
addition, firefighters have been shown to have multiple comorbidities, predisposing them 

to sudden cardiac events [1,5–7]. Moreover, many firefighters have low musculoskeletal 
health, and unfavourable physical fitness which restricts their occupational performance 

while on duty [8,9]. 
Over 45% of firefighters’ on-duty fatalities are related to cardiovascular disease inci- 

dents [1]. Moreover, lower extremity, as well as lower back injuries, are highly prevalent 
in this population, negatively affecting their occupational performance [8,9]. To assist in 
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maintaining good cardiovascular and musculoskeletal health, firefighters are expected to 
maintain a satisfactory level of physical fitness [10,11]. However, studies have shown that 
many firefighters’ physical fitness levels do not appear sufficient to cope with the strains 

of their profession, further predisposing an already at-risk population to early career 
morbidity, job disability and higher mortality [12–14]. 

Firefighters have been reported to have a high prevalence of cardiovascular dis- ease 

(CVD) risk factors, with many firefighters having multiple comorbid CVD risk factors [15–
21]. Furthermore, firefighters are reported to have a poor attitude toward health, with 

many firefighters opting to remain sedentary and engage in unhealthy di- etary habits [22–
24]. Several firefighters are physically inactive during their leisure times and frequently 

suffer from musculoskeletal injuries [25]. Given the reported high levels of physical 
inactivity and relatively high rates of musculoskeletal injuries, research and associated 
policies are needed to mitigate the risk of cardiac events and musculoskeletal injuries 

among firefighters while on duty. 
Therefore, the purpose of this pilot study was to investigate the feasibility of conduct- 

ing a large-scale study on the cardiovascular health, musculoskeletal health, physical fitness 
and occupational performance among operational active firefighters. Specific aims were 
to explore possible logistic and/or administrative obstacles of a larger study; determine 

the intra-tester reliability of selected research equipment and instrument (questionnaire); 
determine the prevalence of CVD risk factors, musculoskeletal injuries, cardiorespiratory 

fitness and physical ability test (PAT) failures; and to explore the extent to which CVD risk 
factors and health metrics, musculoskeletal health and physical fitness are related to 

occupational performance in firefighters. 

2. Materials and Methods 

This pilot study used a quantitative, non-experimental, cross-sectional and correla- 
tional research design. The pilot study took place between May and June 2022 at one of the 

largest fire stations in the Cape Town Metropolitan area. 

2.1. Participants 

The study included all full-time male and female firefighters between the ages of 18 
and 65 years. Part-time, volunteer and firefighters on leave were excluded from this study. 
In addition, administrative staff, or firefighters on administrative duty, due to illness or 

injury, were excluded from the pilot study. Firefighters were approached at the fire station 
to participate in the study. Information on the study was provided to each firefighter, before 

informed consent was signed by each participant. 

2.2. Instrument and Tester Reliability and Validity 

Prior to commencement of the pilot study, an initial trial was conducted where the 

assessors measured the reliability of their measurement techniques for all testing procedures 
used. In order to ensure intra-assessor reliability and validity, a minimum test–retest 

reliability coefficient of 0.8 was required prior to the commencement of the study to ensure 
tester reliability and was standardized across all measurements [26–28]. Each tester was 
tasked to perform one measurement for the duration of data collection to ensure test– 

retest reliability and data accuracy. Five successive measurements were obtained on all 
measurable study variables using standard and precision research equipment (CardioChek 

Plus analyzer, Omron Healthcare, Ltd., Hoofddorp, The Netherlands, blood pressure cuff 
and the Tanita© BC-1000 Plus BIA scale) and reliability coefficients were calculated. The 
technical error of measurement (TEM) was within acceptable parameters for the research 

being conducted [26–28]. The IPAQ was used to measure physical activity, which was 
shown to be a reliable and valid tool [29,30]. Systematic error of the equipment was tested 

and an accuracy rating of less than 5% was considered appropriate for research procedures. 
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2.3. Research Procedures 

A researcher-generated questionnaire was used to obtain information on sociode- 

mographic data, cardiovascular health, musculoskeletal health, and lifestyle habits. The 
musculoskeletal health section of the questionnaire was based on the Cornell Muscu- 

loskeletal Discomfort Questionnaire [31]. Questions on physical activity were based on the 
International Physical Activity Questionnaire (IPAQ) [29]. 

2.4. Descriptive Measures 

Stature was measured using a portable stadiometer (Seca model 700, Gmbh & Co., 
Hamburg, Germany), standing barefoot on a level floor with the heels together and the 
heels, buttocks and upper back touching the stadiometer rod. A Tanita© BC-1000 Plus 
bioelectrical impedance (BIA) analyzer was used to obtain body composition data, which 
included weight, lean body mass (LBM), fat mass, body fat percentage (BF%) and body 
mass. For the BIA assessment, firefighters were requested to wear minimal clothing, to 
stand upright, barefoot, and stationary on the scale. Waist circumference was measured 
at the point of the belly button [32]. Hip circumference was obtained at the level of the 
greatest posterior protuberance of the buttocks. Blood pressure was measured using 
the Omron Healthcare, Inc. M6 comfort intelligence automatic blood pressure monitor. 
Firefighters were asked to remain in a quiet seated position for 5 min prior to testing, with 
the left arm elevated onto the testing table. The midline of the bladder of the blood pressure 
cuff was placed over the brachial artery to ensure accurate and consistent readings. The 
participants blood pressures were obtained thrice, with at least two-minute intervals 
between measures. Total cholesterol and non-fasting blood glucose concentration was 

measured using a CardioChek® Plus analyzer, which has been shown to be accurate and 
reliable within industry standards [33]. The test entailed a finger prick, wherein the initial 
blood droplet was wiped off, and a second drop of blood was used for testing purposes. 
 

2.5. Classification of Cardiovascular Disease Risk Factors 

Age, as a risk factor, was classified as males over the age of 45 years and females over 

the age of 55 years [32]. Obesity was classified as a body mass index above 30 kg·m−2, 
central obesity was classified as a waist circumference above 102 cm for men and above 88 
cm for woman [32]. Hypertension was classified as either a SBP above 140 mm Hg or a DBP 
blood pressure above 90 mm Hg or both or confirmed by a physician [32]. Dyslipi- daemia 

was classified as a total cholesterol concentration above 5.18 mmol·L or previously 
confirmed by a physician, and diabetes classified as a non-fasting blood glucose concentra- 

tion above 11.1 mmol·L or previously confirmed by a physician. Cigarette smokers were 
classified as those that are current smokers or who have quit within the last six months [32]. 
Physical inactivity was classified as firefighters who exercised less than three days a week 
for at least 30 min [32]. A family history was classified as those that had a family history of 
myocardial infarction, coronary revascularization, or sudden cardiac death before 55 years 
in father or other first degree male relative, or before 65 years in mother or other first degree 
female relative [32]. 

2.6. Heart Rate Variability 

Heart rate variability was measured at rest using the Polar™ H10 heart rate monitor. 
The equipment was moistened with room temperature water and fitted to the center of the 

participant’s chest, directly in line with the xiphoid process of the sternum. The participant 
was asked to maintain a quiet seated position for five minutes before the measurement was 

taken. The participant’s HRV was then recorded over a five-minute period, following the 
five-minute rest period, giving a total test time of 10 min. The HRV data were analyzed 

using the Kubio© Software version 3.4.3. The standard deviation of all normal-to-normal 
(NN) intervals (SDNN), root-mean-square of successive differences (rMSSD), low-frequency, 
high frequency ranges and also the ratio (LF/HF) are the most widely used HRV indices, 

and were used as main outcome measures for this pilot study [33–35]. 
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2.7. Physical Fitness 

Data components of physical fitness were captured using a researcher-generated data 

collection sheet and the administration of physical tests and handgrip and back and leg 
dynamometer. 

2.7.1. Cardiorespiratory Fitness 

Cardiorespiratory fitness was estimated using the non-exercise method by applying 

the following formula: VO2max = 3.542+ (−0.014 × Age) + (0.015 × Body Mass [kg]) + 
(−0.011 × Resting Heart Rate) [36]. 

2.7.2. Handgrip Strength 

Handgrip strength was assessed with a Takei® 5401-C handgrip dynamometer for 
upper body muscular strength and measured using a following standardized procedures 

from the American College of Sports Medicine (ACSM) [32]. Manufacturer accuracy for 

the handgrip ± 2.0-kg force (kgf). The grip bar was adjusted so the second phalangeal joint 
fit snugly under the handle. The dynamometer was set to zero. The firefighters were asked 

to hold the handgrip dynamometer in line with the forearm and the level of the thigh, and 
away from the body. The firefighters were asked to squeeze with as much force as possible, 

without holding their breath. The procedure was repeated twice and the highest reading of 
the two measures was recorded. 

2.7.3. Leg Strength Dynamometer 

Leg strength was measured with a Takei® back and leg strength dynamometer. Manu- 

facturer accuracy for the back and leg strength dynamometer ± 6.0 kgf, respectively. To 
assess leg strength, the firefighters were asked to remain upright on the base of the dy- 

namometer with their feet shoulder width apart. Firefighters were requested to allow their 
arms to remain in an extended position with their hands grasping the dynamometer with 
their palms in prone position holding the bar. The chain was adjusted to ensure that each 

firefighters’ knees was in 110 degrees of flexion, which was approximately the midpoint of 
the patella tendon. The firefighters were instructed to pull as forcefully as possible on the 

chain, while attempting to straighten their knees. The procedure was repeated twice and 
the highest reading of the two was recorded. 

2.7.4. Push-Ups 

For upper body muscular endurance, the push-ups test was used [32]. The procedures 

for the push-up test were conducted in accordance with the ACSM guidelines [32]. Males 

were requested to position themselves in the standard prone position, with their hands 
positioned forward and under the shoulder, back in a straight position, head level and 
their toes as the pivotal point. Females were requested to perform the modified push-up 

position, with their hands shoulder width apart, head up, back straight, with their legs 
together, lower leg in contact with the mat, ankles in plantar flexion and their knees acting 

as the pivotal point. Firefighters were required to raise the body off the mat fully extending 
their elbow joints and returning to the down position. A hedgehog was placed under the 
chest of firefighters to maintain consistency when counting each repetition. The test was 

stopped when firefighters could not perform an additional push-up, or when two 
consecutive push-ups were performed incorrectly. 

2.7.5. Sit-Ups 

For abdominal muscular endurance, the sit-ups test was used [32]. The firefighters 

were asked to lay supine on the mat with their knees at 90 degrees flexion, with their hands 
across the shoulders, elbows pointing forward [37]. The firefighters were required to touch 

their knees with their elbows and then go back so the shoulders touch the floor. The number 
of repetitions performed were recorded. The test was ended when the firefighters 

experienced exhaustion, denoted as the inability to perform another repetition [37]. 
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2.7.6. Flexibility 

Lower back and hamstring flexibility was assessed with the sit-and-reach method. 
The ACSM [32] guidelines for the sit-and-reach were used when conducting this test. The 

firefighters were asked to position themselves in a seated position, barefoot, where their 
knees were completely extended and the soles of the feet flat against the sit-and-reach box 
and the inner edges of the soles roughly 15.2 cm apart. Each firefighter was asked to inhale 

and, when exhaling, to drop the head between the arms and slowly reach as far forward as 
possible, holding the stretched position for approximately two seconds. Firefighters were 

given three attempts, and the most distant point reached with the fingertips was recorded. 

2.7.7. Shoulder Reach Flexibility Test 

The shoulder reach flexibility test was used to assess shoulder flexibility. The test re- 
quired firefighters to touch the fingertips of each hand behind the back [38]. The firefighters 

were asked to flex one shoulder, externally rotate the humerus and flex the elbow while 
keeping the hand in a prone position against the torso. For the opposite arm, the shoulder 

joint was extended fully, internally rotated the humerus and flexed the elbow joint with the 
hand placed in the prone position, facing away from the torso [38]. Flexibility was graded 
based on whether the fingertips were touching. 

2.8. Occupational Performance 

The PAT was used to assess operational performance and was conducted according 
to the testing protocol of the City of Cape Town Fire and Rescue Service (CoCTFRS). The 
PAT is a test of simulated firefighting tasks and is graded on the time taken for each test 
(maximum time to complete task), and includes six simulation tasks, namely: (1) step- ups 

(≤90 s); (2) charged hose drag-and-pull (≤180 s); (3) ladder raise and extension (≤60 

s); (4) equipment carry (≤60 s); (5) forcible entry (≤60 s); and (6) rescue drag (≤60 s). 
Firefighters are required to complete the simulation protocol in under 9 min (540 s) in order 
to pass, and are required to pass each task in under the recommended time, or the task will 
be deemed a failure. Firefighters are allowed 20 s recovery between tasks. 

2.8.1. Step-Ups 

The firefighters were required to place a high-rise pack onto their shoulders, which 
consisted of two 20 kg weights, made up of in a twin donut method. They were further 
required to perform 30 step-ups on a 200 mm platform. The step-up required firefighters 

to place both feet onto a platform for each repetition, and back onto the ground into the 
starting position. 

2.8.2. Charged Hose Drag and Pull 

This task required the firefighters to drag a charged 45 mm line 27 m and then pull 
the remainder of the charged line a further 15 m. To simulate a charged hose, a 45 mm line 
tied to a tyre was preferred. The event required that firefighters place the hose-line over 

their shoulder or across the chest and advance the hose to the 27 m mark. Thereafter, the 
firefighters dropped to at least one knee, or in a seated position and pulled the hose-line to 

the 15 m mark. 

2.8.3. Ladder Raise and Extension 

In this task, firefighters were asked to walk a ladder six meters toward the building, 
raise a 7–8 m aluminum ladder using every rung, in a hand-over-hand fashion, until 

stationary. Immediately thereafter, the firefighters walked to the second pre-position and, 
using the hauling line, hoisted a 35 kg drum, pulling down the line hand-over-hand, until 

the fly section reached the pulley and then lower the ladder once again. The firefighters 
then walked back the ladder and lowered the ladder using the hand-over-hand technique, 
returning the ladder to the original position. 
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2.8.4. Equipment Carry 

The equipment carry involved the firefighters carrying two foam drums weighing 25 
kg each for a distance of 50 m. Firstly, the firefighter removed two foam drums from a 

1.2 m high platform, one at a time, and placed them on the ground. The firefighters then 
proceeded to carry the drums 25 m around the first marked position, around the cone, and 
back to the starting point, walking another 25 m. Upon returning, the firefighters placed 

the foam drums back onto the platform, one at a time. 

2.8.5. Forcible Entry 

The forcible entry event required firefighters to pick up a 6 kg sledgehammer and 

strike the tyre to drive the tyre a distance of 600 mm. 

2.8.6. Rescue Drag 

This event required firefighters to grasp an 80 kg tyre on the shoulders of the harness 
and drag the tyre 11 m to a prepositioned mark, perform a 180-degree turn, around the 
mark, and continue an additional 11 m toward the finish line. 

2.9. Statistical Analysis 

The data were analyzed using SPSS® software, version 28 (Chicago, IL, USA). The data 
were collected, coded and cleaned for errors using the double entry method on Microsoft 
Excel. Descriptive statistical analyses, such as the mean, standard deviation, frequencies, 

and percentages were performed. To assess the test–retest reliability of the equipment and 
the inter- and intra-assessor reliability, Pearson’s correlation was used. A test for normality 
was performed using the Shapiro–Wilk test, and indicated the data were not normally 

distributed. Thereafter, inferential statistics, consisting of the Mann–Whitney-U test and 
Kruskal–Wallis-H for differences and the Spearman’s Correlation coefficient for continuous 

variables were performed. A p-value of <0.05 was used to indicate statistical significance. 

3. Results 

3.1. Recruitment of Participants 

The questionnaire and the static physical measures took approximately 15 to 20 min 

each to complete, while the physical fitness tests took approximately 10 to 15 min to 
complete, and the PAT took approximately 5 to 15 min to complete. Overall, the average 

time for the completion of the testing battery was 40 to 55 min per firefighter. However, 
three to four firefighters could be tested concurrently and up to four firefighters were 

allowed to complete a testing battery in an hour, indicating that such data collection is 
feasible for the larger study. The pilot study provided the researchers with the opportunity 
to recruit participants to participate in the larger study and allowed researchers to plan and 

coordinate with staff to test all participants. The response rate was very good, as all the 
firefighters who were approached agreed to participate in the pilot study. 

3.2. Feedback on Questionnaire 

The most frequent concerns raised by firefighters were the use of the abbreviation 

“PPE”. Firefighters were not familiar with this word and, often, needed an explanation. 

The other term was the use of “musculoskeletal”, which many were not familiar with 
either. The firefighters noted that the information required was successfully obtained via 
the questions, with no confusion or misinterpretation present. The station commanders and 

platoon commanders confirmed the appropriateness of the questionnaires and provided 
suggestions for terminology that all firefighters would understand, such as “physical 

injury”, and were able to provide examples of injuries and descriptions for certain questions. 
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3.3. Assessor and Instrument Reliability 

The results from the pilot study indicated that all physical measures were reliably and 

consistently acquired (r = 0.912–0.998) (Table 1). 

Table 1. Assessor and instrument reliability and validity. 

Variable N r 

Body mass (kg) 
Height (cm) 
Bodyfat (%) 
Lean body mass (kg) 
Waist circumference (cm) 
Hip circumference (cm) 
Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 

Total cholesterol (mmol·L−1) 

Low-density lipoprotein (mmol·L−1) 

High-density lipoprotein (mmol·L−1) 

Triglycerides (mmol·L−1) 
Non-fasting blood glucose (mmol·L−1) 

36 
36 
36 
36 
36 
36 
34 
34 
10 

10 
10 

10 

10 

0.988 
0.994 
0.966 
0.975 
0.953 
0.967 
0.920 
0.912 
0.997 

0.999 
0.999 

0.995 

0.998 

Note: kg—kilogram; cm—centimetre; %—percentage; mm Hg—millimetres mercury; mmol·L−1—millimoles per 
litre; r—Pearson’s correlation coefficient. 

Firefighters’ demographic characteristics, categorized by gender, are reported in 
Table 2. The mean age and years of experience of firefighters was 39.1 ± 9.6 years and 

14.9 ± 10.5, respectively. The mean cardiorespiratory fitness for firefighters was over the 
recommended 42 mL·kg·min (12 METs). The overall completion time for the PAT was 
418.2 ± 215.9 s. Regarding gender, the mean LBM for males was 61.9 ± 8.1 kg and 

44.1 ± 3.5 kg for females (p < 0.001). The mean grip strength for males was 97.0 ± 24.1 kg 

and 61.4 ± 9.1 kg for females (p < 0.001). The mean leg strength for males was 118.5 ± 30.8 kg 

and 73.9 ± 11.4 kg for females (p < 0.001. The mean total completion time was 361.9 ± 169.8 s 

for males and 733.5 ± 178.9 s for females (p = 0.001), with males performing significantly 
better on all tasks. 

Table 2. Demographic characteristics of firefighters according to gender. 

Total Firefighters Male 

X ± SD 

Female 

X ± SD 

p-Value Variable       
N N N X ± SD 

Age (years) 
Years of experience (years) 
Body mass (kg) 
Stature (cm) 

BMI (kg·m−2) 
Waist circumference (cm) 
Hip circumference (cm) 
Bodyfat percentage (%) 
Lean body mass (kg) 
Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 

Total cholesterol (mmol·L−1) 

Low-density lipoprotein (mmol·L−1) 

High-density lipoprotein (mmol·L−1) 

Triglycerides (mmol·L−1) 
Non-fasting blood glucose 
(mmol·L−1) 

36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 

36 
36 

36 

36 

39.1 ± 9.6 
14.9 ± 10.5 
83.4 ± 14.4 

173.9 ± 10.3 
27.6 ± 4.1 
94.0 ± 11.5 
106.4 ± 7.3 
24.9 ± 9.0 
58.9 ± 10.1 

130.7 ± 11.9 
80.1 ± 9.6 
4.6 ± 0.9 

2.9 ± 0.8 
1.2 ± 0.3 

1.6 ± 1.1 

5.2 ± 0.8 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 
30 

30 

30 

38.6 ± 10.0 
15..3 ± 10.9 
85.9 ± 14.0 
176.9 ± 8.2 
27.5 ± 4.1 
95.6 ± 11.2 
105.9 ± 7.2 
23.1 ± 8.3 
61.9 ± 8.1 

129.7 ± 11.2 
78.6 ± 8.8 
4.6 ± 0.9 

2.7 ± 0.8 
1.2 ± 0.2 

1.8 ± 1.1 

5.3 ± 0.8 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
6 

6 

6 

41.2 ± 7.6 
13.0 ± 8.6 
70.6 ± 8.3 
159.3 ± 7.1 
27.9 ± 4.4 
86.0 ± 10.8 
109.2 ± 7.8 
34.2 ± 7.0 
44.1 ± 3.5 

135.3 ± 15.2 
87.2 ± 10.9 
4.7 ± 0.8 

2.7 ± 0.6 
1.6 ± 0.3 

1.0 ± 0.3 

4.7 ± 0.6 

0.312 
0.717 

0.010 * 
<0.001 
0.820 
0.094 
0.394 

0.005 ** 
<0.001 
0.418 
0.064 
0.725 

0.664 
0.741 

0.078 

0.052 
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Table 2. Cont. 

Total Firefighters Male 

X ± SD 

Female 

X ± SD 

p-Value Variable       
N N N X ± SD 

Heart rate variability (ms) 
Standard deviation of the N-N 
intervals (ms) 
Low frequency (Hz) 
High frequency (Hz) 
LF/HF ratio (ms) 
Physical fitness 
VO2max (L·min) 

VO2max (mL·kg·min) 
Grip strength (kg) 
Leg strength (kg) 
Push-up (RPM) 
Sit-up (RPM) 
Sit-and-reach (cm) 
Shoulder flexibility (R) 
Shoulder flexibility (L) 
Physical ability test 
Step-up (s) 
Charged hose drag and pull (s) 
Ladder raise and extension (s) 
Equipment carry (s) 
Forcible entry (s) 
Rescue drag (s) 
Total Time (s) 

34 

34 

34 
34 
34 

872.7 ± 165.1 

49.5 ± 27.9 

0.08 ± 0.03 
0.21 ± 0.06 
4.14 ± 6.44 

28 

28 

28 
28 
28 

877.8 ± 170.4 

51.1 ± 29.9 

0.09 ± 0.03 
0.20 ± 0.05 
4.78 ± 6.95 

6 

6 

6 
6 
6 

849.0 ± 149.4 

42.0 ± 16.7 

0.07 ± 0.02 
0.25 ± 0.06 

1.2 ± 0.6 

0.644 

0.741 

0.145 
0.074 
0.091 

34 
34 
35 
35 
35 
35 
35 
35 
35 

3.6 ± 0.2 
44.0 ± 5.9 

93.7 ± 21.0 
110.9 ± 33.0 
32.8 ± 13.9 
27.4 ± 9.8 
41.6 ± 8.6 
2.3 ± 0.9 
2.0 ± 1.0 

28 
28 
29 
29 
29 
29 
29 
29 
29 

3.6 ± 0.3 
44.3 ± 6.2 

97.0 ± 24.1 
118.5 ± 30.8 
33.2 ± 14.3 
28.6 ± 9.6 
41.1 ± 9.2 
2.2 ± 1.0 
1.9 ± 1.1 

6 
6 
6 
6 
6 
6 
6 
6 
6 

3.5 ± 0.2 
43.3 ± 5.4 
61.4 ± 9.1 

73.9 ± 11.4 
31.0 ± 12.9 
21.5 ± 9.2 
43.8 ± 4.4 
2.8 ± 0.4 
2.2 ± 0.8 

0.838 
0.768 

<0.001 ** 
<0.001 ** 

0.815 
0.093 
0.535 
0.272 
0.815 

33 
33 
33 
33 
33 
33 
33 

72.1 ± 26.5 
100.3 ± 55.5 
78.8 ± 48.5 
60.0 ± 41.3 
42.7 ± 37.2 
66.3 ± 58.0 

418.2 ± 215.9 

28 
28 
28 
28 
28 
28 
28 

65.3 ± 11.3 
82.6 ± 32.2 
65.0 ± 29.5 
54.4 ± 41.1 
38.2 ± 36.4 
56.4 ± 52.2 

349.4 ± 179.7 

5 
5 
5 
5 
5 
5 
5 

110.0 ± 51.5 
199.6 ± 55.9 
156.2 ± 64.5 
91.8 ± 28.4 
67.7 ± 34.6 
135.3 ± 54.9 

733.5 ± 178.9 

0.016 * 
<0.001 ** 
<0.001 ** 
0.006 ** 
0.039 * 
0.005 ** 
0.001 ** 

Note: * indicates statistical significance < 0.05; ** indicates statistical significance < 0.01. X—mean; SD—standard 

deviation; kg—kilogram; cm—centimetre; %—percentage; mm Hg—millimetres mercury; mmol·L−1—millimoles 
per litre; ms—milliseconds; Hz—Hertz; L·min—litres per minute; mL·kg·min– millilitres per minute per kilogram; 
RPM—repetitions per minute; s—seconds. 

In Table 3 we report the differences between musculoskeletal injuries and weekly 
physical activity according to the PAT. The mean completion time for firefighters who had 

a history of musculoskeletal injures was 79.9 ± 65.3 s and for firefighters without a history 

of musculoskeletal injury, the completion time was 40.1 ± 27.7 s (p = 0.017) (Table 3). 

Table 3. Differences between physical ability test based on gender, injury history and weekly 

physical activity. 

Injuries 

Never Injured 

X ± SD 

Weekly Physical Activity 
Moderately 

Active 

X ± SD 

Vigorously 
Active 

X ± SD 

Injured 

X ± SD 

Physical Ability 
Test 

p-Value p-Value     
    

Step-up (s) 
Charged hose drag 
and pull (s) 
Ladder raise and 
extension (s) 
Equipment carry (s) 
Forcible entry (s) 
Rescue drag (s) 
Total Time (s) 

72.7 ± 20.3 

106.1 ± 53.2 

71.1 ± 35.9 

90.1 ± 60.4 

0.228 

0.213 

64.8 ± 14.7 

86.5 ± 45.6 

76.3 ± 30.9 

108.2 ± 60.1 

0.069 

0.075 

82.9 ± 44.6 

68.7 ± 48.6 
48.1 ± 40.9 
79.9 ± 65.3 

458.4 ± 227.7 

71.8 ± 56.2 

44.8 ± 16.7 
33.2 ± 28.5 
40.1 ± 27.7 

298.2 ± 203.4 

0.131 

0.104 
0.518 

0.017 * 
0.069 

67.6 ± 37.3 

61.3 ± 60.6 
40.4 ± 43.6 
61.9 ± 74.9 

382.6 ± 249.6 

85.2 ± 53.7 

59.3 ± 26.6 
43.9 ± 34.1 
68.8 ± 47.2 

438.6 ± 197.8 

0.258 

0.104 
0.326 
0.136 
0.082 

Note: * indicates statistical significance < 0.05; X—mean; SD—standard deviation; s—seconds; ±—standard 
deviation; p—significance level. 
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In Table 4, we describe the prevalence of CVD risk factors, musculoskeletal injuries, 
suboptimal cardiorespiratory fitness and PAT results in our sample. According to the CVD 
risk factors, 19.4% of firefighters were aged, 26.1% were obese, 30.6% were hypertensive, 

5.6% were diabetic, 30.6% were dyslipidaemic, 33.3% were cigarette smokers, 27.8% had a 
family history of heart disease and 66.7% were physically inactive. All CVD risk factors 
were categorized according to the ACSM guidelines [32]. A total of 61.1% of firefighters 

reported experiencing an injury throughout their carriers, with the most prevalent injury 
being the ankle and foot (21.7%). About half of firefighters (47.2%) did not meet the mini- 

mum recommended cardiorespiratory fitness requirement of 42 mL·kg·min for firefighting, 
while 69.7% of firefighters did not meet the minimum time requirement of 580 s for PAT. 

Table 4. Prevalence of CVD risk factors, musculoskeletal injuries, suboptimal physical fitness, and 

physical ability test failures in firefighters. 

Variable N % 

Aged (years) 

Obesity (kg·m−2) 
Central obesity (cm) 
Hypertensive (mm Hg) 

Diabetic (mmol·L−1) 

Dyslipidaemia (mmol·L−1) 
Cigarette smoking 
Physical inactivity (min) 
Family history 
Musculoskeletal injuries 
Neck 
Shoulder 
Elbow 
Wrist and hand 
Lower back 
Knee 
Ankle and foot 
Multiple injuries 
Suboptimal cardiorespiratory fitness (est. 
VO2max) # 
Physical ability test time (s) 

7 
13 
9 

11 
2 

11 
12 
24 
10 
22 
1 
3 
1 
1 
4 
3 
5 
4 

17 

23 

19.4 
36.1 
25.0 
30.6 
5.6 

30.6 
33.3 
66.7 
27.8 
61.1 
4.3 

13.0 
4.3 
4.3 

17.4 
13.0 
21.7 
17.4 

47.2 

69.7 

Note: kg—kilogram; cm—centimetre; %—percentage; mm Hg—millimetres mercury; mmol·L−1—millimoles per 
litre; ms—milliseconds; Hz—Hertz; L·min (estimated)—litres per minute; mL·kg·min (estimated)—millilitres per 
minute per kilogram (Est.); RPM—repetitions per minute; s—seconds. #—cardiorespiratory fitness defined as an 
estimated VO2max of 42 mL·kg·min or 12 metabolic equivalents. 

As seen in Table 5, there were significant negative correlations between LBM and total 

completion time (r = −0.725, p < 0.001), between VO2max and total completion time (r = 

−0.593, p < 0.001), between grip strength and total completion time (r = −0.571, p < 

0.001) and between leg strength and total completion time (r = −0.484, p = 0.004). In 
addition, there were significant positive correlations between BF% and the step-up (r = 
0.503, p = 0.003), the charged hose drag and pull (r = 0.368, p = 0.035), and ladder raise and 
extension (r = 0.363, p = 0.038). Lean body mass, grip strength and leg strength were sig- 
nificantly and negatively correlated to all PAT tasks. In addition, VO2max was significantly 
and negatively correlated to all occupational tasks, except the stair climb. Finally, there 

was a significant negative correlation between knee discomfort and the step-up (r = −0.350, 

p = 0.046), and between foot and ankle discomfort and the step-up (r = −0.364, p = 0.037). 
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Table 5. Associations between CVD risk factors, heart rate variability, musculoskeletal health, 

physical fitness, and occupational performance (defined as time to complete each task and overall 

PAT completion time). 

1 2 3 4 5 6 7 

CVD risk factors 
Age 
Body mass index 
Bodyfat percentage 
Lean body mass 
Systolic blood pressure 
Diastolic blood pressure 
Non-fasting blood glucose 
Total cholesterol 
Heart rate variability 
Heart rate variability 
(N-N interval) 
SDNN 
RMSSD 
Low frequency range 
High frequency range 
Stress index 
Physical fitness 
Estimated VO2max # 
Grip strength 
Leg strength 
Push-up 

Sit-ups 
Sit-and-reach 
Musculoskeletal health 
Neck 
Shoulder 
Upper back 
Upper arm 
Lower back 
Forearm and wrist 
Hip/buttocks 
Thigh 
Knee 
Lower leg 

Foot and ankle 

0.302 
0.391 * 
0.503 ** 
−0.376 * 

0.187 
0.394 * 
−0.207 
0.359 * 

0.373 * 
0.067 
−0.368 * 
−0.690 ** 

0.039 
0.261 
−0.069 
0.304 

0.084 
0.081 
0.363 

−0.693 ** 
0.118 
0.278 
−0.184 
0.289 

0.208 
−0.026 
0.199 

−0.642 ** 
0.116 
0.225 
−0.008 
0.201 

0.145 
0.050 
0.296 

−0.580 ** 
−0.064 
−0.002 
−0.051 
0.016 

0.056 
−0.166 
0.160 
−0.697 
0.021 
0.174 
−0.040 
0.240 

0.241 
0.058 

0.369 * 
−0.725 ** 

0.104 
0.272 
−0.092 
0.257 

−0.142 

−0.455 * 
−0.368 * 
−0.264 
0.243 

0.459 ** 

−0.168 

−0.329 
−0.219 
−0.384 * 
0.438 * 
0.367 * 

−0.048 

−0.172 
−0.085 
−0.377 * 

0.338 
0.188 

−0.099 

−0.166 
−0.109 
−0.322 
0.386 * 
0.218 

0.015 

0.071 
0.155 
−0.302 
0.466 ** 
−0.018 

−0.278 

−0.146 
−0.111 
−0.214 
0.273 
0.165 

−0.133 

−0.225 
−0.126 
−0.365 * 
0.398 * 
0.261 

−0.258 
−0.412 * 
−0.301 
−0.201 
−0.354 * 
−0.206 

−0.667 ** 
−0.589 ** 
−0.530 ** 
−0.288 
−0.460 * 
−0.006 

−0.459 ** 
−0.597 ** 
−0.466 ** 
−0.085 
−0.189 
−0.041 

−0.541 ** 
−0.527 ** 
−0.460 ** 
−0.232 
−0.202 
−0.004 

−0.395 * 
−0.384 * 
−0.400 * 
−0.215 
−0.289 
−0.105 

−0.626 ** 
−0.554 ** 
−0.457 * 
−0.248 
−0.154 
−0.035 

−0.593 ** 
−0.571 * 
−0.484 ** 
−0.222 
−0.308 
−0.059 

0.269 
0.107 
−0.003 
0.230 
0.230 
−0.222 
0.172 
0.195 

0.350 * 
0.195 

0.364 * 

0.083 
−0.230 
0.082 
0.029 
0.029 
−0.201 
−0.019 
−0.195 
−0.097 
−0.195 
−0.064 

0.225 
0.007 
0.144 
0.018 
0.018 
−0.038 
0.002 
0.056 
−0.075 
0.056 
0.101 

−0.115 
0.022 
0.009 
−0.057 
−0.057 
−0.127 
−0.077 
−0.167 
−0.136 
−0.167 
0.094 

0.015 
−0.306 
0.149 
−0.024 
−0.024 
−0.054 
−0.174 
−0.139 
0.003 
−0.139 
0.093 

−0.090 
−0.051 
0.123 
0.088 
0.088 
0.032 
−0.027 
0.029 
0.195 
0.029 
0.140 

−0.067 
−0.083 
0.115 
0.084 
0.084 
−0.080 
−0.033 
−0.037 
−0.002 
−0.037 
0.113 

Note: * indicates statistical significance < 0.05; ** indicates statistical significance <0.01; #—indicates VO2max 
estimation from non-exercise equation. SDNN—standard deviation of normal-to-normal intervals; RMSSD— 
root mean square of successive differences between normal heartbeats; 1—step-up; 2—charged hose and pull; 
3—ladder raise and extension; 4—equipment carry; 5—forcible entry; 6—rescue drag; 7—total completion time 
(overall PAT duration). 

4. Discussion 

The objectives of the current study were to explore possible logistic or administrative 
obstacles the researchers would face in a similar larger study; determine the intra-assessor 
reliability of selected research equipment and survey instrument; determine the prevalence 

of CVD risk factors, musculoskeletal injuries, poor cardiorespiratory fitness and physical 
ability test (PAT) failures; and to explore the extent to which CVD risk factors and health 

metrics, musculoskeletal health and physical fitness are related to occupational performance 
in firefighters. The pilot study allowed us to determine effective methods of recruiting 
participants to participate in the larger study and plan and coordinate with fire department 

staff. The equipment was shown to be reliable and suitable for research purposes (r > 0.9). 
Face validation and content validation [39,40] of the questionnaire was successful, and 

accurately retrieved the data that was required from the firefighters. The pilot study indi- 
cated that the required information, such as demographics, CVD risk factors and health 
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metrics, musculoskeletal health, physical fitness and PAT measures could be successfully 
obtained from the research equipment and instruments used. The pilot study indicated that 
the battery of tests would take approximately 40 to 55 min per firefighter, with three to four 

firefighters being tested simultaneously, which is feasible for the large study. Hypertension 
(30.6%), dyslipidaemia (33.3%), obesity (36.1%) and physical inactivity (66.7%) were the 
most prevalent CVD risk factors, with the prevalence of hypertension [16,21,41–44], dyslipi- 

daemia [16,20,21,45] and physical inactivity [46–48] being higher than previous studies, and 
obesity prevalence similar to previous research [15–17,19,21]. The majority of firefighters 

(61.1%) reported having experienced musculoskeletal injuries, with the ankle and foot being 
the most frequently injured area (21.7%), which is consistent with previous literature [9]. In 

addition, 47.2% had not met the minimum recommended cardiorespiratory fitness level 

of 42 mL·kg·min based on estimated measures. Furthermore, 69.7% of firefighters did not 
meet the minimum time required to pass the PAT. Further, lean body mass, estimated 

VO2max, grip strength and leg strength were most related to individual tasks and total 
completion time for the PAT, which was consistent with previous literature [12,49]. 

4.1. Challenges Encountered, Feedback from Firefighters and Future Planning 

The firefighters indicated that the length of the questionnaire was a concern, with 

many of the questions being perceived as repetitive. Language used was important in the 
questionnaire, as several of the terms were confusing to the firefighters, and were changed 

to simpler terms based on suggestions provided. This feedback provided valuable 
information for the procedures for the full study, such as a much shorter questionnaire 
containing simpler terms and phrases. The researchers noted that firefighters required 

guidance on the self-administered questionnaire, with a designated researcher tasked to 
ensure that the questionnaire were answered correctly, and that all questions from the 

firefighters were answered succinctly. Potential obstacles were identified with the PAT, 
most attributed to researchers needing to ensure that time measuring was initiated at the 

onset of each activity, and that firefighters follow the correct order for the testing. For the 
full study, all these obstacles will be addressed to ensure efficiency and standardization of 
the testing. The validation of the research equipment and instruments was successful, as 

the data required were successfully obtained from the firefighters. 

4.2. Preliminary Results 

The non-exercise estimation of VO2max formula that was used in the current study 

had been validated in a previous study, where it was shown to be reliable when compared 
to the Astrand submaximal bike test [36]. In addition, the results of that study indicated 

that the estimated VO2max was a moderately significant predictor of Astrand submaximal 
VO2max (r = 0.688, p < 0.001). Moreover, estimated VO2max has previously been used in 
studies conducted on firefighters [50,51]. A study investigated the accuracy of the non-

exercise estimation of the VO2max method compared to the cooper 12 min test, and 
reported moderate to high reliability/specificity (71.5%) in firefighters [52]. Another study 

reported that moderate to moderate correlations existed between non-exercise estimation 
of VO2max and the Gerkin treadmill test (r = 0.69) and the Queen’s College step test 

(r = 0.51) [53]. The results in the current study indicated that 47.2% of firefighters did not 

meet the minimum requirement of 42 mL·kg·min for firefighting, as recommended by many 
researchers. A study by Houck et al. [54] reported that only 27.5% of full-time Urban and 

Wildland firefighters from New Mexico met the minimum recommended cardiorespiratory 
fitness level, substantially lower than the current pilot study. Comparably, Baur et al. [55] 
reported that 56.3% career firefighters in the United States did not meet the minimum 

recommendation of 42 mL·min·kg. In the current results, 69.7% of firefighters failed to 
complete the PAT in under 540 s, as stipulated in the firefighters’ health and wellness policy 
document. Stevenson et al. [56] conducted three firefighting tasks, namely, the ladder lift, 

the ladder lower, and the ladder extension, and found that 61% of firefighters passed the 
ladder lift, 77% passed the ladder lower and 71% passed the ladder extension. Von 
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Heimburg et al. [57] found that 7.9% of firefighters failed to meet the requirements to pass 
the occupational simulation [57], considerably fewer than the present study, and was 
composed of the puzzle, hose dragging, hose connection and disconnection, heavy can 

carry, the heat chamber and the “retreat”. This may be due to the participants in the study 
having performed the occupational simulation protocol multiple times [57], as opposed to 
the current study, where firefighters only performed the simulation once. This is supported 

in studies by Schonfeld et al. [58] and Stevenson et al. [59] that found that subsequent 
performances of a simulation protocol resulted in better performances. Furthermore, the 

current results showed that cardiorespiratory fitness was significantly related to all PAT 
tasks, except the step-up, and was related to overall completion time. This may, somewhat, 

explain why numerous firefighters failed to meet the minimum time requirements for the 
PAT, as many did not meet the minimum fitness requirements. Previous studies supported 
this finding, as studies have shown that cardiorespiratory fitness may be the most significant 

factor in occupational performance in firefighters [60–62]. 
There was a significant difference between all PAT tasks and overall completion time 

between male and female firefighters. This result is consistent with previous re- search 
[63–66]. This should be an important consideration when conducting the larger study, as 
gender differences in performance may be a significant confounder in the comple- tion times. 

A study by von Heimburg et al. [57] indicated that body mass and height were significantly 
related to occupational performance in firefighters. Since males are generally heavier and 

taller than females, this would partly explain the difference in performance. The study 
noted that shorter males with a lower body mass performed significantly worse on the 

occupational performance tasks [57]. In addition, many firefighting simulation tests use 
standardized equipment, requiring all firefighters to perform the same tasks using the same 
equipment, such as an 80 kg victim drag, and does not account for the relative size or weight 

of the firefighter performing the duties [60,62,67]. Invariably, lighter and smaller 
firefighters would exert more effort for the same task compared to their heavier and taller 

counterparts. On average, males had 36% greater skeletal muscle mass than females, and 
more specifically, 40% more skeletal muscle mass than females in the upper body and 33% 
more in the lower body [68]. This may be another important consideration regarding the 

differences in performance between male and female firefighters. 
The results indicated that age, obesity, LBM, cardiorespiratory fitness, grip strength 

and leg strength were significantly related to occupational performance, which is similar to 

the results reported in previous studies [12,60–62,67]. 

4.3. Trends with Correlations 

Numerous p-values bordered on significance, suggesting they would likely result in 

significant findings if a larger sample size were studied. 

4.4. Strengths and Limitations 

A strength of the study was that this pilot would inform the feasibility of a larger study. 

This study indicated that the equipment used, and intra-assessor reliability was suitable for 
use in the larger scale study. The preliminary results indicated that significant relationships 

existed between the variables in this pilot study, suggesting significant results for the larger 
scale study. A weakness of this study was that only one fire station was used for the pilot. In 
addition, very few female firefighters partook in this study. The relatively small sample size 

of the firefighters in this study cannot be generalized to the larger firefighter population, 
motivating the implementation of the full-scale study. The selection of the participants was 

recruited via convenient sampling, rather than random sampling. 

5. Conclusions 

The current pilot study was successful in accomplishing the objectives that were set 
out, including the face and content validation of the survey questionnaire. The total time for 

completing the full battery of tests was established and deemed acceptable, especially as up 
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to four firefighters can progress through the testing battery simultaneously. The assessors 
involved were given opportunity to familiarize themselves with the tests and the equipment 
and test–retest reliability showed high validity and reliability for use in the larger study. 

The preliminary results indicated that hypertension (30.6%) dyslipidaemia (33.3%), obesity 
(36.1%) and physical inactivity (66.7%) were the most prevalent CVD risk factors, with the 
majority of firefighters failing to meet the minimum required cardiorespiratory fitness level 

(47.2%) and required PAT completion time (69.7%). Cardiorespiratory fitness, lean body 
mass and grip and leg strength were significantly related to PAT tasks, and total completion 

time. We conclude that the planned larger study is feasible with no significant changes 
needed regarding the design and methodology. 

Recommendations 

The questionnaire should be shortened and repetitive questions should be removed. 

The larger study should attempt to include more female firefighters to strengthen the 
generalizability of findings to females in the CoCTFRS. 
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ORIGINAL ARTICLE 

Association between Cardiovascular and Musculoskeletal 
Health in Firefighters 

Jaron Ras, MSc, Elpidoforos S. Soteriades, PhD, Denise L. Smith, PhD, Andre P. Kengne, PhD, and Lloyd Leach, PhD 

Objective: The aim of the study is to determine the association between cardio- 

vascular health (CVH) and musculoskeletal health in firefighters. Methods: 

This cross-sectional study involved 309 full-time firefighters aged 20 to 65 

years. Cardiovascular health encompassed cardiovascular disease risk fac- 

tors, risk scores, CVH metrics, and heart rate variability. Musculoskeletal health 

was assessed using two validated questionnaires. Results: Increasing age 

( P = 0.004), body mass index ( P < 0.001), body fat percentage ( P < 0.001), 

diastolic blood pressure ( P = 0.003), total cholesterol ( P = 0.006), and Fra- 

mingham risk score ( P = 0.011) increased the risk of reporting musculoskeletal 

injuries (MSIs). Obesity ( P = 0.018), hypertension ( P = 0.034), and dyslipid- 

emia ( P = 0.005) increased the risk of reporting MSIs. Musculoskeletal dis- 

comfort was associated with total cholesterol ( P = 0.0.34) and low-density lipo- 

protein ( P = 0.014). Conclusions: Adverse cardiovascular disease risk profile 

was associated with MSIs and musculoskeletal discomfort in firefighters. Fire- 

fighters should maintain an ideal CVH profile, especially as they age. 

Keywords: firefighters, cardiovascular disease risk factors, cardiovascular 

health index, musculoskeletal injuries, musculoskeletal discomfort, risk factor 

Finvolves firefighters placing themselves in life-threatening situations, 
irefighting is a physically strenuous and hazardous occupation that 

Studies have indicated that an alarming number of firefighters 
have several cardiovascular disease (CVD) risk factors and poor 
cardiovascular health (CVH) metrics, which significantly predis- 
poses them to sustaining a sudden cardiac event while on active duty.6–9 
In addition, firefighters often sustain musculoskeletal injuries (MSIs) 
while performing fire suppression and other emergency duties.10–13 
Furthermore, many firefighters have mild-to-severe musculoskeletal 
discomfort (MSD), which limits their ability to perform their duties ef- 
fectively.14,15 Previous studies have shown that CVD risk factors and 
CVH metrics, such as obesity, aging, cigarette smoking, and physical 
activity, are related to MSIs and MSDs in firefighters.15–17 In addition, 
it has been reported that with an increase in body mass index (BMI), 
firefighters are more susceptible to lower limb injuries, particularly 
those related to the knees and ankles, due to an increase in nonfunc- 
tional weight, commonly associated with high-fat mass.11–13,18 Aging 
has been shown to be associated with reduced bone mineral density, 
connective tissue health, and skeletal muscle size and strength, 
compounding the negative effect of increased body mass on muscu- 
loskeletal health.10,13 The association between other CVD risk fac- 
tors, such as diabetes, dyslipidemia and hypertension, and musculo- 
skeletal health (MSH), has been understudied in firefighters. However, 
studies in the general population have indicated that connective tissues, 
such as those found in the musculotendinous junctions, may respond 
similarly to vascular tissue, being susceptible to atherosclerotic lesions 
and predisposed to injury.19,20 Moreover, the high blood glucose and 
cholesterol concentrations contribute to a proinflammatory state that 
may diminish tissue recovery and prolong the inflammatory re- 
sponses.19 These inflammatory responses affect the autonomic ner- 
vous system function resulting in depressed heart rate variability 
(HRV).21,22 Furthermore, a bidirectional relationship may exist be- 
tween musculoskeletal health and CVH, as pain, discomfort, or injury 
may lead to a decrease in physical activity, leading to obesity, elevated 
blood pressure, and blood lipids.23–25 

Determining the association between CVH and MSH in fire- 
fighters may provide novel findings on the possible associations that 

where they are often exposed to hazardous chemicals and fumes and 
high temperatures.1–3 During physically intense duty–related activity, 
firefighters often reach or even exceed their maximum age-predicted 
heart rates,2,4 with many activities requiring forceful repetitive muscular 
contractions. This necessitates that firefighters maintain good cardio- 
vascular and musculoskeletal health to assist in performing their duties 
with sufficient speed and efficiency.5 
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LEARNING OUTCOMES 

After completing this research article, the learner will be better 
able to: 
• Outline and discuss the association between cardiovascular 

health and musculoskeletal health among firefighters in 
the City of Cape Town Fire and Rescue Service. 

• Outline the cardiovascular health parameters contributing 
most significantly to musculoskeletal injuries and musculo- 
skeletal discomfort in firefighters. 

• Differentiate the impact sociodemographic factors, such as 
age, sex, and years of experience, have on cardiovascular 
health in relation to musculoskeletal health in firefighters. 

• Suggest ways to improve the cardiovascular and musculo- 
skeletal parameters of firefighters to improve cardiovascular 
health and prevent work-related musculoskeletal injuries 
and discomfort. 
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may exist in this occupational population. Understanding the associa- 
tion may help better understand what is presumed to be a bidirectional 
relationship between CVH and MSH and lead to new theories about 
potential mediators of this relationship. Furthermore, because CVD 
risk factors are more often measured, these parameters may provide 
insight into the risk of injury. Firefighters are often required to exert 
maximum effort for extended durations, which may increase the risk 
of sudden cardiac events1,2,26 and predisposes them to severe MSIs.27–29 
The establishment of an association between CVH and musculoskeletal 
health may assist in reducing the likelihood of morbidity and mortality 
commonly seen in this population. Therefore, the aim of this study was 
to determine the association between CVH and MSH in firefighters. 

upright, barefoot, and stationary on the scale. Waist circumference was 
measured at the point of the belly button.33 Hip circumference was 
taken at the level of the greatest posterior protuberance of the buttocks. 

Blood Pressure 
Blood pressure was measured using the Omron Healthcare, Inc, 

M6 comfort intelligence (Omron Healthcare Co, Ltd, Hoofddorp, the 
Netherlands) automatic blood pressure monitor. Firefighters were asked 
to remain in a quiet seated position for 5 minutes before testing, with the 
left arm elevated onto the testing table. The midline of the bladder of the 
blood pressure cuff was placed over the brachial artery to ensure accu- 
rate and consistent readings. The participants’ blood pressures were 
taken thrice, with at least 2-minute intervals between measures. The 
average of the three measurements was used as the final measurement. 

METHODS 

Blood Tests 
Total cholesterol (TC), low-density lipoprotein cholesterol 

(LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides, 
and nonfasting blood glucose (NFBG) concentrations were measured 
using a CardioChek® Plus analyzer (PTS Diagnostics, IN), which has 
been shown to be accurate and reliable within industry standards.34 
The test entailed a finger-prick, wherein the initial blood droplet was 
wiped off, and a second drop of blood was used for testing purposes. 

Study Design and Population 

This cross-sectional study used data on MSH (MSIs and MSD) 
and CVH (CVD risk factors, CVD risk score, HRV, CVH index) from 
a cohort of firefighters. Full-time male and female firefighters be- 
tween the ages of 20 to 65 years from the City of Cape Town Fire 
and Rescue Service, South Africa, were included, after written in- 
formed consent. The study was approved by the Biomedical Research 
Ethics (BM21/10/9) Committee of the University of the Western Cape 
(South Africa). Approval was granted by the Chief Fire Officer, as well 
as the research and the Department of Policy and Strategy research 
branch of the City of Cape Town. 

Classification of CVH Parameters 

In the current study, CVH was used as an umbrella term and inves- 
tigated using several approaches. These approaches included three main 
subcomponents, those being CVD risk factors, CVH metrics and HRV. 
The subcomponents of CVD risk factors and CVH metrics have variables 
that overlap. The CVD risk factors include age, obesity, hypertension, 
dyslipidemia, diabetes, cigarette smoking, physical inactivity and family 
history. For CVH, the metrics included BMI, blood pressure, cholesterol, 
blood glucose, physical inactivity, cigarette smoking, and diet. 

Sampling and Participant Recruitment 

The City of Cape Town Fire and Rescue Service employs ap- 
proximately 1000 full-time firefighters and using the finite population 
sample size calculation, a minimum sample size of 278 was needed to 
ensure the precision and the statistical power of the results. Firefighters 
excluded were those on administrative duty, on sick leave, employed 
part-time, or on a seasonal basis. 

Data collection took place during the City of Cape Town Fire 
and Rescue Services annual physical fitness assessment, where fire- 
fighters from all 96 platoons (32 fire stations) were selected, using ran- 
dom systematic sampling. Using the sampling interval calculation, ev- 
ery third firefighter was recruited. In the instance where the selected 
participant declined to participate, the next participant was recruited. 
More specifically, for each day of testing, five to six platoons would 
be called to participate in the annual physical ability test. Each of the 
96 platoons consisted of 8 to 12 firefighters. 

Cardiovascular Disease Risk Factors 
Age, as a risk factor, was classified as males older than 45 years 

and females older than 55 years.33 Obesity was classified as a BMI at 
or greater than 30 kg·m−2, and central obesity was classified as a waist 

circumference more than 94 cm for men and more than 80 cm for 
women.33 Hypertension was classified as systolic blood pressure 
(SBP) ≥140 mm Hg and/or diastolic blood pressure (DBP) ≥90 mm 

Hg or history of physician diagnosis.33 Dyslipidemia was defined as 
a TC ≥5.18 mmol·L or previously confirmed by a physician, and dia- 

betes was defined as random blood glucose ≥11.1 mmol·L or previ- 

ously confirmed by a physician. Hypertriglyceridemia was classified 
as a triglyceride ≥1.70 mmol·L. Cigarette smoking was based on cig- 

arette use in the last 6 months.33 Physical inactivity was based on 
exercising less than 3 days a week for at least 30 minutes at a moderate 
intensity.33 Physical activity was classified into three categories, 
namely, total low, moderate, and vigorous intensity weekly minutes. 
Weekly metabolic equivalents were calculated using the method de- 
scribed by the International Physical Activity Questionnaire, using 
the total minutes of low-, moderate-, vigorous-intensity activity. A pos- 
itive family history was based on a history of myocardial infarction, 
coronary revascularization, or sudden cardiac death before 55 years 
in the father or other first-degree male relative, or before 65 years in 
the mother or first-degree female relative.33 

Data Collection 

A researcher-generated data collection sheet was used to record 
the sociodemographic, lifestyle, CVH, and musculoskeletal health in- 
formation, as well as descriptive physical measures. The musculoskel- 
etal health section was based on the Nordic Musculoskeletal Question- 
naire30 and Cornell Musculoskeletal Discomfort Questionnaire,31 and 
physical activity habits were gathered using the International Physical 
Activity Questionnaire,32 which has been shown to be reliable in a 
South African population. 

Descriptive Measures 

Stature, Body Mass, and Circumferences 
For stature, firefighters were asked to stand barefoot on the level 

stadiometer base, with the heels together and the heels, buttocks, and up- 
per back touching the stadiometer rod of a portable stadiometer (Seca 
model 700; Gmbh & Co, Germany). A Tanita© (Tanita©, Tokyo, 
Japan) BC-1000 Plus bioelectrical impedance analyzer was used to 
obtain body composition data, which included body mass (weight), 
fat mass, and body fat percentage (BF%). When taking body mass 
and BF%, firefighters were requested to wear minimal clothing, stand 

Cardiovascular Disease Risk Score 
Framingham risk, lifetime, and 10-year atherosclerotic cardio- 

vascular disease (ASCVD) were calculated to assess the cardiovascu- 
lar risk of firefighters.35 The Framingham risk score was used to assess 
the risk of coronary artery disease over a 10-year period in firefighters 
and included six risk factors, namely, age, gender, TC, HDL-C, ciga- 
rette smoking and SBP.35 The 10-year ASCVD risk score was used 

e497 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 
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to assess the CVD risk of firefighters older than 40 years, only, and es- 
timated using SBP, DBP, TC, HDL-C, LDL-C, diabetes history, and 
smoking status.36 For lifetime risk, all previous risk factors were in- 
cluded; however, only firefighters between the ages of 20 to 59 years 
were included.37 

the outcome variable. Cardiovascular health was analyzed using sev- 
eral approaches in logistic regressions, specifically as continuous car- 
diovascular measures (age, BMI, blood pressure, lipids, glucose, phys- 
ical activity, HRV, and risk scores), traditional cardiovascular disease 
risk factors (age, obesity, dyslipidemia, diabetes, hypertension, ciga- 
rette smoking, physical inactivity, family history), CVD risk scores 
(Framingham risk score, lifetime, and 10-year ASCVD risk), CVH 
metrics (American Heart Association). The selection of exploratory 
variables was evidence based and selected based on previous research 
that consistently reported an association between MSIs and MSD in 
firefighters. Two models were selected to adjust for age and years of 
experience separately, to reduce collinearity. In model 2, covariates ad- 
justed for included age, sex, and BMI (only nonadiposity-related mea- 
sure) and in model 3 covariates adjusted for included years of experi- 
ence, sex, and BMI (only nonadiposity-related measure). Moreover, to 
ensure collinearity was not present, all covariates had a correlation less 
than 0.5 and a VIF of less than 5. Variables not following a normal dis- 
tribution were fractionally ranked and then normalized using the in- 
verse DF, IDF.NORMAL transformation.42 A P value less than 0.05 
was used to indicate statistical significance. 

Cardiovascular Health Metrics 
The American Heart Association used these seven CVH met- 

rics to classify individuals as having a good index for CVH or a poor 
index. The CVH index (CVHI) was inversely associated with 
all-cause mortality and cardiovascular events.38,39 For this study, 
CVHI was classified as “poor” if two or fewer CVH metrics were clas- 
sified as good, classified as “intermediate” if firefighters had three to 
four metrics classified as good, and classified as “good” if firefighters 
had five to seven metrics rated as good or ideal. The metrics used for 
the CVHI included BMI, blood pressure, TC, NFBG, physical activ- 
ity, cigarette smoking, and diet. These factors had the same cutoff 
values as the CVD risk factors previously described in the section 
“cardiovascular disease risk factors.”38,39 Diet was scored as good if 
four or five components were good, intermediate 2 to 3 components 
were good and poor if 0 to 1 components were good. The diet ques- 
tions were based on the recommendations by the American Heart As- 
sociation for a healthy diet and included questions on fruit and vege- 
table intake, a weekly serving of fish, fiber-rich whole grains, salt in- 
take, and sugar intake.38,39 There were five questions with each 
question with three questions having a total point score of three points 
and two questions with a total point score of four points accumulating 
to a total of 17 points. 

RESULTS 

Table 1 shows the descriptive characteristics of firefighters 
overall and by sex. The median (IQR) age, height, and weight were 
38.0 (18.0) years, 173.1 (9.9) cm, and 81.5 (18.0) kg, respectively. 
The males were taller ( P < 0.001), heavier ( P < 0.001), and had a 
higher BF% ( P < 0.001), DBP ( P = 0.003), triglyceride concentra- 
tion ( P < 0.001), and CVD risk scores ( P < 0.001) when compared 
with females. 

Table 2 describes the CVH values for firefighters with and 
without MSI or MSD. Never-injured firefighters were younger 
( P = 0.002), had fewer years of experience ( P < 0.001), and weighed 
less ( P = 0.008). In addition, BMI ( P = 0.002), waist circumference 
( P = 0.008), BF% ( P < 0.001), SBP ( P = 0.035), DBP ( P = 0.001), 
TC ( P = 0.004), LDL-C ( P = 0.009), triglycerides ( P = 0.042), Framingham 
risk score ( P = 0.002), and LF range (p 0.042) was different between 
injured and noninjured firefighters. Total cholesterol ( P = 0.034), 
LDL-C ( P = 0.009), SDNN ( P = 0.006), and RMSSD ( P = 0.004) 
were significantly different between firefighters experiencing muscu- 
loskeletal discomfort and those without. 

Table 3 describes the association between CVH (CVD risk fac- 
tors, risk score, CVH metrics, and HRV) and MSI status in fire- 
fighters. For every 1-year increase in age and years of experience 
and firefighters that were of female sex, increased the risk of MSI 

Heart Rate Variability 
Heart rate variability was measured at rest using the Polar™ 

(Polar Electro Oy, Kempele, Finland) H10 heart rate monitor. The 
equipment was moistened with room temperature water and fitted to 
the center of the participant’s chest, directly in line with the xiphoid 
process of the sternum. The participant was asked to maintain a quiet 
seated position for 5 minutes before the measurement was taken. The 
participant’s HRV was then recorded over a 5-minute period, follow- 
ing the 5-minute rest period, giving a total test time of 10 minutes. 
The HRV data were analyzed using the Kubio© Software version 
3.4.3. The standard deviation of all normal-to-normal (NN) intervals (SDNN), 
root-mean-square of successive differences (RMSSD), low-frequency 
(LF), high-frequency (HF) ranges, and the ratio (LF/HF) was used as 
main outcome measures for HRV for this study.40,41 The frequency 
band for LF ranged between 0.04 and 0.15 Hz and ranged between 
0.15 and 0.40 for HF. 

by a  factor  of  1.03 ( P = 0.004), 1.04 ( P < 0.001), and 2.19 
( P = 0.033), respectively. A 1-unit increase in BMI and BF% and 

Classification of Musculoskeletal Health 

Musculoskeletal health was subcategorized as MSI and MSD 
status. For MSI status, firefighters were categorized as those who 
sustained an injury while on duty during their time in the fire services 
based on their responses to the Nordic Musculoskeletal Questionnaire. 
Musculoskeletal discomfort status was classified as those firefighters 
that reported experiencing MSD in the past week, using the Cornell 
Musculoskeletal Discomfort Questionnaire. 

TC was associated with an increase in the risk of MSI by a factor of 
1.09 ( P < 0.001), 1.05 ( P < 0.001), and 1.27 ( P = 0.011), respectively. 
In the multivariate analysis, after adjustment for years of experience 
and BMI, the female sex was associated with a risk of MSI that was 
2.30 greater compared with males ( P = 0.031). In addition, as BMI 
and BF% increased by 1 kg·m−2 and 1%, the risk of MSI increased 
by a factor of 1.07 ( P = 0.023) and 1.03 ( P = 0.044), respectively. 
Obesity and a high BF% increased the risk of MSI by a factor of 
1.84 ( P = 0.018) and 1.95 ( P = 0.034), respectively. Hypertension, 
dyslipidemia and hypertriglyceridemia increased the risk of MSI by 
a factor of 1.64 ( P = 0.034), 1.98 ( P = 0.005), and 1.81 
( P = 0.013), respectively. In addition, poor CVHI increased the risk 
of MSI by a factor of 1.62 ( P = 0.049) and a good CVHI decreased 
the risk of MSI by a factor of 0.41 ( P = 0.037). 

Table 4 presents the association between CVH (CVD risk fac- 
tors, risk score, CVH metrics, and HRV) and MSD in firefighters. 
Univariable analysis indicated that every 1-unit increase in TC and 
LDL-C increased the odds of MSD by a factor of 1.22 ( P = 0.034) 
and 1.32 ( P = 0.014), respectively. Every 1-unit increase in SDNN 

Statistical Analysis 

The data were analyzed using SPSS® software, version 28 
(Chicago, IL). The Shapiro-Wilks test was used to test the distribution 
of the data, which were shown to be not normally distributed. Then, 
group comparisons were based on the Kruskal-Wallis test, because 
of the departure from a normal distribution of many variables. Continu- 
ous variables are summarized as the medians and 25th to 75th percen- 
tile. Univariable and multivariable logistic regressions were performed 
to determine the association between CVH parameters, which were 
treated as the independent variables, and MSH which designated 

e498 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 
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TABLE 1. Descriptive Characteristics of Firefighters Overall and by Sex 

Total Firefighters Males Females 

n X̃(p25th–p75th) n X̃(p25th–p75th) n X̃(p25th–p75th) P 

Age, y 
Years of experience, y 
Height, cm 
Weight, kg 
BMI, kg·m−2 

Waist circumference, cm 
BF%, % 
SBP, mm Hg 
DBP, mm Hg 
NFBG, mmol·L−1 

TC, mmol·L−1 

LDL-C, mmol·L−1 
HDL, mmol·L−1 
Triglycerides, mmol·L−1 
Diet score 
Physical activity level 

TLIPAM, min 
TMIPAM, min 
TVIPAM, min 
TWMETM 

Cardiovascular disease risk score 
Lifetime ASCVD risk score 
Framingham risk 
ASCVD risk scorea 

Heart rate variability 
HRV, ms 
SDNN, ms 
RMSSD, ms 
LF, Hz 
HF, Hz 
LF/HF ratio, Hz 

Musculoskeletal discomfortbc 
Neck 
Shoulder 
Upper back 
Upper arm 
Forearm and elbow 
Wrist and hand 
Low back 
Hip and buttocks 
Thigh 
Knee 
Lower leg 

Foot and ankle 
Musculoskeletal injuries, n (%)d 

Neck, n (%) 
Shoulder, n (%) 
Upper back, n (%) 
Forearm and elbow, n (%) 
Wrist and hand, n (%) 
Lower back, n (%) 
Hip and buttocks, n (%) 
Thigh, n (%) 
Knee,n (%) 
Lower leg, n (%) 
Ankle and foot, n (%) 

309 
309 
309 
309 
309 
309 
309 
309 
309 
309 
309 
309 
309 
309 
309 

38.0 (30–48.0) 
14.0 (5.0–22.0) 

173.1 (168.1–177.9) 
81.5 (72.5–90.5) 
27.1 (24.1–30.4) 
93.0 (84.3–101.0) 
20.2 (14.9–27.2) 

137.3 (125.0–145.5) 
81.7 (74.2–90.8) 
5.4 (4.9–6.2) 
4.6 (3.9–5.4) 
2.6 (2.1–3.4) 
1.2 (1.0–1.4) 
1.4 (0.9–2.2) 

10.0 (8.0–11.0) 

275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 

38.0 (30.0–48.0) 
14.0.0 (5.0–23.0) 

174 (170.5–178.3) 
82.4 (73.9–91.0) 
27.0 (24.2–30.1) 
93.5 (85.0–103.0) 
19.0 (14.2–24.0) 

137.5 (126.7–146.7) 
81.7 (74.0–90.5) 
5.4 (4.9–6.2) 
4.6 (3.9–5.4) 
2.6 (2.1–3.4) 
1.2 (1.0–1.4) 
1.5 (0.9–2.2) 

9.0 (8.0–11.0) 

34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 

39.0 (30.0–45.0) 
14.0 (5.0–17.3) 

162.9 (158.1–167.0) 
73.2 (63.1–81.0) 
28.4 (23.4–31.9) 
86.8 (77.8–98.2) 
34.3 (27.6–40.8) 

127.5 (115.7–141.0) 
82.3 (74.2–92.6) 
5.4 (4.8–6.1) 
4.8 (3.9–5.4) 
2.8 (2.0–3.3) 
1.5 (1.3–1.7) 
0.9 (0.7–1.7) 

10.0 (9.0–12.0) 

0.786 
0.252 

<0.001** 
<0.001** 

0.264 
0.002** 

<0.001** 
0.003** 
0.710 
0.970 
0.835 
0.705 

<0.001** 
<0.001** 

0.186 

309 
309 
309 
309 

123.0 (60.0–360.0) 
420.0 (240.0–660.0) 
340.0 (180.0–720.0) 

2397.0 (1320.0–4416.0) 

275 
275 
275 
275 

120 (60.0–300.0) 
420 (240.0–660.0) 

310.0 (180.0–720.0) 
2400.0 (1320.0–4464.0) 

34 
34 
34 
34 

120.0 (75.0–540.0) 
360.0 (90.0–540.0) 
405.0 (150.0–885.0) 

2080.0 (1320.0–3879.0) 

0.473 
0.170 
0.915 
0.663 

303 
309 
138 

5.5 (2.4–9.9) 
1.1 (0.2–5.9) 

50.0 (39.0–50.0) 

275 
275 
123 

5.1 (3.2–10.6) 
0.6 (0.3–6.3) 

50.0 (46.0–50.0) 

33 
34 
15 

0.8 (0.5–1.1) 
0.2 (0.0–0.5) 

39.0 (27.0–39.0) 

<0.001** 
<0.001** 
<0.001** 

304 
304 
304 
304 
304 
304 
130 
34 
43 
25 
21 
24 
32 
72 
20 
19 
48 
19 
29 

130 (42.1) 
10 (3.2) 
17 (5.5) 
7 (2.3) 
3 (0.9) 

12 (3.9) 
24 (7.8) 
4 (1.3) 
3 (1) 

31 (10.0) 
1 (0.3) 

39 (12.6) 

713.5 (628.3–821.5) 
32.5 (21.5–46.5) 
22.6 (13.8–37.6) 
0.09 (0.07–0.11) 
0.18 (0.16–0.22) 
2.90 (1.6–5.1) 
4.8 (3.0–20.0) 
3.0 (1.5–6.0) 
4.5 (2.0–10.0) 
5.0 (2.0–6.0) 
3.5 (2.0–6.0) 
4.5 (2.0–6.0) 
6.0 (1.5–6.0) 
3.0 (1.6–6.0) 
6.0 (2.0–6.0) 
3.5 (2.0–6.0) 
3.0 (1.5–6.0) 
3.5 (2.0–6.0) 

2.0 (1.5–6.0) 

270 
270 
270 
270 
270 
270 
112 
31 
42 
22 
21 
23 
30 
64 
18 
19 
43 
18 
25 

110 (40.0) 
8 (2.9) 

14 (5.1) 
7 (2.5) 
3 (1.1) 

10 (3.6) 
22 (8.0) 
4 (1.5) 
3 (1.1) 

24 (8.7) 
1 (0.4) 

31 (11.3) 

716.0 (632.0–826.3) 
32.6 (21.7–46.7) 

22.65 (13.9–37.6) 
0.09 (0.07–0.11) 
0.17 (0.16–0.21) 
2.9 (1.7–5.5) 
4.5 (1.5–20.0) 
3.0 (1.5–6.0) 
4.5 (2.0–10.0) 
4.3 (1.9–6.0) 
3.5 (1.9–6.0) 
3.0 (2.0–6.0) 
6.0 (1.5–6.0) 
3.0 (1.5–6.0) 
6.0 (2.0–6.0) 
3.5 (2.0–6.0) 
3.0 (1.5–6.0) 
2.8 (1.9–6.0) 

3.0 (1.5–6.0) 

34 
34 
34 
34 
34 
34 
18 
3 
1 
3 
0 
1 
2 
8 
2 
0 
5 
1 
4 

20 (58.8) 
2 (5.9) 
3 (8.8) 
0 (0) 
0 (0) 
2 (5.9) 
2 (5.9) 
0 (0) 
0 (0) 
0 (0) 
2 (5.9) 
8 (23.5) 

690.0 (619.5–817.0) 
28.2 (19.2–44.1) 
21.9 (12.4–39.0) 
0.08 (0.06–0.09) 
0.19 (0.16–0.29) 
2.6 (1.4–3.9) 
9.5 (3.0–20.0) 
1.5 (1.5) 
1.5 (1.5–1.5) 
6.0 (3.0) 

— 

60.0 (60.0–60.0) 
5.8 (1.5) 
5.5 (3.0–9.8) 

20.8 (1.5) 
— 

3.5 (2.3–30.5) 
10.0 (10.0–10.0) 

1.5 (1.5–2.6) 

0.326 
0.514 
0.802 
0.034* 
0.075 
0.089 
0.467 
0.645 
0.186 
0.353 

— 

0.083 
0.901 
0.353 
0.947 

— 

0.246 
0.211 

0.124 

*Indicates statistical significance <0.05. 

**Indicates statistical significance <0.01. 
aThe ASCVD risk score calculated for firefighters older than 40 years, only. 
bMusculoskeletal discomfort did not include injury data. 
cIndicates that only firefighters reported experiencing musculoskeletal discomfort. 
dIndicates only firefighters who reported a musculoskeletal injury. 

X,̃median; BF%, body fat percentage; BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HF, high frequency; HRV, heart rate variability; LDL-C, low-

density lipoprotein; LF, low frequency; LF/HF, low- and high-frequency ratio; NFBG, nonfasting blood glucose; p25th–p75th, 25th percentile to 75th percentile; RMSSD, root-mean- square 

of successive differences; SBP, systolic blood pressure; SDNN, standard deviation of all normal-to-normal; TC, total cholesterol; TLIPAM, total low-intensity physical activity mi- nutes; 

TMIPAM, total moderate-intensity physical activity minutes; TVIPAM, total vigorous-intensity physical activity minutes; TWMETM, total weekly metabolic equivalent minute. 

e499 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 
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TABLE 2. Differences between CVH and Musculoskeletal Health in Firefighters 

Musculoskeletal 
Discomfort Injured Never Injured Without Discomfort 

n X̃(p25th–p75th) n X̃(p25th–p75th) P n X̃(p25th–p75th) n X̃(p25th–p75th) P 

Age, y 
Years of experience, y 
Height, cm 
Weight, kg 
BMI, kg·m−2 
WC, cm 
BF%, % 
SBP, mm Hg 
DBP, mm Hg 
NFBG, mmol·L−1 
TC, mmol·L−1 

LDL-C, mmol·L−1 

130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 

42.0 (32.0–49.0) 
17.0 (7.0–25.0) 

172.9 (167.5–178.0) 
82.4 (74.0–95.9) 
27.6 (25.1–31.7) 
95.0 (86.9–104.3) 
22.1 (16.7–28.3) 

140.0 (128.3–146.0) 
85.0 (77.5–92.4) 
5.4 (4.9–6.1) 
4.9 (4.1–5.6) 
2.8 (2.2–3.5) 
1.2 (1.0–1.4) 
1.6 (0.9–2.2) 

10.0 (8.0–11.0) 
120.0 (60.0–345.0) 
360.0 (240.0–660.0) 

240.0 (180.0–720.0) 

178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 

36.0 (29.0–46.0) 
11.0 (4.0–19.0) 

173.5 (169.0–177.9) 
80.8 (72.1–87.5) 
26.8 (23.9–29.6) 
90.8 (83.0–100.0) 
18.3 (13.7–24.7) 

134.5 (123.2–145.1) 
79.7 (72.5–88.5) 
5.4 (4.9–6.2) 
4.4 (3.8–5.2) 
2.5 (2.0–3.2) 
1.2 (1.0–1.4) 
1.3 (0.9–1.4) 

10.0 (8.8–11.0) 
145.0 (62.5–360.0) 
480.0 (215.0–660.0) 
360.0 (180.0–720.0) 

2580.0 (1578.0–5310.0) 

0.002** 130 
<0.001** 130 

0.765 130 
0.008** 130 
0.002** 130 
0.008** 130 

<0.001** 130 
0.035* 130 
0.001** 130 
0.999 130 
0.004** 130 
0.030* 130 
0.690 130 
0.042* 130 
0.961 130 
0.372 130 
0.281 130 
0.004** 130 

39.0 (32.0–46.5) 
15.0 (6.8–22.3) 

173.0 (168.4–178.0) 
80.7 (71.9–91.6) 
27.0 (24.5–31.1) 
93.5 (84.0–101.0) 
21.3 (14.9–28.5) 

139.0 (128.4–145.4) 
81.8 (73.7–91.1) 
5.4 (4.8–6.1) 
4.8 (4.1–5.6) 
2.8 (2.3–3.5) 
1.2 (1.0–1.4) 
1.4 (0.8–2.2) 

10.0 (9.0–11.0) 
130.0 (60.0–360.0) 
380.0 (210.0–630.0) 

360 (180.0–720.0) 

179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 

37.0 (29.0–48.0) 
13.0 (5.0–22.0) 

173.3 (168.0–177.9) 
82.0 (73.0–90.1) 
27.2 (23.9–30.2) 
91.5 (84.5–101.5) 
19.5 (14.6–25.9) 

136.3 (124.3–146.0) 
81.7 (74.7–90.0) 
5.4 (5.0–6.3) 
4.5 (3.9–5.2) 
2.5 (1.9–3.3) 
1.2 (1.1–1.4) 
1.4 (0.9–2.2) 

10.0 (8.0–11.0) 
120.0 (60.0–360.0) 
480.0 (240.0–700.0) 

320.0 (180.0–720.0) 

0.478 
0.219 
0.707 
0.942 
0.469 
0.770 
0.118 
0.200 
0.853 
0.183 
0.034* 
0.009** 
0.939 
0.482 
0.358 
0.512 
0.463 
0.060 
0.474 

HDL-C, mmol·L−1 130 
Triglycerides, mmol·L−1 130 
Diet score 
TLIPAM, min 
TMIPAM, min 
TVIPAM, min 
TWMETM, MET·Min 

130 
130 
130 
130 
130 2080.0 (1202.5–3699.0) 0.589 130 2080.0 (2607) 179 2655.0 (1440.0–4986) 

Cardiovascular disease risk score 
Lifetime ASCVD 129 

risk score 
Framingham risk score 129 
ASCVD risk scorea 70 
Heart rate variability 

Heart rate variability, 128 
ms 

50.0 (46–50.0) 175 50.0 (36.0–50.0) 0.365 129 50.0 (42.5–50.0) 175 46.0 (36.0–50.0) 0.284 

2.6 (0.5–6.8) 

5.3 (2.5–9.9) 
180 

67 

0.8 (0.1–5.2) 

5.5 (2.3–9.8) 
0.002** 130 2.0 (0.5–5.9) 

4.9 (2.3–8.0) 
179 

75 

0.7 (0.1–5.9) 

6.2 (2.6–10.6) 
0.203 

0.058 0.973 63 

723.0 (637.0–825.0) 176 708.5 (612.0–820.5) 0.293 128 722.5 (647.0–829.0) 175 701.0 (610.5–817.8) 0.054 

SDNN, ms 
RMSSD, ms 
LF, Hz 
HF, Hz 

LF/HF ratio, Hz 

128 
128 
128 
128 
128 

29.8 (21.5–44.9) 
22.0 (13.9–35.6) 
0.09 (0.06–0.10) 
0.17 (0.16–0.22) 
2.9 (1.6–5.1) 

176 
176 
176 
176 
176 

33.2 (20.4–48.1) 
22.9 (13.8–40.2) 
0.09 (0.07–0.11) 
0.18 (0.16–0.22) 
2.8 (1.7–5.4) 

0.450 
0.897 
0.041* 
0.664 
0.688 

128 
128 
128 
128 
128 

35.0 (23.9–49.6) 
27.2 (16.2–41.8) 
0.09 (0.07–0.10) 
0.18 (0.16–0.21) 
2.6 (1.5–4.5) 

175 
175 
175 
175 
175 

29.4 (19.0–43.5) 
21.2 (12.3–35.0) 
0.09 (0.07–0.11) 
0.18 (0.16–0.22) 
2.9 (1.8–5.4) 

0.006** 
0.004** 
0.489 
0.336 
0.075 

*Indicates statistical significance <0.05. 

**Indicates statistical significance <0.01. 
aThe ASCVD risk score calculated for firefighters older than 40 years, only. 

X,̃median; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; HF, high frequency; LDL-

C, low-density lipoprotein; LF, low frequency; LF/HF, low- and high-frequency ratio; NFBG, nonfasting blood glucose; p25th–p75th, 25th percentile to 75th percentile; RMSSD, root-

mean-square of successive differences; SBP, systolic blood pressure; SDNN, standard deviation of all normal-to-normal; TC, total cholesterol; TLIPAM, total low-intensity physical activity 

minutes; TMIPAM, total moderate-intensity physical activity minutes; TVIPAM, total vigorous-intensity physical activity minutes; TWMETM, total weekly metabolic equivalent minute; 

WC, waist circumference. 

and RMSSD increased the odds of MSD by a factor of 1.02 ( 
P = 0.010) and 1.01 ( P = 0.008), respectively. In the multivariable 
analyses, after adjustment for age, sex and BMI, for every 1-unit in- 
crease in TC and LDL-C, the odds of MSD increased by a factor of 
1.22 ( P = 0.044) and 1.32 ( P = 0.018), respectively, and after adjust- 
ment for years of experience, sex and BMI, every 1-unit increase in 
LDL-C, the odds of MSD increased by a factor of 1.03 ( P = 0.028). 
Similarly, after adjustment for age, sex, and BMI, the odds of MSD in- 
creased by a factor of 1.02 ( P = 0.002) and 1.02 ( P = 0.002), for every 
1-unit increase in SDNN and RMSSD, respectively, and after adjust- 
ment for years of experience, sex, and BMI, every 1 unit increase in 
SDNN and RMSSD increased the odds of MSD by a factor of 1.02 
( P = 0.001) and 1.02 ( P = 0.001), respectively. 

aging and obesity were significantly related to an increase in injuries 
in firefighters.10,11,13,15 This may be due to the progressive deterioration 
in connective tissue health, which may also be related to a reduction in 
physical activity levels commonly seen in older firefighters.10,13,43 In 
addition, it is likely that older firefighters are more physically inactive24 
and thus have a lower cardiorespiratory fitness level,23,24 predisposing 
them to injury.18 This may, somewhat, explain why more physically 
active firefighters were associated with lower of MSIs in firefighters 
in previous studies.10,12,44 

The results indicated that both TC and LDL-C were associated 
with an increase in reporting of MSIs and MSD and that hypertriglyc- 
eridemia was associated with reporting of MSIs, only. This positive as- 
sociation between lipid profiles and MSIs is supported by a systematic 
review conducted by Tilley et al.20 who reported that an increase in 
TC and LDL-C was related to an increase in the likelihood of reported 
tendon pathologies.20 The study suggested that tendons respond simi- 
larly to arteries regarding their metabolic environments and, as such, 
are prone to atherosclerotic lesion development due to shear and com- 
pression forces, precipitating cholesterol and fatty acid deposition and 
plaque build-up.20 This, in turn, predisposes the area to injuries, such 
as sudden tendon rupture.19,20 In addition, Tilley et al.20 noted that 

DISCUSSION 

The aim of this study was to determine the association between 
CVH and MSH in firefighters. The results indicated an increase in the 
odds of firefighters reporting MSIs among those with prevalent CVD 
risk factors and poor health metrics, particularly related to aging, obe- 
sity, hypertension, and dyslipidemia. Previous studies indicated that 

e500 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 
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TABLE 3. Association between CVH and Musculoskeletal Injuries in Firefighters 

Univariable Modelsa Multivariable Modelsb 

Model 2c Model 3d Model 1 

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

−0.341 

1.03 (1.01–1.06) 
2.19 (1.06–4.53) 

1.04 (1.02–1.06) 

Intercept (null model) 
General characteristics e 

Age, y 
Sex (females) 
Years of experience, y 

CVH  parameterse 
BMI,   kg·m−2f 
Waist circumference, cmf 
BF%, %f 
SBP, mm Hg 
DBP, mm Hg 
NFBG, mmol·L−1 
TC, mmol·L−1 
LDL-C, mmol·L−1 

HDL, mmol·L−1 
Triglycerides, mmol·L−1 
Diet score 
Framingham risk score 
Weekly MET minutes 

Heart rate variability e 
Heart rate variability, ms 
SDNN, ms 
RMSSD, ms 
LF, Hz 
HF, Hz 
LF/HF ratio, Hz 

CVD risk factors and CV health metricsg 
Age 
Obesityf 
Central obesityf 
High BF%f 
Hypertension 
Diabetes 
Dyslipidemia 
High LDL-C 
High HDL-C 

Hypertriglyceridemia 
Physical inactivity 
Cigarette smoking 
Diet 
Family history 
Poor CVH index 
Good CVH index 

0.004** 
0.033* 

<0.001** 

— 

2.11 (0.99–4.47) 

1.04 (0.99–1.09) 

— 

0.051 
0.100 

0.99 (0.94–1.04) 
2.30 (1.08–4.90) 

— 

0.538 
0.031* 

— 

1.09 (1.04–1.15) 
1.03 (1.01–1.04) 
1.05 (1.02–1.07) 
1.01 (0.99–1.03) 
1.03 (1.01–1.05) 
1.01 (0.86–1.18) 
1.28 (1.07–1.54) 
1.23 (0.99–1.53) 
1.14 (0.63–2.05) 
1.21 (0.98–1.49) 
1.01 (0.91–1.13) 
1.27 (1.06–1.53) 
0.69 (0.39–1.21) 

<0.001** 
0.006** 

<0.001** 
0.067 
0.003** 
0.941 
0.009** 
0.056 
0.676 
0.077 
0.841 
0.011* 
0.197 

1.07 (1.02–1.13) 
1.02 (0.99–1.04) 
1.03 (1.00–1.06) 

— 

1.02 (0.99–1.04) 
— 

1.18 (0.97–1.44) 
— 

— 

— 

— 

1.05 (0.97–1.13) 
— 

0.012* 
0.090 
0.046* 

— 

0.125 
— 

0.094 
— 

— 

— 

— 

0.238 
— 

1.07 (1.01–1.13) 
0.99 (0.95–1.03) 
1.03 (1.00–1.06) 

— 

1.02 (0.99–1.04) 
— 

1.17 (0.96–1.42) 
— 

— 

— 

— 

1.03 (0.96–1.10) 
— 

0.023* 
0.532 
0.030 

— 

0.135 
— 

0.119 
— 

— 

— 

— 

0.446 
— 

1.00 (0.99–1.00) 
0.99 (0.99–1.01) 
1.00 (0.99–1.01) 
0.00 (0.00–1.47) 
0.50 (0.01–19.49) 

0.99 (0.94–1.04) 

0.421 
0.512 
1.000 
0.061 
0.714 

0.694 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0.71 (0.44–1.17) 
1.84 (1.11–3.04) 
1.45 (0.92–2.28) 
1.95 (1.17–3.23) 
1.64 (1.04–2.59) 
1.09 (0.39–3.03) 
1.98 (1.23–3.18) 
1.56 (0.94–2.57) 
0.85 (0.49–1.49) 
1.81 (1.14–2.88) 
1.29 (0.79–2.08) 
1.13 (0.71–1.82) 
1.14 (0.68–1.89) 
1.68 (0.96–2.95) 
1.62 (1.00–2.62) 

0.41 (0.18–0.95) 

0.179 
0.018* 
0.112 
0.010* 
0.034* 
0.855 
0.005** 
0.085 
0.569 
0.013* 
0.299 
0.608 
0.615 
0.068 
0.049* 
0.037* 

— 

0.67 (0.29–1.54) 
— 

1.02 (0.52–1.00) 
1.01 (0.99–1.03) 

— 

1.56 (0.93–2.59) 
— 

— 

1.62 (0.97–2.69) 
— 

— 

— 

— 

1.26 (0.75–2.14) 

0.45 (0.17–1.19) 

— 

0.343 
— 

0.953 
0.320 

— 

0.091 
— 

— 

0.063 
— 

— 

— 

— 

0.383 
0.108 

— 

0.67 (0.29–1.56) 
— 

1.02 (0.52–1.99) 
1.01 (0.99–1.03) 

— 

1.49 (0.89–2.49) 
— 

— 

1.61 (0.97–2.68) 
— 

— 

— 

— 

1.25 (0.74–2.13) 

0.44 (0.16–1.15) 

— 

0.358 
— 

0.964 
0.340 

— 

0.126 
— 

— 

0.067 
— 

— 

— 

— 

0.403 
0.093 

*Indicates statistical significance <0.05. 

**Indicates statistical significance <0.01. 
aUnivariable models using binary logistic regression. 
bEvidence-based explanatory variables reported to be significantly related to musculoskeletal injuries were entered into the same multivariable model. 
cCovariates: age, sex, BMI. 
dCovariates: years of experience, sex, BMI. 
eContinuous variables. 
fBody mass index removed from model. 
gDichotomous    categorical    variables    indicating    positive    CVD   risk   factors    and    poor    CVH   metrics. 

BF%, body fat percentage; BMI, body mass index; CI, confidence interval; CVH, cardiovascular health; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; HF, 

high frequency; LDL-C, low-density lipoprotein cholesterol; LF, low frequency; LF/HF, low- and high-frequency ratio; MET, metabolic equivalents; NFBG, nonfasting blood glucose; OR, 

odds ratio; RMSSD, root mean square of successive differences; SBP, systolic blood pressure; SDNN, standard deviation of all normal-to-normal; TC, total cholesterol. 

participants with an altered lipid profile reported more MSD than 
those with normal lipid profiles. In the present study, firefighters used 
statins as a treatment for their dyslipidemia, which has been associated 
with increased symptoms of MSD and pain,17 providing an additional 
explanation for the association between dyslipidemia and MSD seen 
in the present study. A study by Squier et al.19 noted that hypercholes- 
teremia altered Achilles tendon biomechanics and increased the risk 

for injuries, due to abnormal loading. Altered force distribution, par- 
ticularly in firefighters who are often required to move in awkward po- 
sitions,45,46 may predispose them to injury. Moreover, altered force 
distribution in tendons may also predispose firefighters to pain and 
discomfort due to the uneven loading. 

Arteries and tendons have a similar collagen makeup,19,20 and 
because of this, it is likely that other major CVD risk factors may have 

e501 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 
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TABLE 4. Association between CVH and Musculoskeletal Discomfort in Firefighters 

Univariable Modelsa Multivariable Modelsb 

Model 2c Model 3d Model 1 

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

−0.326 

1.01 (0.98–1.03) 
1.64 (0.80–3.35) 

1.01 (0.99–1.03) 

Intercept (null model) 
General characteristicse 

Age, y 
Sex (females) 
Years of experience 

CVH parameterse 
BMI,   kg·m−2 
Waist circumference, cm 
Body fat percentage (%) 
SBP, mm Hg 

DBP, mm Hg 
NFBG, mmol·L−1 
TC, mmol·L−1 c 
LDL-C, mmol·L−1 c 
HDL-C, mmol·L−1 

Triglycerides, mmol·L−1 
Diet score 
Framingham risk score 
Weekly MET minutes 

Heart rate variabilitye 
Heart rate variability 
SDNN c 
RMSSD c 
LF 
HF 

0.666 
0.177 
0.290 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1.03 (0.98–1.08) 
1.00 (0.99–1.02) 
1.02 (0.99–1.05) 
1.01 (0.99–1.03) 
1.01 (0.99–1.03) 
0.89 (0.76–1.06) 
1.22 (1.02–1.46) 
1.32 (1.06–1.64) 
1.08 (0.59–1.94) 
0.90 (0.74–1.11) 
1.05 (0.94–1.17) 
1.03 (0.99–1.08) 
0.64 (0.36–1.12) 

0.280 
0.657 
0.084 
0.184 
0.603 
0.193 
0.034* 
0.014* 
0.810 
0.339 
0.382 
0.141 
0.121 

— 

— 

— 

— 

— 

— 

1.22 (1.01–1.48) 
1.32 (1.05–1.66) 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0.044* 
0.018* 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1.19 (0.99–1.44) 
1.03 (1.03–1.62) 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0.070 
0.028* 

— 

— 

— 

— 

— 

1.00 (1.00–1.00) 
1.02 (1.00–1.03) 
1.01 (1.00–1.02) 
0.06 (0.00–437.13) 
0.08 (0.00–3.24) 

0.071 
0.010* 
0.008** 
0.534 
0.182 

0.077 

— 

1.02 (1.01–1.03) 
1.02 (1.01–1.03) 

— 

— 

— 

— 

0.002** 
0.002** 

— 

— 

— 

— 

1.02 (1.01–1.03) 
1.02 (1.01–1.03) 

— 

— 

— 

— 

0.001** 
0.001** 

— 

— 

— LF/HF ratio 0.95 (0.90–1.01) 
CVD risk factors and CV health metricsf 

Age 
Obesity 
Central obesity 
High BF% 
Hypertension 
Diabetes 
Dyslipidemia 
High LDL-C 
Low HDL-C 

Hypertriglyceridemia 
Physical inactivity 
Cigarette smoking 
Diet 
Family history 
Poor CVH index 
Good CVH index 

0.87 (0.53–1.43) 
1.13 (0.68–1.86) 
1.12 (0.71–1.76) 
1.47 (0.89–2.44) 
1.14 (0.72–1.79) 
0.44 (0.14–1.40) 

0.593 
0.640 
0.627 
0.132 
0.577 
0.166 
0.215 
0.275 
0.189 
0.160 
0.584 
0.271 
0.241 
0.957 
0.177 
0.398 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1.35 (0.84–2.16) 
1.32 (0.80–2.19) 
1.45 (0.83–2.50) 
1.39 (0.88–2.21) 
1.14 (0.71–1.83) 
1.30 (0.81–2.09) 
0.73 (0.44–1.23) 
1.02 (0.59–1.75) 
1.39 (0.86–2.25) 

0.73 (0.35–1.53) 

*Indicates statistical significance <0.05. 

**Indicates statistical significance <0.01. 
aUnivariable models using binary logistic regression. 
bEvidence-based explanatory variables reported to be significantly related to musculoskeletal discomfort were entered into the same multivariable model. 
cCovariates: age, sex, BMI. 
dCovariates: years of experience, sex, BMI. 
eContinuous variables. 
fDichotomous categorical variables indicating positive CVD risk factors and poor cardiovascular health metrics. 

BF%, body fat percentage; BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; CVH, cardiovascular health; DBP, diastolic blood pressure; HDL-C, 

high-density lipoprotein cholesterol; HF, high frequency; LDL-C, low-density lipoprotein cholesterol; LF, low frequency; LF/HF, low- and high-frequency ratio; MET, metabolic equivalents; 

NFBG, nonfasting blood glucose; OR, odds ratio; RMSSD, root-mean-square of successive differences; SBP, systolic blood pressure; SDNN, standard deviation of all normal-to-normal; TC, 

total cholesterol. 

a similar effect on the progressive development of atherosclerotic 
plaque within tendons.47 This may provide a hypothetical explanation 
for DBP increasing the likelihood of MSIs in firefighters, as blood 
pressure is a significant factor in the development of atherosclerotic 
plaque in arteries.48,49 The results of the present study indicated that 
the Framingham risk score and poor CVHI increased the odds of MSIs 
by 27% and 62%, respectively. As these risk scores are predictive of 

risk for atherosclerotic diseases, this relationship may help explain 
the association between these measures and MSIs.17,19,20,50 Moreover, 
several factors included in the Framingham risk score and CVHI were 
independently associated with an increased likelihood of injury in the 
current results, making the cumulative CVD risk scores association 
with MSIs unsurprising. In addition, a good CVHI reduced the odds 
of MSIs by 41% in firefighters. Healthier and younger firefighters 

e502 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 
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may, overall, have better cardiovascular and musculoskeletal health, 
likely reducing the likelihood of injury, which has been noted in pre- 
vious studies.11–13 

An augmenting factor to the reporting of MSIs and MSDs may 
be BMI and BF%, as previous studies have shown that heavier fire- 
fighters are particularly susceptible to lower limb injuries,11,12 and 
may be a result of the combination of the factors (age, TC, LDL-C, tri- 
glycerides) noted in the present study. The increase in nonfunctional 
mass, commonly seen in obese firefighters, may add additional strain 
to already susceptible tendons, exacerbating the risk for sudden tendon 
ruptures considerably.11–13 In addition, firefighters who are physically 
inactive, and are required to perform physically strenuous duties, par- 
ticularly those that are obese with underlying cholesterol issues, may 
be especially susceptible to sudden tendon sprain.11–13 

We found that increased SDNN and RMSSD were associated 
with an increased likelihood of MSD in firefighters. Chuang et al.22 
noted that a direct relationship between musculoskeletal pain and 
SDNN and RMSSD existed, where a decreased in MSD caused a sub- 
sequent increase in SDNN and RMSSD. However, the current results 
are in contrast to Chuang et al.,22 where it was found as MSD decreased, 
SDNN and RMSSD decreased and, in particular, those participants 
that reported high levels of MSD. Measures of HRV have been re- 
ported to be closely linked to various physiological processes, such 
as stress and discomfort, in firefighters.41,51–53 Most importantly, 
HRV, particularly SDNN and RMSSD, have been related to autonomic 
disturbance and inflammatory responses, similar to those related to 
musculoskeletal pain and discomfort.21,22 The conflicting results in 
the current study compared with the findings of Chuang et al.22 may 
be related to firefighters that experienced MSD being more vigorously 
physically active than firefighters without discomfort (360 vs 
320 minutes) and the additional physical activity causing chronic in- 
flammation due to the higher workloads; however, this is only specula- 
tion. The current results indicated that TC, LDL-C, SDNN, and 
RMSSD remained significantly associated with MSD after adjustment 
for covariates. Another possible explanation would be that high 
LDL-C is a source of oxidative stress within the tendons.20,22 The oxida- 
tive stress, accompanied by inflammation, may present as a reduction in 
HRV, which is supported by studies that showed reduced symptoms of 
musculoskeletal pain and discomfort were associated with increased 
HRV measures, such as N-N intervals, RMSSD, and SDNN.21,22 The re- 
sults of the present study showed that firefighters that were never injured 
were the most vigorously active (360 vs 240 minutes), but also reported 
the highest musculoskeletal discomfort. Perhaps, firefighters experi- 
enced more discomfort due to their higher levels of vigorous activity, 
which may have been fitter, but also had higher levels of TC and 
LDL-C concentrations, which has been shown to increase inflamma- 
tion and pain.17,22 Moreover, studies have shown that HRV was linked 
to overtraining and overuse, providing a potential link between HRV 

mass predisposed males to injury, whereas a higher fat mass predisposed 
females to injury.50 The current results indicated that a significant differ- 
ence existed between male and female BF%, which could, possibly, ex- 
plain the association between sex and injuries seen in the current study. 
In addition, generally, males having more muscle mass, a higher bone 
mineral density, and relatively stronger connective tissues59,60 which 
could further explain why females were more likely to report an MSI. 
Studies have shown that firefighting PPE has been designed to fit male 
firefighters more comfortably than female firefighters, likely contribut- 
ing to the higher injury incidence in female firefighters.61,62 More- 
over, because of discrimination in the fire services, female firefighters 
may be less likely to ask male firefighters for assistance on physically 
strenuous tasks increasing the probability of injury in females.61 

Age and years of experience were significantly associated with 
injuries in firefighters, where every 1-year increase in experience in- 
creased the likelihood of injury by 3% and 4%, and approached statis- 
tical significance in the adjusted models. However, after adjustment, 
significance was removed. This was consistent with previous literature, 
where both aging and years of experience were significantly associated 
with firefighters sustaining MSIs.10,13,43 Firefighting is a strenuous oc- 
cupation that places significant strain on the musculoskeletal system.10,63 
Compounded with age increasing along with experience, firefighters 
become significantly predisposed to MSIs. Moreover, aging, indepen- 
dently, causes physiological changes that reduce MSH12,13 and as a re- 
sult of the attrition in MSH associated with increasing years as a fire- 
fighter,12,13,27 predisposes this population to injury. Previous studies 
have noted that with the normal wear and tear of firefighting, older 
firefighters, generally, would have a higher risk of injury, likely as a 
result of the increase in years of service.10,13,43 

Strengths and Limitations 

Strengths of the present study include the application of multi- 
level modeling to account for the hierarchical nature of the data and 
the use of objective measures for the CVH components and all tools 
used were reliable and valid. In addition, this article adds novel infor- 
mation into an area, which has been understudied in firefighters. There 
are, however, several limitations to the present study. First, this study 
used a cross-sectional design, which precludes the inference of causal 
relationships. Second, MSIs and MSD were self-reported. Thirdly, fe- 
male firefighters were underrepresented, limiting the generalizability 
to the female firefighter population. Finally, although the study met 
the minimum required sample size, the number of comparisons made 
may introduce chance findings. 

CONCLUSIONS 

Multiple CVD risk factors and CVH metrics were associated 
with MSIs and MSD in firefighters. Musculoskeletal injuries were 
significantly higher in aged, obese, hypertensive, and dyslipidemic 
firefighters. In addition, MSD was significantly higher in fire- 
fighters with high TC, LDL-C, SDNN, and RMSSD. Thus, older 
female firefighters with a higher BF% are most likely to have ever 
sustained a musculoskeletal line-of-duty injury. In addition, those 
with elevated blood lipid levels are most likely to have musculo- 
skeletal discomfort. Our results add to the limited research in this 
topic area, particularly on the potential relationships that exist be- 
tween CVH, and musculoskeletal health in firefighters. The results 
of this study add novel information on the associations between 
CVH and MSH in firefighters, specifically the association between 
MSIs and MSD and blood lipid and HRV irregularities, providing 
new insights into risk factors for MSIs in this population. Maintain- 
ing one’s CVH may have an added benefit of maintaining MSH in 
firefighters and that commonly obtained health metrics may pro- 
vide valuable insight into who is most at risk for MSI and MSD. 
Therefore, maintenance of an ideal body composition and blood 
lipid profile is recommended, particularly as firefighters age, as it 

MSH,54,55 and particularly in the firefighter population, which is 
known to be a physically demanding profession. In this current study, 
higher levels of vigorous weekly physical activity had a protective ef- 
fect on the prevalence of MSIs of firefighters, which is not unex- 
pected, given the protective effect of physical activity on musculoskel- 
etal health, which is well documented in firefighters.5,29 This is in con- 
trast to a previous study in this population, which noted higher weekly 
physical activity was related to an increase in MSIs.56 Nevertheless, 
physical activity has been reported to be a central factor in reducing 
the incidence of MSIs and MSDs alike in firefighters.18,44,57 

In the current study, sex was significantly associated with fire- 
fighters reporting MSIs, where female firefighters were 2.1 times as 
likely to report an MSI compared with male firefighters. Nazari et al.43 
reported that females were 1.6 times more likely to sustain two or more 
injuries, compared with male firefighters. Similarly, a study by 
O’Leary et al.58 noted that in military, personal females were at higher 
risk for musculoskeletal injury compared with males, particularly re- 
lated to the lower limbs. A recent study noted that reduced lean body 

e503 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 
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may have a positive and long-term benefit in maintaining the well-being 
and ensuring career longevity in firefighters. 

Recommendations 

Future studies should use a longitudinal study design to estab- 
lish the causal factors related to MSIs and MSD in firefighters. A more 
representative sample of female firefighters should be included to in- 
crease the generalizability to the female firefighter population. 
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Abstract: Firefighters perform strenuous work in dangerous and unpredictable environments requir- 

ing optimal physical conditioning. The aim of this study was to investigate the association between 

physical fitness and cardiovascular health (CVH) in firefighters. This cross-sectional study systemati- 

cally recruited 309 full-time male and female firefighters between the ages of 20 to 65 years in Cape 

Town, South Africa. Physical fitness was assessed using absolute (abV˙ O2max) and relative oxygen con- 

sumption (relVO2max), grip and leg strength, push-ups and sit-ups, sit-and-reach for flexibility and 

lean body mass (LBM). CVH encompassed age, smoking, blood pressure (BP), blood glucose, lipid 

profile, body mass index, body fat percentage (BF%), and waist circumference. Linear regressions 

and logistic regressions were applied. Multivariable analysis indicated that relVO2max was associated 

with systolic BP (p < 0.001), diastolic BP (p < 0.001), non-fasting blood glucose (p < 0.001), and total 

cholesterol (p = 0.037). Poor CVH index was negatively associated with relV˙ O2max (p < 0.001), leg 

strength (p = 0.019), and push-ups (p = 0.012). Furthermore, age was inversely associated with 

V˙ O2max (p < 0.001), push-up and sit-up capacity (p < 0.001), and sit-and-reach (p < 0.001). BF% was 

negatively associated with abV˙ O2max (p < 0.001), grip and leg strength (p < 0.001), push-ups 

(p = 0.008), sit-ups (p < 0.001), and LBM (p < 0.001). Cardiorespiratory fitness, muscular strength, and 

muscular endurance were significantly associated with a better overall CVH profile. 
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1. Introduction 

Firefighters routinely perform strenuous work in dangerous and unpredictable en- 
vironments [1,2]. This requires firefighters to wear heavy, insulated personal protective 
equipment (PPE) that places additional strain on their bodies [2–4]. This necessitates that 
firefighters maintain all aspects of their physical fitness to cope with such stressors. Re- 

search has shown that in the first three minutes before the arrival to an alarm response, 
energy output increases by 400 to 600% [5]. While performing their duties, firefighters 

rapidly reach near-maximum heart rates and are, often, required to sustain these levels for 
prolonged periods of time [6,7]. 

It is well documented that close to 50% of all firefighting-related deaths are attributed 

to underlying CVD risk factors, with the majority of these deaths occurring during or 
shortly after fire suppression [8]. It has also been shown that there is an increase of up to 

Copyright: © 2023 by the authors. 
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20.9% in metabolic rate while firefighters wear PPE [9]. Several firefighting tasks average 

an oxygen consumption (V˙ O2) of 26.1 to 30.4 mL·kg·min, with the most strenuous tasks 

requiring an average of 44.0 mL·kg·min [10]. Firefighters were reported to spend the least 

time on fire suppression and fireground activities [11], but these duties resulted in the 

highest energy requirement and highest incidence of cardiovascular incidents [1]. Research 

suggests that firefighters should maintain a cardiorespiratory fitness level of 42 mL·kg·min 

to manage these job stressors adequately [12]. The metabolic demands of firefighting 

highlight the need for firefighters to maintain an adequate level of physical fitness in order 

to perform their duties aptly [9,10]. Many firefighting tasks require firefighters to perform 

multiple forceful repetitions and/or maintain strong isometric contractions, such as during 

forcible entry, equipment carries, equipment hoist and hose drag [13–15]. Moreover, the 

higher the force produced by firefighters, the more efficiently firefighters can perform their 

duties [13–15]. Generally, more fit and stronger firefighters would participate in regular 

physical activity, which is crucial in maintaining adequate levels of physical fitness, which 

is particularly important as firefighters age [2,16,17]. It has been documented that 

firefighters are aware of the necessity of maintaining adequate levels of physical fitness 

and the benefit of remaining physically active [18,19]. However, many firefighters reported 

developing poor attitudes toward their health, particularly as they age and remained 

longer in the profession [20,21]. Ageing has also been related to a progressive decrease in 

cardiorespiratory fitness, muscular strength and endurance in firefighters [22–25]. In 

addition, ageing has been related to the gradual decrease in CVH [26–28], making this 

population particularly vulnerable when performing fire and rescue operations. 
The association between physical fitness and CVH is bidirectional, where physical 

fitness influences CVH and vice versa [7,29–33]. Firefighters that are fitter and stronger 
with higher muscular strength were found to have a more favourable body composition, 
and better overall CVH profile [30–32,34]. Most studies on firefighters have been conducted 

in the United States, Canada, Europe and Australia [35]. However, this association has not 
been studied among firefighters on the African continent. Previous studies have shown that 

firefighters, in South Africa, have a high prevalence of CVD risk factors, particularly those 
related to obesity, hypertension and physical inactivity [18,26,36], with this population 

having a poor attitude toward physical activity and physical fitness [18,20]. This suggests 
that this population likely have a poor level of physical fitness and CVH compared to other 
firefighting populations previously mentioned, which, generally, had a, comparatively, 

healthier firefighting population [28,31,37]. However, more research is needed assessing 
the CVH of firefighters in South Africa, where very little research exists. In addition, 

because the population of firefighters where the association between physical fitness and 
CVH had been assessed were, generally, healthier, it is expected that the current study 
may provide unique outcomes in comparison. The absence of research on the African 

firefighter population likely contributes toward the paucity of policy regulations compared 
to the aforementioned nations, particularly on firefighters maintaining minimum physical 

fitness and cardiovascular health standards aimed at ensuring the physical well-being of 
firefighters. There have not been any previous studies investigating the association between 

measures of physical fitness and CVH, and the literature contains little information about 
CVH index (CVHI) in firefighters. In addition, the findings of this study will highlight the 
importance of physical fitness in maintaining CVH and vice versa in firefighters. Therefore, 

the aim of this study was to investigate the association between physical fitness and CVH 
in firefighters in South Africa. 

2. Materials and Methods 

2.1. Study Design and Population 

In this study, we used a quantitative, non-experimental, cross-sectional research design 

by collecting data on physical fitness (cardiorespiratory fitness, muscular strength and 
endurance, flexibility, and body composition), CVH [cardiovascular disease (CVD) risk 

factors, CVD risk score, heart rate variability (HRV), and CVH index (CVHI)] in firefighters. 

 

 

http://etd.uwc.ac.za/



P a g e  | 179 

 

Int. J. Environ. Res. Public Health 2023, 20, 5930 3 of 23 

This study was implemented between June and August 2022. Each volunteer participant 
provided written informed consent. In total, 309 full-time male and female firefighters 
between the ages of 20 to 65 years from the CoCTFRS participated in this study. Ethical 

approval was granted by the Biomedical Research Ethics Committee (ethical clearance 
number: BM21/10/9) of the University of the Western Cape. Approval was also granted 
by the Chief Fire Officer as well as the Department of Policy and Strategy research branch 

of the City of Cape Town. 

2.2. Sampling and Participant Recruitment 

Data collection took place during the annual physical fitness assessment conducted by 
the CoCTFRS at a standardised fire station located in the City of Cape Town metropolitan 

area. Systematic random sampling was used to select firefighters to participate in this study, 
where every third firefighter was selected to participate from 96 platoons (32 fire stations). 

Each of the 96 platoons consisted of 8 to 12 firefighters. All full-time firefighters between 
the age range of 20–65 years were recruited to participate. Firefighters were excluded from 
participation if they were on administration duty, on sick leave, employed on a part-time or 

seasonal basis, and did not participate in the physical ability test (PAT) on the day of testing. 

2.3. Descriptive Measures 

Data were collected using a researcher-generated questionnaire retrieving information 
on firefighters’ sociodemographic and lifestyle information. Descriptive measures were 

objectively measured by trained researchers [38] and included height, weight, body fat 
percentage (BF%), lean body mass (LBM), blood pressure, non-fasting blood glucose (NFBG) 

concentration, blood cholesterol concentrations, and heart rate variability (HRV). 
Briefly, for stature, firefighters were asked to stand barefoot on the level stadiometer 

base, with the heels together and the heels, buttocks, and upper back touching the stadiome- 
ter rod of a portable stadiometer (Seca model 700, Gmbh & Co., Hamburg, Germany). Body 
mass, body fat percentage and lean body mass were obtained using a Tanita© (Tanita©, 
Tokyo, Japan) BC-1000 Plus bioelectrical impedance (BIA) analyser. When taking body 
mass and BF%, firefighters were requested to wear minimal clothing and to stand barefoot, 
upright, with feet apart. Waist circumference was measured at the point of the belly but- 
ton [39]. Hip circumference was taken at the level of the greatest posterior protuberance of 
the buttocks [39]. Blood pressure was taken thrice using an Omron Healthcare, Inc. M6 
comfort intelligence (Omron Healthcare Co., Ltd., Hoofddorp, The Netherlands) automatic 
blood pressure monitor, with at least two-minute intervals between measures. Blood mea- 

sures were measured using a CardioChek® Plus analyser (PTS Diagnostics, Indiana, IN, 
USA), using the finger prick method and a standard pipet. A detailed explanation of the 
methods used to conduct each test and the cut-offs for each CVD risk factor can be found 
at Ras et al. [38] (https://doi.org/10.3390/ejihpe12110120, accessed on 10 February 2023). 

2.4. Physical Fitness Measures 

2.4.1. Cardiorespiratory Fitness 

Due to concerns about the possibility that a maximum exercise stress test would cause 
undue fatigue in firefighters, who were also required to return to shift after testing and 
perform firefighting duties, cardiorespiratory fitness was estimated using the non-exercise 

method via the following formula: V˙ O2max = 3.542 + (−0.014 × Age) + (0.015 × Body Mass 
[kg]) + (−0.011 × Resting Heart Rate) [40]. Two measures were used for cardiorespiratory 

fitness, namely absolute V˙ O2max (abV˙ O2max) and relative V˙ O2max (relV˙ O2max). 

2.4.2. Handgrip Strength 

Using a Takei®5401-C handgrip dynamometer, handgrip strength was used to assess 

upper body muscular strength using the standardized procedures recommended by the 
American College of Sports Medicine (ACSM) [39]. To ensure that the second phalangeal 

joint fits comfortably under the handle. To ensure consistency, firefighters were requested 
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to hold the handgrip dynamometer in line with the forearm and the level of the thigh and 
away from the body. If firefighters flexed their elbow joint or moved the dynamometer 
significantly from the starting position, the firefighter was asked to repeat the measure. The 
dynamometer was set to zero, and, thereafter, firefighters were asked to squeeze with as 
much force as possible without holding their breath. The procedure was repeated twice, 
and the highest reading of the two measures was recorded. Manufacturer accuracy for the 

handgrip is ±2.0 kg force (kgf). 

2.4.3. Leg Strength Dynamometer 

Leg strength was measured with a Takei® back and leg strength dynamometer. Fire- 

fighters were requested to remain upright, with their feet placed shoulder width apart, on 
the base of the dynamometers. With their palms in the prone position, firefighters were 
requested to maintain an extended position in their elbow joints while their hands grasped 

the dynamometer hand bar. The chain was adjusted to the midpoint of the patella tendon 
to ensure that each firefighter’s knees were in approximately 110 degrees of flexion. The 

firefighters were instructed to pull as forcefully as possible on the chain while attempting 
to straighten their knees. The procedure was repeated twice, and the highest reading of 

the two was recorded. Manufacturer accuracy for the back and leg strength dynamometer 

were ±6.0 kgf, respectively. 

2.4.4. Push-Ups 

Upper body muscular endurance was assessed using the push-ups test [39] and 

conducted in accordance with the ACSM guidelines [39]. Males were requested to position 
themselves in the standard prone position, with their hands positioned under the shoulder 

joint, back in a straight position and level position, in line with the head and their toes 
serving as the pivotal point. Females were requested to perform the modified push-up 
position, with their hands positioned under the shoulder joint, back straight and in line 

with the head, legs together, with their lower leg in contact with the mat, ankles placed in 
a planter-flexed position, and their knees acting as the pivotal point. For each repetition, 

firefighters were required to fully raise their body off the mat extending their elbow joints 
and returning to the down position. A hedgehog was placed under the chest of firefighters 
to maintain consistency when counting each repetition. The test was stopped when 

firefighters could not perform an additional push-up or two consecutive push-ups were 
performed incorrectly. 

2.4.5. Sit-Ups 

The sit-ups test was used to assess abdominal muscular endurance [39]. The fire- 
fighters were requested to lie down in a supine position on the mat with their knees at 90 
degrees flexion, with their hands across the shoulders and elbows pointing forward [41]. For 

each repetition, firefighters were required to touch their knees with their elbows and then 
go back to the starting position, ensuring their shoulders touch the floor. The number of 

repetitions performed in 60 s was recorded. The test ended when one minute had passed or 
the firefighters’ experienced exhaustion, which presented as the inability to perform 

another repetition [40]. 

2.4.6. Flexibility 

To assess lower back and hamstring flexibility, the sit-and-reach method was used 

and conducted in accordance with the guidelines recommended by the ACSM [39]. The 
firefighters were asked to position themselves in a seated position, barefoot, with their 
knees completely extended and the soles of their feet in contact with the sit-and-reach box 

roughly 15.2 cm apart. Each firefighter was asked to inhale and, when exhaling, to drop the 
head between the arms and slowly reach as far forward as possible, holding the stretched 

position for approximately two seconds. Firefighters were given three attempts; the most 
distant point reached with the fingertips was recorded. 
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2.5. Cardiovascular Health Parameters 

In this current study, CVH was used as an umbrella term and was investigated using 

several approaches. These approaches included three main subcomponents, namely, CVD 
risk factors, CVH metrics, and HRV. The subcomponents of CVD risk factors and CVH 

metrics included some overlapping variables. The CVD risk factors and CVH metrics 
included age, body mass index (BMI), waist circumference (WC), body fat percentage 

(BF%), systolic blood pressure (SBP), diastolic blood pressure (DBP), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 
triglycerides, non-fasting blood glucose (NFBG), physical activity, and diet. 

2.5.1. Cardiovascular Health Metrics 

The American Heart Association (AHA) used these seven CVH metrics to classify 
individuals as having a good index for cardiovascular health or a poor index. The CVHI 

was inversely related to all-cause mortality and cardiovascular events [41]. For this study, 
CVHI was classified as “poor” if two or fewer CVH metrics were classified as ideal and 
classified as “good” if firefighters had five to seven metrics rated ideal [41]. Firefighters 

with 3 to 4 metrics that were classified as ideal were categorized as having an intermediate 
CVHI. The metrics used for the CVHI included BMI, blood pressure, TC, NFBG, physical 

activity, cigarette smoking and diet. These factors had the same cut-off values as the CVD 
risk factors previously described [42,43]. 

Good BMI was classified as a BMI ≤ 24.9 kg·m−2, intermediate if BMI was between 

25.0 and 29.9 kg·m−2 (overweight) and poor if ≥30 kg·m−2 (obese) [39,43,44]. Obesity 

was further classified as class I if BMI was between 30 kg·m−2 and 34.9 kg·m−2, class II if 

between 35 kg·m−2 and 39.9 kg·m−2 and class III if above 40 kg·m−2. Ideal blood pressure 

was classified as SBP ≤ 120 mmHg and DBP ≤ 90 mmHg, intermediate health (prehyper- 
tension) as an SBP between 121 and 139 mmHg and/or DBP between 81 and 89 mmHg, or 

controlled through hypertensive medication, and hypertensive as an SBP ≥ 140 mmHg 

and/or a DBP ≥ 90 mmHg, respectively [39,41–43]. Hypertension was further classified as 
stage 1 if SBP was between 140 mmHg and 159 mmHg and DBP between 90 and 99 mmHg, 
stage 2 if SBP ranged between 160 and 179 mmHg and DBP ranged between 100 mmHg and 
109 mmHg and stage 3 if SBP was above 180 mmHg and DBP was above 110 mmHg [45]. 

Good TC was classified as a total cholesterol concentration <5.18 mmol·L, intermediate as 

a total cholesterol between ≥5.18 mmol·L and 6.19 mmol·L (borderline high) or con- 

trolled through medication, and poor (high) if cholesterol is above 6.2 mmol·L [39,41]. As a 

risk factor dyslipidaemia was considered if TC was ≥5.18 mmol·L or if on lipid-lowering 

medication [39]. Good NFBG concentration of <7.77 mmol·L, intermediate (prediabetic) if 

blood glucose concentration falls between 7.78 and 11.09 mmol·L, and poor (diabetic) if 

blood glucose is above 11.1 mmol·L [39,41]. Good status for cigarette smoking was classi- 
fied as those that were never smokers or those who have quit for more than six months, 
intermediate as those who quit within six months and poor as those who are current 
smokers [39,41,42]. Cigarette smoking was further classified as light smokers if firefighters 

smoked ≤5 cigarettes a day, moderate smokers if 6 to 19 cigarettes a day and heavy smokers 

if ≥20 cigarettes a day [46]. Good physical activity was classified as firefighters who exer- 
cised for at least three days a week at a moderate intensity accumulating up to 150 minutes 
or 75 minutes of vigorous-intensity physical activity, intermediately active if they exercised 
for 1–149 minutes a week and physically inactive for those who do not exercise at all during 
a week [41–43]. Diet encompassed five components, namely, fruit and vegetable intake, fish 
intake, fibre-rich whole grains, sodium intake and sugar-sweetened-beverage intake. Diet 
was scored as good if four or five components were good, intermediate 2–3 components 
were good and poor if 0–1 components were good [41,43]. 

2.5.2. Cardiovascular Disease Risk Score 

Framingham risk [47] and lifetime and 10-year atherosclerotic cardiovascular disease 
(ASCVD) were calculated to assess the cardiovascular risk of firefighters [44,48]. 
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2.5.3. Heart Rate Variability 

Heart rate variability (HRV) was measured at rest using the Polar™ (Polar Electro 
Oy, Kempele, Finland) H10 heart rate monitor. The HRV data were analyzed using the 

Kubio© Software version 3.4.3, where the results were then exported and captured onto 
the data collection sheet. The measures used were the variability of N-N intervals (HRV), 
the standard deviation of all normal-to-normal (NN) intervals (SDNN), root-mean-square 

of successive differences (RMSSD), low-frequency (LF), high frequency (HF) ranges and 
the ratio (LF/HF) [49,50]. 

2.6. Statistical Analysis 

The data were analysed using SPSS® software, version 28 (Chicago, IL, USA). The data 
were collected, coded, and cleaned for errors using the double-entry method on Microsoft 
Excel (version 16, 2019). Shapiro–Wilks test indicated that the physical fitness variables 
were normally distributed and that the majority of CVH metrics and CVD risk factors were 
not normally distributed. Descriptive statistical analyses, such as the means and standard 
deviations, were performed for the measures of physical fitness and medial, and 25th and 
75th percentiles were used for CVH parameters. Independent samples T-tests and analysis 
of variance (ANOVA) were conducted to determine differences between physical fitness 
parameters based on sex and CVHIs. Univariable and multivariable linear regressions were 
conducted on the continuous data measures of physical fitness and CVH, and multinomial 
regression was conducted on CVHI and physical fitness. The linear regression models 
were cross-validated using the holdout method, randomly dividing the data into an 80% 

training and 20% test split. Model prediction quality was presented as R2 difference 
between the split. For the multivariable models, the hierarchical methods were preferred; 
covariates adjusted for in model 2 were age and sex, and in model 3, weekly physical 
activity and height were added to the model. Root-mean-square error (RMSE) was used to 
assess the model quality of each analysis conducted. The following equation was 

used to calculate RMSE: 

For the regression analysis, steps were taken to ensure that there was no multicollinear- 
ity present in the results. Firstly, collinearity was assessed using correlations to ensure 

autocorrelation was not present and deemed acceptable if all values had correlation co- 
efficients less than 0.8. Lastly, the variance inflation factor (VIF) was calculated for each 

variable to ensure multicollinearity was not present with the subsequent entry of variables 
in each model. A VIF of less than 5 was considered acceptable. Linear least absolute shrink- 

age and selection operator (LASSO) regression was also used to build a prediction model 
for each CVH parameter to reduce the number of predictors. To ensure cross-validation 
of the model and evaluate the predictive ability of the model a five-fold cross-validation 

method was used. For reporting, the more parsimonious model within 1 standard error of 
the optimal model was preferred. Indicators (physical fitness) with non-zero coefficients 

were reported only. A p-value of <0.05 was used to indicate statistical significance. 

3. Results 

Table 1 presents the descriptive statistics and prevalence of CVD factors and CVHI in 
firefighters according to sex and age group. In total, 11.4% of firefighters reported having a 

good CVHI, 55.0% had an intermediate CVHI, and 34.0% had a poor CVHI. More males 
had a poor CVHI than females, especially those in the oldest age groups. The median age 
of the firefighters was 38.0 (38.0 and 48.0) years. Female firefighters had a higher BMI and 

BF%, which was seen in the older groups of firefighters as well. Firefighters’ cardiovascular 
health decreased as they aged, especially male firefighters. 
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√∑(P − O)2

n − 2
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Table 1. Descriptive characteristics, prevalence of cardiovascular disease risk factors, and cardiovas- 

cular health metrics in firefighters according to sex and age group. 

Good CVHI Intermediate Health Poor CVHI 
N % N % N % 

Total Firefighters (n = 309) 
Male (n = 275) 
Female (n = 34) 20–
29 years (n = 72) 
30–39 years (n = 95) 
40–49 years (n = 83) 
50–65 years (n = 58) 

34 
24 
10 
16 
11 
6 
1 

11.0 
56.0 
29.4 
22.2 
11.6 
7.2 
1.7 

170 
154 
16 
41 
56 
45 
27 

55.0 
56.0 
47.1 
56.9 
58.9 
54.2 
46.6 

105 
97 
8 
15 
28 
32 
30 

34.0 
35.3 
23.5 
20.8 
29.5 
38.6 
51.7 

˜ 

X (p25th–p75th) Cardiovascular health metric/cardiovascular disease risk factor N N % 

Age ¶ § 

Body mass index 

Obese ¶ *** 
Ideal * 
Overweight ** 
Obese class I 
Obese class II 
Obese class III 

High body fat percentage ¶ 

Central obesity ¶ 

Hypertension ¶ *** 
Ideal * 
Pre-hypertensive ** 
Hypertension stage 1 
Hypertension stage 2 
Hypertension stage 3 
Systolic hypertension 
Diastolic hypertension 

Dyslipidaemia ¶ 

Total cholesterol 
Ideal (<5.18 mmol·L) * 
Borderline high (5.18–6.19 mmol·L) ** 
High (>6.2 mmol·L) *** 

Low-density lipoprotein cholesterol ¶ 

Ideal (<3.35 mmol·L) 
Borderline high (3.35–4.12 mmol·L) 
High (4.13–4.9 mmol·L) 
Very high (>4.9 mmol·L) 
High-density lipoprotein cholesterol 
Low (<1.03 mmol·L) 
Desirable (1.3–1.55 mmol·L) 
High (>1.55 mmol·L) 

Hypertriglyceridemia ¶ 

Normal (<1.7 mmol·L) 
Borderline high (1.7–2.25 mmol·L) 
High (2.26–5.64 mmol·L) 
Very high (>5.65 mmol·L) 
Non-fasting blood glucose 
Normal (<7.77 mmol·L) * 
Prediabetes (7.8–11.1 mmol·L) ** 
Diabetic (>11.1 mmol·L) *** 
Diet 
Ideal diet * 
Intermediate diet ** 
Poor diet *** 

309 
309 

- 
- 
- 
- 
- 
- 

309 
309 

- 
- 
- 
- 
- 
- 

309 
309 

38.0 (38.0, 48.0) 
27.1 (24.1, 30.4) 

- 
- 
- 
- 
- 
- 

20.2 (14.9, 27.2) 
93.0 (84.3, 101.0) 

- 
- 
- 
- 
- 
- 

137.3 (125.0, 145.5) 
81.7 (74.2, 90.8) 

93 30.1 

86 
94 
129 
67 
14 
4 
84 
159 

144 
35 
130 
114 
13 
4 

133 
86 
109 

27.8 
30.4 
41.8 
21.7 
4.5 
1.3 

27.2 
51.5 

46.6 
11.3 
42.1 
36.9 
4.2 
1.3 

43.0 
27.8 
35.3 

309 
- 
- 
- 

309 
- 
- 
- 
- 

309 
- 
- 
- 

309 

- 
- 
- 
- 

309 

- 
- 
- 

309 
- 
- 
- 

4.6 (3.9, 3.4) 
- 
- 
- 

2.6 (2.1, 3.4) 
2.3 (1.9, 2.8) 
2.4 (2.4, 3.3) 
1.2 (1.1, 1.5) 
3.2 (2.3, 3.7) 
1.2 (1.0, 1.4) 
1.2 (1.1, 1.4) 
1.2 (0.8, 1.9) 
1.2 (1.1, 1.5) 
1.4 (0.9, 2.2) 
1.1 (0.8, 1.7) 
1.2 (0.8, 1,9) 
1.6 (1.1, 2.3) 
2.0 (1.3, 2.8) 
5.4 (4.9, 6.2) 
5.2 (4.6, 5.9) 
5.4 (4.8, 6.0) 
5.4 (4.9, 6.3) 

10.0 (8.0, 11.0) 
- 
- 
- 

211 
69 
29 

68.3 
22.3 
9.4 

228 
52 
16 
12 
65 
70 
184 
55 
119 
191 
52 
60 
6 

73.8 
16.8 
5.2 
3.9 

21.0 
22.7 
59.5 
17.8 
38.5 
61.8 
16.8 
19.4 
1.9 

289 
15 
5 
- 
2 

55 
252 

93.5 
4.9 
1.6 
- 

0.6 
17.6 
78.3 
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Table 1. Cont. 

Good CVHI Intermediate Health Poor CVHI 
N % N % N % 

Weekly physical activity (METs) ¶ 

Physically active * 
Insufficiently active ** 
Completely inactive *** 

Cigarette smoking ¶ *** 
Never * 
Quit within 6 months ** 
Light smoker (<5) 

Moderate smoker (≥6–19) 
Heavy smoker (>20) 
Framingham risk score 
Low (<10%) 
Moderate (10–19%) 
High (≥20) 
Lifetime ASCVD risk score • 

10-year ASCVD risk score l' 
Low risk (<5%) 
Borderline risk (5–7.5%) 
Intermediate risk (7.5–20%) 
High risk (≥20%) 

309 
- 
- 
- 

22 

- 
- 
- 
- 
- 

309 
- 
- 
- 

304 
138 

- 
- 
- 

2240.0 (1165.0, 3986.5) 
- 
- 
- 

10.0 (5.0, 20.0) 
- 
- 
- 
- 
- 

1.1 (0.2, 5.9) 
- 
- 
- 

50.0 (39.0, 50.0) 
5.5 (2.4, 9.9) 

- 
- 
- 
- 

179 
96 
83 
96 
108 
201 
1 
27 
46 
30 
- 

278 
23 
8 
- 
- 

62 
26 
45 
3 

57.9 
42.1 
26.9 
31.1 
35.0 
65.0 
0.9 

25.0 
42.6 
27.8 

- 
86.3 
7.1 
2.5 
- 
- 

19.3 
8.1 

14.0 
0.9 - 

˜ 
Note: X—median; p25th–p75th–25th percentile to 75th percentile; CVHI—cardiovascular health index; 
¶—indicates positive cardiovascular disease risk factor; *—indicates good cardiovascular health metric; 
**—indicates intermediate health metric; ***—indicates poor cardiovascular health metric; §—indicates 

males ≥ 45 years and females ≥ 55 years; •—indicates 5 firefighters were not included in lifetime ASCVD risk 

score due to being over 60 years old. l'—indicates that 171 firefighters were removed due to being under the age 
of 40 years. 

Table 2 indicates the mean physical fitness levels and differences between sex in 
firefighters. Male firefighters were stronger, leaner, and had more muscular stamina 

compared to female firefighters. Female firefighters had higher cardiorespiratory fitness 
than male firefighters. 

Table 2. Descriptive characteristics of firefighters’ physical fitness according to sex. 

Sex 
Total Firefighters Males Females 

−
x ± SD 

−
x ± SD 

−
x ± SD p§ Physical fitness N N N 

abV  ̇O2max (L·min) 

relV  ̇O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 
Sit-and-reach (cm) 
Lean body Mass (kg) 

309 
309 
304 
304 
304 
304 
304 
304 
304 
309 

3.4 ± 0.3 
42.3 ± 6.1 

89.7 ± 17.5 
45.2 ± 9.2 
44.5 ± 8.9 

116.3 ± 29.3 
30.9 ± 13.9 
28.4 ± 10.4 
42.8 ± 9.1 
60.4 ± 9.8 

275 
275 
270 
270 
270 
270 
270 
270 
270 
275 

3.4 ± 0.3 
41.9 ± 5.9 

92.9 ± 15.4 
46.7 ± 8.2 
46.1 ± 7.9 

120.6 ± 26.9 
31.4 ± 14.3 
28.7 ± 10.4 
42.3 ± 9.1 
62.4 ± 8.1 

34 
34 
34 
34 
34 
34 
34 
34 
34 
34 

3.3 ± 0.3 
45.1 ± 7.4 

64.6 ± 12.0 
32.7 ± 6.3 
31.9 ± 6.1 

82.0 ± 23.9 
26.7 ± 10.1 
25.9 ± 9.9 
46.9 ± 8.7 
43.8 ± 5.7 

0.014 
0.005 

<0.001 
<0.001 
<0.001 

<0.001 
0.105 
0.140 
0.006 

<0.001 

significance. V˙ O2max—oxygen Note:  Bold indicates statistical consumption;  L·min—litres per min; 
mL·kg·min—millilitres per kilogram per minute; kg—kilogram; cm—centimetres; rpm—repetitions per minute. 
§—indicates independent samples t-test that was conducted. 

Table 3 indicates the mean physical fitness levels and differences between CVHI in 
firefighters. Firefighters with a good CVHI had a higher cardiorespiratory fitness level, 
push-up and sit-up capacity, and sit-and-reach score but had the lowest grip and leg 

strength. Surprisingly, firefighters with poor CVHI had the highest LBM. 
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Table 3. Descriptive characteristics of firefighters’ physical fitness according to cardiovascular 

health index. 

Cardiovascular Health Index 
Intermediate CVHI Poor CVHI Good CVHI 

−
x ± SD 

3.4 ± 0.3 
39.0 ± 4.7 

89.7 ± 15.9 
45.2 ± 8.6 
44.6 ± 8.1 

118.1 ± 26.5 
26.4 ± 13.2 
24.5 ± 11.0 
40.3 ± 9.3 
62.5 ± 9.1 

−
x ± SD 

3.4 ± 0.3 
42.9 ± 5.8 

91.4 ± 17.6 
45.9 ± 9.1 
45.5 ± 9.0 

116.2 ± 29.6 
32.7 ± 13.8 
29.9 ± 9.9 
43.9 ± 8.9 
60.5 ± 9.8 

−
x ± SD 

3.3 ± 0.2 
49.3 ± 4.9 

80.9 ± 19.2 
41.3 ± 10.2 
39.7 ± 9.5 

111.7 ± 31.4 
34.6 ± 12.1 
32.1 ± 5.8 
45.0 ± 8.9 
53.3 ± 7.5 

p # 

0.253 
<0.001 
0.006 
0.026 

0.002 
0.538 

<0.001 
<0.001 
0.003 

<0.001 

Physical fitness 

abV˙ O2max (L·min) 

relV  ̇O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 
Sit-and-reach (cm) 
Lean body Mass (kg) 

N 

101 

101 
99 
99 
99 
99 
99 
99 
99 

100 

N 

174 

174 
174 
171 
171 
171 
171 
171 
171 
174 

N 

34 

34 
34 
34 
34 
34 
34 
34 
34 
34 

significance. V˙ O2max—oxygen consumption; L·min—litres per min; Note:  Bold indicates statistical 
mL·kg·min—millilitres per kilogram per minute; kg—kilogram; cm—centimetres; rpm—repetitions per minute; 
#—indicates the analysis of variance conducted. 

Table 4 describes the association between physical fitness and CVH in firefighters. 

AbV˙ O2max was significantly associated with systolic blood pressure (R2 = 2.5%), NFBG 
(R2 = 2.7%), HDL-C (R2 = 4.0%), Framingham risk score (R2 = 4.1%), and weekly MET 
minutes (R2 = 2.9%). After adjustment for age, sex, weekly METs, and height, every one 

standard deviation increase in abV˙ O2max was associated with a decrease of 0.249 and 0.268 

standard deviations for SBP and HDL-C. RelV˙ O2max was significantly associated with SBP 
(R2 = 12.5%), DBP (R2 = 15.0%), NFBG (R2 = 8.9%), TC (R2 = 6.9%), LDL-C (R2 = 4.2%), 
HDL-C (R2 = 5.4%), triglycerides (R2 = 17.5%), and Framingham risk score (R2 = 29.7%). In 

model 3, every one standard deviation increase in relV˙ O2max was associated with a decrease 
of 0.256, 0.391, 0.290, 0.290, 0.427 and 0.117 standard deviations in SBP, DBP, NFBG, HDL-C, 
triglycerides and Framingham risk score, respectively. Based on muscular strength and 
endurance, after adjustment for age, sex, weekly METs, and height, an increase of one 

standard deviation in leg strength was associated with an increase in SBP, triglycerides, and 
weekly METs by 0.186, 0.192, and 0.226 standard deviations, respectively, and a decrease 

of 0.188 standard deviation in HDL-C concentration. One standard deviation increase in 
push-ups and sit-up capacity was associated with a decrease of 0.138 and 0.176 standard 

deviations for DBP and a decrease of 0.179 and 0.241 standard deviations in triglyceride 
concentration, respectively. 

Based on CVH, age was significantly associated with abV˙ O2max (R2 = 11.4%), relV˙ O2max 
(R2 = 30.5%), leg strength (R2 = 4.9%), sit-ups (R2 = 23.2%), push-ups (R2 = 20.2%), sit- 

and-reach (R2 = 4.0%), and LBM (R2 = 2.4%). After adjustment for sex, weekly METs and 

height, every one standard deviation in age decreased abV˙ O2max, relV˙ O2max, leg strength, 
push-ups, sit-ups, sit-and-reach, and LBM by 0.316, 0.552, 0.196, 0.451, 0.451, 0.199, and 
0.178 standard deviations, respectively. Body mass index was significantly associated 

with abV˙ O2max (R2 = 19.1%), relV˙ O2max (R2 = 61.2%), leg strength (R2 = 1.7%), push-ups 
(R2 = 8.6%), sit-ups (R2 = 14.0%), sit-and-reach (R2 = 6.2%), and LBM (R2 = 10.6%). After 

adjustment for covariates, for every one standard deviation increases in BMI, abV˙ O2max, 

relV˙ O2max, push-ups, sit-ups, and sit-and-reach decreased by 0.730, 0.153, 0.252, and 0.233 
standard deviations, respectively. Bodyfat percentage was significantly associated with 

abV˙ O2max (R2 = 4.4%), relV˙ O2max (R2 = 24.7%), grip strength (R2 = 2.9%), leg strength (R2 

= 2.7%), sit-ups (R2 = 10.5%), push-ups (R2 = 16.1%), sit-and-reach (R2 = 2.1%), and LBM 
(R2 = 2.8%). After adjustment for age, sex, weekly METs, and height, every one standard 

deviation increases in BF% decreased relV˙ O2max, push-ups, sit-ups, and sit-and-reach by 
0.631, 0.228, 0.341, and 0.240 standard deviations, respectively. 
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Table 4. Linear regression indicating the association between physical fitness and cardiovascular health in firefighters. 

Univariate Linear Models a 

Model 1 
Multivariate Linear Models b 

Model 2 c Model 3 d 

R2 Variables B SE R2 RMSE CV • p B SE R2 RMSE p B SE RMSE p-Value β β β 

Exploratory variable: abV˙ O2max 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Non-fasting blood glucose (mmol·L) 
Total cholesterol (mmol·L) 
Low-density lipoprotein cholesterol (mmol·L) 
High-density lipoprotein (mmol·L) 
Triglycerides (mmol·L) 
Framingham risk score 
Weekly MET minutes 

Exploratory variable: relV˙ O2max 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Non-fasting blood glucose (mmol·L) 
Total cholesterol (mmol·L) 
Low-density lipoprotein cholesterol (mmol·L) 
High-density lipoprotein (mmol·L) 
Triglycerides (mmol·L) 
Framingham risk score 
Weekly MET minutes 

Exploratory variable: Grip strength 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Non-fasting blood glucose (mmol·L) 
Total cholesterol (mmol·L) 
Low-density lipoprotein cholesterol (mmol·L) 
High-density lipoprotein (mmol·L) 
Triglycerides (mmol·L) 
Framingham risk score 
Weekly MET minutes 

Exploratory variable: Leg strength 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Non-fasting blood glucose (mmol·L) 
Total cholesterol (mmol·L) 
Low-density lipoprotein cholesterol (mmol·L) 
High-density lipoprotein (mmol·L) 
Triglycerides (mmol·L) 
Framingham risk score 
Weekly MET minutes 

Exploratory variable: Push-ups 
Systolic blood pressure (mmHg) 

8.738 
−0.754 
−0.808 
−0.320 
−0.322 
−0.276 
0.056 
−0.011 
1746.3 

3.106 
2.373 
0.277 
0.259 
0.217 
0.077 
0.225 
0.003 
573.22 

0.159 
0.096 
−0.164 
−0.070 
−0.081 
−0.201 
0.014 
−0.203 
0.172 

0.025 
0.000 
0.027 
0.005 
0.007 
0.040 
0.000 
0.041 
0.029 

15.254 
11.656 
1.360 
1.274 
1.066 
0.377 
1.104 

1.3 
0.0 

10.9 
0.8 

0.09 
11.0 
1.2 

0.005 
0.751 
0.004 
0.218 
0.139 
<0.001 
0.802 
<0.001 
0.003 

14.101 
- 

−0.511 
- 
- 

−0.283 
- 

3.111 
- 

0.293 
- 
- 

0.080 
- 

0.247 
- 

−0.095 
- 
- 

−0.193 
- 

0.162 
- 

0.064 
- 
- 

0.115 
- 

0.663 
0.044 

14.189 
- 

1.338 
- 
- 

0.363 
- 

<0.001 
- 

0.082 
- 
- 

<0.001 
- 

13.684 
- 
- 
- 
- 

−0.365 
- 
- 

1193.3 

3.355 
- 
- 
- 
- 

0.085 
- 
- 

658.262 

0.249 

- 
- 
- 

−0.268 
- 
- 

0.117 

0.164 
- 
- 
- 
- 

0.137 
- 
- 

0.044 

14.210 
- 
- 
- 
- 

0.359 
- 
- 

2803.237 

<0.001 
- 
- 
- 
- 

<0.001 
- 
- 

0.071 
5.163 3.2 0.005 0.005 0.091 3.064 0.322 
2811.269 4.6 1306.261614.100 0.114 2799.6910.034 

−0.888 
−0.735 
−0.067 
−0.054 
−0.036 
0.015 
−0.077 
−0.637 
0.000 

0.170 
0.100 
0.012 
0.011 
0.010 
0.003 
0.012 
0.056 
0.000 

−0.353 
−0.388 
−0.299 
−0.262 
−0.206 
0.232 
−0.422 
−0.545 
0.172 

0.125 
0.150 
0.089 
0.069 
0.042 
0.054 
0.175 
0.297 
0.010 

14.511 
10.754 
1.314 
1.237 
1.049 
0.371 
0.999 
4.429 
2811.269 

3.7 
19.6 
6.5 
−11.8 
−15.5 

6.2 
3.8 
6.2 
1.2 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
0.073 

−0.671 
−0.637 
−0.055 
−0.027 
−0.017 
0.015 
−0.064 
−0.100 

- 

0.161 
0.121 
0.015 
0.014 
0.012 
0.067 
0.011 
0.034 

- 

−0.267 
−0.336 
−0.246 
−0.130 
−0.095 
0.242 
−0.355 
−0.117 

- 
- 

- 
- 
- 
- 
- 

−0.034 
- 
- 
- 

0.153 
0.166 
0.090 
0.116 
0.078 
0.118 
0.194 
0.671 

- 

14.262 
10.681 
1.316 
1.205 
1.031 
0.363 
0.995 
3.027 

- 

<0.001 
<0.001 
<0.001 
0.048 
0.157 
<0.001 
<0.001 
0.004 

- 

−0.642 
−0.742 
−0.065 
−0.026 

- 
0.018 
−0.077 
−0.100 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

0.170 
0.126 
0.016 
0.014 

- 
0.004 
0.012 
0.036 

- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

−0.256 
−0.391 
−0.290 
−0.126 

- 
0.290 
−0.427 
−0.117 

- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

0.158 
0.186 
0.108 
0.116 

- 
0.134 
0.231 
0.674 

- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

14.278 
10.569 
1.309 
1.207 

- 
0.359 
0.976 
3.018 

- 

<0.001 
<0.001 
<0.001 
0.068 

- 
<0.001 
<0.001 
0.006 

- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

0.079 
−0.038 
0.002 
−0.001 
0.001 
−0.004 
0.002 
0.012 
6.358 

0.050 
0.038 
0.005 
0.004 
0.004 
0.001 
0.004 
0.017 
9.378 

0.090 
−0.057 
0.021 
−0.015 
0.009 
−0.163 
0.028 
0.039 
0.039 

0.008 
0.003 
0.000 
0.000 
0.000 
0.027 
0.001 
0.002 
0.002 

15.385 
11.499 
1.376 
1.282 
1.0469 
0.376 
1.107 

1 
8.1 
1.8 
0.0 
0.1 
−9.6 
0.1 

0.119 
0.322 
0.363 
0.798 
0.881 
0.004 
0.633 
0.501 
0.678 

- 
- 
- 
- 
- 

−0.001 
- 
- 
- 

- 
- 
- 
- 
- 

0.001 
- 
- 
- 

- 
- 
- 
- 
- 

0.081 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

0.604 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

5.279 0.0 
2854.287 5.6 

0.092 
0.018 
0.001 
0.000 
0.000 
−0.002 
0.005 
−0.011 
22.2 

0.030 
0.023 
0.003 
0.003 
0.002 
0.001 
0.002 
0.011 
5.556 

0.173 
0.045 
0.028 
0.005 
−0.010 
−0.219 
0.119 
−0.061 
0.225 

0.030 
0.004 
0.001 
0.000 
0.000 
0.048 
0.016 
0.004 
0.055 

15.224 
11.497 
1.375 
1.282 
1.074 
0.373 
1.098 

1.1 
0.1 
−0.1 
−4.5 
4.1 
−11.9 
−6.5 

0.101 
- 
- 
- 
- 

−0.002 
0.006 

- 
23.062 

0.033 
- 
- 
- 
- 

0.001 
0.002 

- 
6.268 

0.189 
- 
- 
- 
- 

−0.146 
0.147 

- 
0.234 

0.127 
- 
- 
- 
- 

0.097 
0.124 

- 
0.069 

14.448 
- 
- 
- 
- 

0.368 
1.041 

0.099 
- 
- 
- 
- 

−0.002 
0.007 

- 
22.334 

0.034 
- 
- 
- 
- 

0.001 
0.002 

- 
6.365 

0.186 
- 
- 
- 
- 

−0.188 
0.192 

- 
0.226 

0.137 
- 
- 
- 
- 

0.110 
0.146 

- 
0.070 

14.404 
- 
- 
- 
- 

0.365 
1.033 

- 
2764.178 

0.003 
0.303 
0.687 
0.981 
0.810 
<0.001 
0.038 
0.291 
<0.001 

0.002 
- 
- 
- 
- 

0.020 
0.017 

0.004 
- 
- 
- 
- 

0.004 
0.003 

- 
<0.001 

5.293 −5.2 - - 
2728.984 −3.6 2761.658<0.001 

−0.133 0.064 −0.119 0.014 15.368 13.7 0.038 −0.026 0.070 −0.024 0.100 14.677  0.708 - - - - - - 
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Table 4. Cont. 

Univariate Linear Models a 

Model 1 
Multivariate Linear Models b 

Model 2 c Model 3 d 

R2 Variables B SE R2 RMSE CV • p B SE R2 RMSE p B SE RMSE p-Value β β β 

−0.203 
−0.004 
0.005 
−0.006 
0.002 
−0.020 
−0.157 
28.654 

0.047 
0.006 
0.006 
0.004 
0.002 
0.004 
0.020 
11.864 

−0.242 
−0.137 
−0.125 
−0.010 
0.090 
−0.254 
−0.411 
0.138 

0.058 
0.019 
0.016 
0.005 
0.007 
0.065 
0.169 
0.019 

11.203 
1.365 
1.276 
1.073 
0.385 
1.072 

−32.1 
−10.7 
−19.9 
12.7 
0.5 
−3.2 

<0.001 
0.017 
0.029 
0.221 
0.141 
<0.001 
<0.001 
0.016 

−0.109 
−0.004 
0.005 

- 
- 

−0.014 
−0.029 
15.876 

0.053 
0.006 
0.006 

- 
- 

0.005 
0.015 
13.571 

−0.130 
−0.044 
0.050 

- 
- 

−0.176 
−0.075 
0.077 

0.099 
0.051 
0.114 

- 
- 

0.131 
0.675 
0.031 

11.038 
1.345 
1.212 

- 
- 

1.037 

0.041 
0.494 
0.428 

- 
- 

0.005 

−0.116 
- 
- 
- 
- 

−0.014 
−0.026 

- 

0.053 
- 
- 
- 
- 

0.005 
0.015 

- 

−0.138 
- 
- 
- 
- 

−0.179 
−0.068 

- 

0.106 
- 
- 
- 
- 

0.143 
0.679 

- 

11.0456 
- 
- 
- 
- 

1.035 
3.010 

- 

0.030 
- 
- 
- 
- 

0.004 
0.074 

- 

Diastolic blood pressure (mmHg) 
Non-fasting blood glucose (mmol·L) 
Total cholesterol (mmol·L) 
Low-density lipoprotein cholesterol (mmol·L) 
High-density lipoprotein (mmol·L) 
Triglycerides (mmol·L) 
Framingham risk score 
Weekly MET minutes 

Exploratory variable: Sit-ups 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Non-fasting blood glucose (mmol·L) 
Total cholesterol (mmol·L) 
Low-density lipoprotein cholesterol (mmol·L) 
High-density lipoprotein (mmol·L) 
Triglycerides (mmol·L) 
Framingham risk score 
Weekly MET minutes 

Exploratory variable: Age 
abV˙ O2max (L·min) 
relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 
Sit-and-reach (cm) 
Lean body Mass (kg) 

Exploratory variable: body mass index 
abV˙ O2max (L·min) 
relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 
Sit-and-reach (cm) 
Lean body Mass (kg) 

Exploratory variable: body fat percentage 
abV˙ O2max (L·min) 

4.838 −7.8 3.023 0.049 
2824.061 2.6 2825.3780.243 

−0.237 
−0.250 
−0.021 
−0.018 
−0.008 
0.003 
−0.033 
−0.198 
02.154 

0.084 
−0.270 
0.008 
0.007 
0.006 
0.002 
0.006 
0.027 
15.844 

−0.160 
−0.279 
−0.156 
−0.146 
−0.082 
0.074 
−0.305 
−0.289 
0.073 

0.026 
0.078 
0.024 
0.021 
0.007 
0.006 
0.093 
0.151 
0.005 

15.187 32.1 
11.064 28.2 

0.005 
<0.001 
0.007 
0.011 
0.155 
0.198 
<0.001 
<0.001 
0.204 

−0.114 
−0.200 
−0.010 
0.001 

- 
- 

−0.026 
−0.037 

- 

0.091 
0.068 
0.008 
0.008 

- 
- 

0.006 
0.019 

- 

−0.077 
−0.179 
−0.075 
0.006 

- 
- 

−0.244 
−0.073 

- 

0.111 
0.116 
0.055 
0.101 

- 
- 

0.153 
0.674 

- 

14.492 
10.899 

- 
- 
- 
- 

1.023 
3.028 

- 

0.210 
0.004 
0.239 
0.925 

- 
- 

<0.001 
0.051 

- 

- 
−0.196 

- 
- 
- 
- 

−0.026 
- 
- 

- 
0.068 

- 
- 
- 
- 

0.006 
- 
- 

- 
0.122 

- 
- 
- 
- 

0.163 
- 
- 

- 
0.004 

- 
- 
- 
- 

<0.001 
- 
- 

−0.176 
- 
- 
- 
- 

−0.241 
- 
- 

10.913 
- 
- 
- 
- 

1.022 
- 
- 

1.361 
1.269 
1.067 
0.385 
1.056 
4.888 
2850.996 

5.6 
8.8 
3.0 
2.2 
7.6 
0.6 
0.7 

−0.009 
−0.328 
−0.139 
−0.070 
−0.069 
−0.621 
−0.646 
−0.455 
−0.186 
0.153 

0.001 
0.028 
0.098 
0.051 
0.050 
0.158 
0.068 
0.052 
0.050 
0.053 

−0.342 
−0.552 
−0.081 
−0.082 
−0.080 
−0.221 
−0.482 
−0.450 
−0.208 
0.163 

0.114 
0.305 
0.007 
0.003 
0.003 
0.049 
0.232 
0.202 
0.040 
0.024 

0.263 
5.125 
17.463 
9.130 
8.909 
28.162 
12.076 
9.264 
8.962 
9.719 

4.9 
0.3 
0.3 
0.3 
0.2 
7.1 
1.2 

10.5 
4.3 
0.9 

<0.001 
<0.001 
0.157 
0.051 
0.170 
<0.001 
<0.001 
<0.001 
<0.001 
0.007 

−0.009 
−0.327 

- 
- 
- 

−0.629 
−0.647 
−0.455 
−0.185 
0.146 

0.001 
0.028 

- 
- 
- 

0.143 
0.067 
0.052 
0.050 
0.044 

−0.344 
−0.550 

- 
- 
- 

−0.224 
−0.483 
−0.450 
−0.207 
0.156 

0.138 
0.328 

- 
- 
- 

0.221 
0.242 
0.210 
0.067 
0.330 

0.261 
5.049 

- 
- 
- 

25.532 
12.021 
9.235 
8.864 
7.125 

<0.001 
<0.001 

- 
- 
- 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

−0.009 
−0.328 

- 
- 
- 

−0.552 
−0.616 
−0.457 
−0.178 
0.167 

0.001 
0.027 

- 
- 
- 

0.141 
0.070 
0.053 
0.050 
0.037 

−0.316 
−0.552 

- 
- 
- 

−0.196 
−0.451 
−0.451 
−0.199 
0.178 

0.254 
0.391 

- 
- 
- 

0.277 
0.233 
0.211 
0.080 
0.541 

0.243 
4.828 

- 
- 
- 

24.692 
12.351 
9.273 
8.825 
6.614 

<0.001 
<0.001 

- 
- 
- 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.026 
−1.025 
0.113 
0.032 
0.081 
0.800 
−0.860 
−0.832 
−0.489 
0.681 

0.003 
0.047 
0.215 
0.113 
0.110 
0.352 
0.162 
0.119 
0.109 
0.113 

0.440 
−0.782 
0.030 
0.016 
0.043 
0.130 
−0.293 
−0.375 
−0.250 
0.333 

0.191 
0.612 
0.001 
0.000 
0.002 
0.017 
0.086 
0.140 
0.062 
0.106 

0.252 
3.828 
17.514 
9.157 
8.929 
28.632 
13.178 
9.317 
8.872 
9.302 

−8.1 
11.6 
0.5 
0.1 
0.8 
4.3 
11.5 
−11.0 
−17.7 
20.7 

<0.001 
<0.001 
0.525 
0.780 
0.459 
0.024 
<0.001 
<0.001 
<0.001 
<0.001 

0.038 
−0.920 

- 
- 
- 

1.705 
−0.433 
−0.563 
−0.445 
0.818 

0.003 
0.039 

- 
- 
- 

0.319 
0.155 
0.116 
0.113 
0.094 

0.640 
−0.702 

- 
- 
- 

0.277 
−0.147 
−0.254 
−0.227 
0.389 

0.500 
0.764 

- 
- 
- 

0.289 
0.261 
0.267 
0.113 
0.464 

0.199 
0.299 

- 
- 
- 

24.432 
11.178 
8.908 
8.657 
7.122 

<0.001 
<0.001 

- 
- 
- 

<0.001 
0.006 
<0.001 
<0.001 
<0.001 

0.040 
−0.955 

- 
- 
- 

1.786 
−0.449 
−0.560 
−0.445 
0.917 

0.002 
0.030 

- 
- 
- 

0.306 
0.155 
0.117 
0.112 
0.070 

0.673 
−0.730 

- 
- 
- 

0.290 
−0.153 
−0.252 
−0.233 
0.436 

0.651 
0.858 

- 
- 
- 

0.340 
0.267 
0.268 
0.128 
0.708 

0.167 
2.336 

- 
- 
- 

23.426 
11.888 
8.950 
8.606 
5.245 

<0.001 
<0.001 

- 
- 
- 

<0.001 
0.004 

<0.001 
<0.001 
<0.001 

0.006 0.002 0.211 0.044 0.270 3.8 <0.001 0.015 0.002 0.507 0.343 0.225 <0.001 0.016 0.001 0.569 0.496 0.199 0.014 
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Table 4. Cont. 

Univariate Linear Models a 

Model 1 
Multivariate Linear Models b 

Model 2 c Model 3 d 

R2 Variables B SE R2 RMSE CV • p B SE R2 RMSE p B SE RMSE p-Value β β β 

relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 
Sit-and-reach (cm) 
Lean body Mass (kg) 

−0.315 0.032 
−0.310 0.103 
−0.168 0.054 
−0.142 0.053 
−0.488 0.171 
−0.464 0.078 
−0.434 0.057 
−0.138 0.054 
−0.151 0.057 

−0.497 0.247 
−0.170 0.029 
−0.177 0.031 
−0.153 0.023 
−0.163 0.027 
−0.324 0.105 
−0.401 0.161 
−0.145 0.021 
−0.150 0.028 

5.301 
17.251 
9.002 
8.831 
28.536 
13.056 
9.511 
9.036 
9.682 

25.4 
2.3 
3.0 
1.6 
7.1 
−15.7 
−14.1 
−15.1 

2.6 

<0.001 
0.003 
0.002 
0.008 
0.005 
<0.001 
<0.001 
0.011 
0.003 

−0.365 
0.178 
0.068 
0.109 
0.319 
−0.306 
−0.369 
−0.214 
0.063 

0.027 
0.104 
0.056 
0.053 
0.176 
0.082 
0.061 
0.060 
0.055 

−0.575 
0.098 
0.072 
0.118 
0.106 
−0.214 
−0.341 
−0.226 
0.062 

0.588 
0.271 
0.240 
0.269 
0.235 
0.257 
0.295 
0.112 
0.329 

3.936 
15.000 
7.999 
7.668 
25.378 
11.789 
8.743 
8.645 
7.957 

<0.001 
0.089 
0.220 
0.041 
0.072 
<0.001 
<0.001 
<0.001 
0.256 

−0.400 
- 
- 

0.148 
- 

−0.326 
−0.370 
−0.227 

- 

0.024 
- 
- 

0.051 
- 

0.083 
0.062 
0.060 

- 

−0.631 
- 
- 

0.160 
- 

−0.228 
−0.341 
−0.240 

- 

0.688 
- 
- 

0.342 
- 

0.283 
0.296 
0.128 

- 

3.440 
- 
- 

7.307 
- 

11.769 
8.785 
8.581 

- 

<0.001 
- 
- 

0.004 
- 

<0.001 
<0.001 
<0.001 

- 

Note: Bold indicates statistical significance <0.05. CVHI—cardiovascular health index; V˙ O2max—oxygen consumption; L·min—litres per min; mL·kg·min—millilitres per kilogram per 
minute; mmol·L—millimole per litre; mmHg—millimetres mercury; kg—kilogram; cm—centimetres; rpm—repetitions per minute; a—univariable linear regression; b—multivariable 
analysis; c—adjusted for age and sex; d—covariates adjusted for age, sex, weekly METs and height.; B—unstandardised beta coefficients; β—standardised beta coefficient; SE—standard 

error; R2—R squared; RMSE—root mean square error; CV—cross-validation; •—percentage difference for R2 between training and testing data. 
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Table 5 describes the association between physical fitness and CVHI in firefighters. 

Univariable analysis indicated that a one-unit increase in relV˙ O2max, push-ups, sit-ups, 
and sit-and-reach increased the odds of firefighters reporting intermediate CVHI rather 
than a poor CVHI by 1.14 (1.09, 1.20), 1.04 (1.02, 1.06), 1.05 (1.03, 1.08), and 1.04 (1.01, 1.07), 

respectively. One-unit increase in relV˙ O2max, push-ups, sit-ups, and sit-and-reach increased 
the odds of firefighters having a good CVHI rather than a poor CVHI by 1.41 (1.29, 1.55), 
1.05 (1.02, 1.08), 1.08 (1.03, 1.12), and 1.06 (1.01, 1.11), respectively. In Model 2, after 

adjustment for age and sex, a one-unit increase in relV˙ O2max, push-ups, sit-ups, and sit-and- 
reach increased the odds of firefighters having an intermediate CVHI rather than a poor 
CVHI by a factor of 1.14 (1.08, 1.21), 1.03 (1.01, 1.05), 1.04 (1.01, 1.07), and 1.04 (1.01, 1.07), 

respectively. In addition, a one-unit increase in abV˙ O2max, relV˙ O2max, and sit-ups increased 
the odds of firefighters reporting a good CVHI by 0.09 (0.02, 0.51), 1.38 (1.24, 1.53), and 

1.06 (1.01, 1.11). In Model 3, after weekly METs and years of experience were added to the 

model, a one-unit increase in relV˙ O2max, sit-ups, and sit-and-reach increased the odds of 
firefighters reporting intermediate health rather than poor CVHI by 1.19 (1.11, 1.28), 

1.04 (1.01, 1.07), and 1.04 (1.01, 1.07), respectively. A one-unit increase in relV˙ O2max and 
sit-ups increased the odds of firefighters reporting a good CVHI by 1.49 (1.33, 1.69) and 
1.06 (1.01, 1.11), respectively. 

Table 6 shows the relationship between measures of physical fitness and HRV in fire- 

fighters. Univariate regression found that abV˙ O2max and relV˙ O2max explained 26.8% and 
9.3%, 27.3% and 22.8%, 25.9% and 22.5%, and 3.7% and 7.6% of the variation in HRV, SDNN, 
RMSSD, and LF/HF ratio, respectively. After adjustment for age, sex, weekly METs, and 

height, one standard deviation increases in abV˙ O2max and relV˙ O2max increased in HRV, SDNN, 
and RMSSD by 0.608 and 0.565, 0.478 and 0.522, and 0.516 and 0.559 standard deviations, 
respectively, and decreased LF/HF ratio by 0.254 and 0.303 standard deviations. Push-ups 
and sit-ups explained 8.4% and 6.3% of the variation in SDNN, and after adjustment for age, 
sex, weekly METs, and height, one standard deviation increase in push-up and sit-up capacity 

increased SDNN by 0.161 and 0.129 standard deviations, respectively. 
Table 7 describes the LASSO results for key indicators of physical fitness associated 

with CVH in firefighters. The results of the LASSO regression reported that relV˙ O2max and 
LBM were the most significant indicators of SBP in firefighters, with the highest predicted 

model accuracy (0.905 vs. 0.923). RelV˙ O2max and sit-ups were significant indicators of DBP 

in firefighters, with the highest predicted model accuracy (0.903 vs. 0.930). AbV˙ O2max 
and relV˙ O2max were the most significant indicators of NFBG with the highest predicted 

model accuracy (0.954 vs. 0.969). RelV˙ O2max was the most significant indicator of TC and 
LDL-C concentrations; however, model predictive accuracy was low for TC (0.965 vs. 0.602) 

and high for LDL-C (0.989 vs. 0.996). For HDL-C abV˙ O2max, relV˙ O2max, leg strength, and 
push-up capacity were the most significant indicators, with the highest predicted model 

accuracy (0.894 vs. 0.930). RelV˙ O2max was the most significant indicator of triglycerides in 
firefighters, with the highest predicted model accuracy (0.871 vs. 0.901). Leg strength was 
the most significant indicator of MET minutes, with the highest predicted model accuracy 

(0.993 vs. 0.999). For CVHI, abV˙ O2max was the most significant indicator of a good CVHI, 

with the highest predicted model accuracy (0.942 vs. 0.958). AbV˙ O2max, relV˙ O2max, and 
leg strength were the most significant indicators of HRV in firefighters; however, model 

predictive accuracy was low (0.635 vs. 0.649). AbV˙ O2max and relV˙ O2max were the most 
significant indicators for SDNN and RMSSD; however, the model predictive accuracy was 
low for both SDNN (0.476 vs. 0.479) and RMSSD (0.518 vs. 0.527). Leg strength was the 
most significant indicator of HF ratio in firefighters, with the highest predicted model 

accuracy (0.995 vs. 0.999). AbV˙ O2max and relV˙ O2max were the most significant indicators 
for LF/HF ratio, with the highest predicted model accuracy (0.911 vs. 0.943). 
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Table 5. Multinomial logistic regression indicating the association between physical fitness and cardiovascular health index categories in firefighters. 

Univariable Model a 

Model 1 
Multivariable Model b 

Model 2 c Model 3 d 

Intermediate CVHI Good CVHI Intermediate CVHI Good CVHI Intermediate CVHI Good CVHI 

Model: CVHI (Poor CVHI) 
abV˙ O2max (L·min) 
relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 
Sit-and-reach 

OR (95% CI) 
0.980 (0.41, 2.35) 
1.14 (1.09, 1.20) 
1.00 (0.99, 1.02) 
1.01 (0.98, 1.03) 
1.01 (0.98, 1.04) 
0.99 (0.99, 1.01) 
1.04 (1.02, 1.06) 
1.05 (1.03, 1.08) 
1.04 (1.01, 1.07) 

p 
0.719 

<0.001 
0.602 
0.704 
0.390 
0.501 

<0.001 
<0.001 
0.004 

OR (95% CI) 
0.34 (0.09, 1.37) 
1.41 (1.29, 1.55) 
0.97 (0.95, 0.99) 
0.95 (0.91, 0.99) 
0.94 (0.89, 0.98) 
0.99 (0.98, 1.01) 
1.05 (1.02, 1.08) 
1.08 (1.03, 1.12) 
1.06 (1.01, 1.11) 

p 
0.131 

<0.001 
0.009 
0.025 
0.006 
0.243 
0.003 

<0.001 
0.012 

OR (95% CI) 
- 

1.14 (1.08, 1.21) 
1.01 (0.99, 1.03) 
1.01 (0.98, 1.05) 
1.02 (0.98, 1.05) 

- 
1.03 (1.01, 1.05) 
1.04 (1.01, 1.07) 
1.04 (1.01, 1.07) 

p 
- 

<0.001 
0.687 
0.793 
0.608 

- 
0.010 
0.004 
0.020 

OR (95% CI) 
0.09 (0.02, 0.51) 
1.38 (1.24, 1.53) 
0.98 (0.95, 1.01) 
0.98 (0.92, 1.03) 
0.95 (0.89, 1.01) 

- 
1.03 (0.99, 1.07) 
1.06 (1.01, 1.11) 
1.03 (0.98, 1.08) 

p 
0.006 

<0.001 
0.135 
0.271 
0.074 

- 
0.134 
0.023 
0.236 

OR (95% CI) 
- 

1.19 (1.11, 1.28) 
- 
- 
- 
- 
- 

1.04 (1.01, 1.07) 
1.04 (1.01, 1.07) 

p 
- 

<0.001 
- 
- 
- 
- 
- 

0.003 
0.016 

OR (95% CI) 
- 

1.49 (1.33, 1.69) 
- 
- 
- 
- 
- 

1.06 (1.01, 1.11) 
- 

p 
- 

<0.001 
- 
- 
- 
- 
- 

0.023 
- 

Note: Bold indicates statistical significance <0.05. CVHI—cardiovascular health index; V˙ O2max—oxygen consumption; L·min—litres per min; mL·kg·min—millilitres per kilogram per 
minute; kg—kilogram; cm—centimetres; rpm—repetitions per minute; a—unadjusted univariable multinomial regression; b—multivariable model adjusted for age and sex; c—adjusted 
for age and sex; d—covariates adjusted for age, sex and weekly METs; OR—odds ratio, CI—confidence interval; p—significance level. 

Table 6. Linear regression indicating the association between physical fitness and heart rate variability in firefighters. 

Univariable Linear Models a 

Model 1 
Multivariable Linear Models b 

Model 2 c 
R2 

Model 3 d 

R2 R2 B SE RMSE CV • p-Value B SE RMSE p-Value B SE RMSE p-Value β β β 

Dependent variable: Heart rate variability 
abV˙ O2max (L·min) 

relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 

269.929 
7.312 
0.498 
−0.092 
1.178 
1.366 
1.486 
1.085 

25.75 
1.31 

0.482 
0.293 
0.611 
0.816 
0.922 
0.865 

0.517 
0.306 
0.060 
0.023 
0.094 
−0.018 
0.112 
0.097 

0.268 
0.093 
0.04 
0.00 

0.012 
0.009 
0.009 
0.005 

125.078 
135.329 
145.633 
145.859 
145.234 
145.929 
144.757 
145.150 

5.4 
−6.3 
−5.6 
−2.6 
−8.5 
0.5 
−15.6 
−6.9 

<0.001 
0.001 
0.302 
0.755 
0.055 
0.095 
0.108 
0.211 

308.020 
11.136 

- 
- 
- 
- 
- 
- 

27.113 
1.557 

- 
- 
- 
- 
- 
- 

0.590 
0.466 

- 
- 
- 
- 
- 
- 

0.303 
0.148 

- 
- 
- 
- 
- 
- 

122.397 
135.328 

<0.001 
<0.001 

- 
- 
- 
- 
- 
- 

317.504 
13.513 

- 
- 
- 
- 
- 
- 

29.285 
1.551 

- 
- 
- 
- 
- 
- 

0.608 
0.565 

- 
- 
- 
- 
- 
- 

0.316 
0.240 

- 
- 
- 
- 
- 
- 

125.283 
121.839 

- 
- 
- 
- 
- 
- 

<0.001 
<0.001 

- 
- 
- 
- 
- 
- 

Dependent variable: SDNN 
abV˙ O2max (L·min) 
relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 

40.363 
1.685 
0.179 
0.120 
0.455 
0.525 

3.797 
0.179 
0.071 
0.043 
0.087 
0.118 

0.522 
0.478 
0.144 
0.114 
0.166 
0.160 

0.273 
0.228 
0.021 
0.026 
0.084 
0.25 

18.445 
19.003 
21.439 
21.525 
21.365 
21.346 

21.7 
−18.8 
−0.2 
−0.2 
−4.2 
−2.1 

<0.001 

<0.001 
0.039 
0.036 

<0.001 
<0.001 

36.076 
1.594 
0.154 
0.198 
0.373 
0.068 

4.023 
0.216 
0.079 
0.150 
0.154 
0.047 

0.467 
0.452 
0.124 
0.083 
0.154 
0.090 

0.299 
0.247 
0.116 
0.109 
0.112 
0.110 

18.178 
18.834 
20.445 
20.515 
20.373 
20.467 

<0.001 
<0.001 
0.053 
0.187 
0.016 
0.148 

37.626 
1.838 

- 
- 

0.325 
- 

4.312 
0.217 

- 
- 

0.159 
- 

0.487 
0.522 

- 
- 

0.134 
- 

0.321 
0.302 

- 
- 

0.155 
- 

17.954 
18.057 

- 
- 

20.060 
- 

<0.001 
<0.001 

- 
- 

0.042 
- 
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Table 6. Cont. 

Univariable Linear Models a 

Model 1 
Multivariable Linear Models b 

Model 2 c 
R2 

Model 3 d 

R2 R2 B SE RMSE CV • p-Value B SE RMSE p-Value B SE RMSE p-Value β β β 

Push-ups (rpm) 
Sit-ups (rpm) 

0.455 
0.525 

0.087 
0.118 

0.291 
0.250 

0.84 
0.063 

20.658 
24.533 

−1.9 
5.7 

<0.001 
0.013 

0.266 
0.271 

0.098 
0.130 

0.170 
0.129 

0.128 
0.116 

20.212 
24.274 

0.007 
0.007 

0.251 
0.270 

0.097 
0.127 

0.161 
0.129 

0.166 
0.142 

- 
20.082 

0.010 
0.035 

Dependent variable: RMSSD 
abV˙ O2max (L·min) 
relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 

46.006 
1.956 
0.115 
0.068 
0.432 
0.447 
0.441 
−0.066 

4.486 
0.209 
0.084 
0.051 
0.104 
0.14 

0.159 
0.151 

0.508 
0.473 
508 

0.022 
0.106 
0.077 
0.235 
0.182 

0.259 
0.225 
0.006 
0.006 
0.056 
0.033 
0.025 
0.001 

21.795 
22.294 
25.267 
25.317 
25.205 
25.235 
24.533 
24.958 

19.6 
−10.6 
−1.3 
−0.3 
−2.4 
−3.4 
−14.9 
−6.0 

<0.001 
<0.001 
0.173 
0.184 

<0.001 
0.002 

<0.001 
0.664 

43.592 
2.049 

- 
- 

0.278 
0.015 
0.266 

- 

4.816 
0.255 

- 
- 

0.185 
0.056 
0.118 

- 

0.482 
0.516 

- 
- 

0.098 
0.017 
0.016 

- 

0.269 
0.234 

- 
- 

0.070 
0.063 
0.082 

- 

21.719 
22.239 

<0.001 
<0.001 

- 
- 

0.134 
0.788 
0.025 

- 

46.728 
2.307 

- 
- 
- 
- 

0.243 
- 

5.124 
0.257 

- 
- 
- 
- 

0.116 
- 

0.516 
0.559 

- 
- 
- 
- 

0.133 
- 

0.301 
0.296 

- 
- 
- 
- 

0.118 
- 

21.834 
22.408 

- 
- 
- 
- 

23.893 
- 

<0.001 
<0.001 

- 
- 
- 
- 

0.037 
- 

24.521 
24.579 
24.274 

Dependent variable: low-frequency 
abV˙ O2max (L·min) 
relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 

0.011 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
4.332 

0.005 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.123 
0.217 
0.070 
0.081 
0.054 
0.204 
0.225 
0.147 

0.123 
0.047 
0.005 
0.042 
0.05 

0.022 
0.005 
0.000 

0.026 
0.025 
0.026 
0.026 
0.026 
0.025 
0.025 
0.025 

0.5 
6.7 
−2.1 
−2.8 
−1.3 
−7.2 
−6.0 
−0.6 

0.032 
<0.001 
0.227 
0.160 
0.353 

<0.001 
0.236 
0.977 

0.001 
0.001 

- 
- 
- 

0.000 
- 
- 

0.005 
0.000 

- 
- 
- 

0.000 
- 
- 

0.016 
0.124 

- 
- 
- 

0.127 
- 
- 

0.087 
0.097 

- 
- 
- 

0.094 
- 
- 

0.025 
0.025 

0.792 
0.065 

- 
- 
- 

0.041 
- 
- 

- 
- 
- 
- 
- 

0.000 
- 
- 

- 
- 
- 
- 
- 

0.000 
- 
- 

- 
- 
- 
- 
- 

0.118 
- 
- 

- 
- 
- 
- 
- 

0.101 
- 
- 

- 
- 
- 
- 
- 

0.025 
- 
- 

- 
- 
- 
- 
- 

0.073 
- 
- 

0.025 

Dependent variable: high-frequency 
abV˙ O2max (L·min) 
relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 
Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 

−0.015 
0.001 
−0.001 
0.000 
−2.858 
0.000 
0.000 
−0.001 

0.013 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

−0.066 
0.122 
−0.152 
−0.154 
−0.141 
−0.177 
−0.005 
0.015 

0.004 
0.015 
0.023 
0.031 
0.000 
0.031 
0.002 
0.022 

0.063 
0.062 
0.062 
0.062 
0.062 
0.061 
0.062 
0.062 

−2.6 
8.7 
−0.5 
0.6 
−1.5 
1.8 
−5.6 
−14.5 

0.251 
0.033 
0.008 
0.002 
0.914 
0.002 
0.495 

<0.001 

- 
0.002 
0.000 
−0.001 

- 
0.000 

- 
0.000 

- 
0.001 
0.000 
0.000 

- 
0.000 

- 
0.000 

- 
0.163 
−0.125 
−0.126 

- 
−0.163 

- 
0.031 

- 
0.032 
0.026 
0.027 

- 
0.035 

- 
0.016 

- 
0.019 
0.066 
0.057 

- 
0.014 

- 
0.640 

- 
0.002 

- 
- 
- 

0.000 
- 
- 

- 
0.001 

- 
- 
- 

0.000 
- 
- 

- 
0.163 

- 
- 
- 

−0.192 
- 
- 

- 
0.042 

- 
- 
- 

0.056 
- 
- 

- 
0.027 

- 
- 
- 

0.005 
- 
- 

0.062 
0.062 
0.062 

0.062 
- 
- 
- 

0.062 
- 
- 

0.062 

0.062 

Dependent variable: low/high-frequency ratio 
abV˙ O2max (L·min) 

relV˙ O2max (mL·kg·min) 
Grip strength (kg) 
Right grip strength (kg) 
Left grip strength (kg) 

−2.914 
−0.191 
0.016 
0.010 
0.027 

0.862 −0.191 
−0.276 
0.064 
0.068 
0.056 

0.037 
0.076 
0.004 
0.004 
0.015 

4.159 
4.073 
4.243 
4.240 
4.244 

−0.3 
6.4 
0.7 
0.5 
0.6 

<0.001 
<0.001 
0.265 
0.265 
0.332 

−3.045 
−0.210 

- 
- 
- 

0.923 
0.047 

- 
- 
- 

−0.200 
−0.305 

- 
- 
- 

0.055 
0.083 

- 
- 
- 

4.133 
4.072 

0.001 
<0.001 

- 
- 
- 

−3.880 
−0.209 

- 
- 
- 

0.992 
0.049 

- 
- 
- 

−0.254 
−0.303 

- 
- 
- 

0.083 
0.092 

- 
- 
- 

4.092 
4.072 

- 
- 
- 

<0.001 
<0.001 

- 
- 
- 

0.038 
0.014 
0.009 
0.018 
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Table 6. Cont. 

Univariable Linear Models a 

Model 1 
Multivariable Linear Models b 

Model 2 c 
R2 

Model 3 d 

R2 R2 B SE RMSE CV • p-Value B SE RMSE p-Value B SE RMSE p-Value β β β 

Leg strength (kg) 
Push-ups (rpm) 
Sit-ups (rpm) 

−0.014  0.024 
−0.038  0.018 
−0.014  0.024 

0.065 0.001 
−0.123  0.015 
−0.033  0.001 

4.247 
4.221 
4.217 

0.4 
−6.1 
−5.9 

0.565 
0.034 
0.565 

- 
−0.035 

- 

- 
0.021 

- 

- - - 
0.086 

- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

−0.114  0.029 4.205 
- - 

Note: Bold indicates statistical significance <0.05. CVHI—cardiovascular health index; V˙ O2max—oxygen consumption; L·min—litres per min; mL·kg·min—millilitres per kilogram 
per minute; mmol·L—millimole per litre; mmHg—millimetres mercury; kg—kilogram; cm—centimetres; rpm—repetitions per minute; SDNN—standard deviation of N-N intervals; 
RMSSD—root mean square of successive differences between normal heartbeats; a—univariable linear regression; b—multivariable analysis; c—adjusted for age and sex; d—covariates 
adjusted for age, sex, weekly METs and height. B—unstandardised beta coefficients; β—standardised beta coefficient; SE—standard error; R2—R squared; RMSE—root mean square 

error; CV—cross-validation; •—percentage difference for R2 between training and testing data. 

Table 7. LASSO-derived multivariable linear regression coefficients to discern key physical fitness parameters most associated with CVH in firefighters. 

LASSO Coefficients 

Physical Fitness 

abV̇ O2max relV  ̇O2max Prediction Estimate RMSE GS LS PU SU SaR LBM 

Systolic blood pressure 
Diastolic blood pressure 
Non-fasting blood glucose 
Total cholesterol 
Low-density lipoprotein cholesterol 
High-density lipoprotein cholesterol 
Triglycerides 
MET minutes 
Cardiovascular health index 

0.905 
0.903 
0.954 
0.965 
0.989 
0.894 
0.871 
0.993 
0.942 

0.923 
0.930 
0.969 
0.602 
0.996 
0.930 
0.901 
0.999 
0.958 

0.941 
0.951 
0.978 
0.986 
1.000 
0.804 
0.936 
1.000 
0.992 

- 
- 

−0.001 
- 
- 

−0.062 
- 
- 
- 

−0.086 
−0.172 
−0.100 
−0.064 
0.004 
0.148 
−0.184 

- 
0.64 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

−0.134 
- 

0.007 

- 
- 
- 
- 
- 

0.067 
- 
- 
- 

- 
−0.007 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

0.085 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

HRV 
SDNN 
RMSSD 
LF 
HF 
LF/HF ratio 

0.635 
0.476 
0.518 
0.984 
0.995 
0.911 

0.649 
0.479 
0.527 
0.998 
0.999 
0.943 

0.791 
0.686 
0.715 
0.987 
0.994 
0.948 

0.437 
0.457 
0.438 

- 
- 

−0.089 

0.213 
0.397 
0.372 

- 
- 

−0.150 

- 
- 
- 
- 
- 
- 

−0.003 
- 
- 

0.013 
−0.004 

- 

- 
- 
- 

0.028 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

Note: RMSE—root-mean-square error; abCRF—absolute cardiorespiratory fitness; relCRF—relative cardiorespiratory fitness; GS—grip strength; LS—leg strength; PU—push-ups; 
SU—sit-ups; SaR—sit-and-reach; LBM—lean body mass; “-“—indicates coefficients of zero; HRV—heart rate variability; SDNN—standard deviation of N-N intervals; RMSSD—root 
mean square of successive differences between normal heartbeats; LF—low frequency; HF—high frequency; LF/HF ratio—low-frequency/high-frequency ratio. 
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4. Discussion 

The results of this present study indicated that higher cardiorespiratory fitness, mus- 
cular strength and endurance, and body composition were associated with CVH status, 

particularly, blood pressure, and blood lipid concentrations in firefighters. In addition, 
age and obesity were inversely related to all measures of physical fitness in firefighters. 
Firefighters with higher cardiorespiratory fitness had a better HRV. Moreover, after LASSO 

regression was performed, relative cardiorespiratory fitness was the most significant indi- 
cator of better overall CVH in firefighters. The results support earlier research that found 

a relationship between physical fitness and CVH [30–32]. Moreover, physical fitness and 
CVH were modestly associated, where a decrease in one, may, present as a decline in the 
other. This becomes more prominent as firefighters age, which has been associated with a 

reduction in both physical fitness and CVH in firefighters [30–32]. The results are consistent 
with previous studies that indicated that aged and obese firefighters are more likely to have 

poor levels of physical fitness, and firefighters with higher levels of physical fitness had 
more favourable CVH parameters, such as body composition, blood pressure, blood lipid, 

and blood glucose concentrations [30–33]. 
The current results found that physical fitness was inversely associated with cholesterol 

concentrations and blood pressure. This is supported by previous studies, where it had 

been reported that HDL-C, SBP, and DBP were significantly associated with most measures 
of physical fitness [51–55]. The opposite holds true as well, as improvements in physical 

fitness would improve overall cardiovascular health, which has been shown in previous 
studies [7,30–32]. This relationship between physical fitness and CVH may be bidirectional 

and suggests that physical fitness influences CVH and, in turn, CVH influences physical 
fitness [51,52,55]. This is seen in the present results, where, collectively, increased adiposity 
and blood pressure and worsened blood cholesterol concentrations were most likely to be 

attributed to lower levels of physical fitness in firefighters. These observations are supported 
by a recently published systematic review, which indicated that adiposity, blood pressure, and 

cholesterol concentrations were bi-directionally associated with physical fitness [56]. 
The results indicated that relVO2max and abVO2max were significantly and negatively 

associated with blood pressure, NFBG, lipid profile, Framingham risk score, and CVHI. In 
addition, LASSO results indicated that relVO2max was consistently a key indicator of good 

CVH parameters in firefighters. This is consistent with previous studies, which showed that 
firefighters with higher cardiorespiratory fitness levels had better overall cardiovascular health 

compared to less fit firefighters [7,30,31]. Regular physical activity is a prerequisite to im- 
proving cardiorespiratory fitness. Moreover, DeFina et al. [57] reported that cardiorespiratory 
fitness was a reliable marker of cardiovascular health and functioning, indicating good oxygen 

transport and absorption. This suggests that firefighters with favourable cardiorespiratory 
fitness had better cardiovascular functioning, which is shown by a favourable CVHI and risk 

profile. The added benefits of regular physical activity would be the positive effect exercise 
has on blood pressure, blood glucose and lipid concentrations, especially associated with 
reductions in LDL-C and increases in HDL-C [30,31,34]. 

We found that grip strength was significantly and negatively associated with HDL-C. 
Leg strength was significantly associated with SBP, HDL-C, triglycerides, and weekly MET 

minutes. After adjustment for covariates, leg strength remained significantly associated 
with SBP, HDL-C, and MET minute. In addition, leg strength remained a significant indica- 

tor for HDL-C and weekly MET minutes. Gubelmann et al. [54] noted that grip strength 
was significantly correlated with blood pressure, LDL-C, triglycerides, and blood glucose. 
Although grip strength was only associated with HDL-C in this current study, leg strength 

reported similar associations as Gubelmann et al. [54]. Similarly, Yamada et al. [58] reported 
that grip strength was significantly correlated with HDL-C. Carter et al. [59] found that 

resistance training reduced arterial blood pressure in healthy adults. This was supported by 
a study that reported in hypertensive older adults, strength training normalised their blood 
pressure [60]. Singh et al. [61] reported that leg strength was associated with cardiovascular 
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disease mortality. This suggests that maintaining strength levels in adults may have a 
positive effect on all cardiovascular parameters, which is particularly important for fire- 

fighters, given the physically strenuous nature of their occupations [1]. Studies indicated 
that firefighters that participated in regular physical activity were significantly stronger 

than those who were sedentary or participated in lower levels of physical activity [2,62,63]. 

Push-ups and sit-ups were significantly and inversely associated with SBP, DBP, NFBG, 
TC, triglycerides, Framingham risk score, and CVHI and positively associated with weekly 

MET minutes. Moreover, in the LASSO analysis, push-ups remained a key indicator of 
HDL-C, and sit-ups remained a key indicator of DBP. Lin et al. [53] reported that push-up 
capacity was significantly associated with average variability in SBP, but push-ups were 

not significantly associated with any measures of blood pressure in military personnel. 
This is supported by Vaara et al. [51], who reported that muscular endurance was associ- 

ated with triglycerides, LDL-C, glucose, blood pressure, and HDL-C. Similarly, Shina and 
Ha [52] reported that sit-ups were significantly correlated to SBP and DBP. Yang et al. [55] 

reported that push-up capacity was significantly related to future cardiovascular events in 
male firefighters, supporting that firefighters that focused on increasing their muscular 
stamina may have an improved CVH. Firefighters that have higher levels of muscular 

endurance are likely, to participate in regular physical activity that is of moderate inten- 
sity [16,34], contributing to higher muscular endurance and better cardiovascular health 

status. Nonetheless, higher muscular endurance seems to be a good marker of better 
cardiovascular health in firefighters. 

We found that age and obesity had significant linear and negative associations of all 

measures of physical fitness, except grip strength, and remained significant after adjustment of 
covariates. This was reported to be similar among previous studies, where it was consistently 

reported that all measures of physical fitness decreased as firefighters aged and fat mass 
increased [24,25,29,64]. Moreover, overeating while on duty and physical inactivity may 

compound this issue, as physical fitness is essential in maintaining body composition, muscu- 
loskeletal health, muscular strength and endurance, especially as firefighters age [16,34,65]. 
Ageing has been associated with a progressive decrease in muscle mass and bone mineral den- 

sity, which has a negative effect on physical fitness in firefighters [25,29,66]. This is supported 
by studies which reported muscular endurance and force production decreased as firefighters 

aged [25,67], explaining why, in this current study, aged firefighters performed significantly 
worse on all physical fitness tests. Furthermore, a progressive decrease in vascular elastic- 
ity increases blood pressure, therefore, the afterload that the heart is required to overcome, 

ultimately negatively affecting cardiac output and reducing cardiovascular fitness [68–70]. 
Obesity compounds this for all aspects of physical fitness, as it increases the non-functional 

mass firefighters are required to carry [70,71]. This places an additional strain on the car- 
diorespiratory system, reducing cardiac output [72]. Similarly, increased fat mass increases 

the amount of weight firefighters are required to move during bodyweight movements, such 
as push-ups and sit-ups [25,73]. This was seen in the tests for lower body strength as well, 
where firefighters that had a higher BMI and BF% had a lower level of leg strength. Obese 

firefighters, or those with higher fat mass, force them to overcome more non-functional mass, 
reducing their absolute leg strength [25,64]. 

The results showed that HRV, SDNN, RMSSD, and LF/HF ratio were significantly 

associated with cardiorespiratory fitness, muscular strength, and endurance in firefighters. 
In addition, leg strength, push-ups, and sit-ups were significant indicators in the LASSO 
regression of HRV, LF, and HF in firefighters. Porto et al. [74] found that RMSSD and 

LF/HF ratio were significantly related to cardiorespiratory fitness in firefighters. In contrast, 
Lesniak et al. [75] found that there were no measures of HRV that were significantly related 

to cardiorespiratory fitness in firefighters. However, the study noted that LF, HF, and LF/HF 
ratio were significantly related to deadlift strength in firefighters. Grant et al. [76] reported 
that HRV, RMSSD, and LF significantly improved after military personnel engaged in an 

exercise intervention. Engaging in regular physical activity may promote parasympathetic 
dominance and decrease sympathetic cardiac control, significantly improving cardiac 
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functioning in firefighters [50,74,76]. Firefighters who have higher cardiorespiratory fitness 
may have a lower heart rate, thus, higher variability in their normal-to-normal intervals, 

increasing their HRV metrics [50,75,77]. Moreover, firefighters with better HRV indices 
are likely fitter, stronger, and less stressed than those with worse HRV indices [50,74,77]. 
These findings highlight the potential use of measures such as HRV to assess the CVH, 

cardiorespiratory functioning, and stress states of firefighters; however, more studies are 
needed in this area. 

Strengths and Limitations 

This was the first study investigating the association between physical fitness and 

cardiovascular health in firefighters in the CoCTFRS. The measures for physical fitness and 
cardiovascular health were objectively measured by trained researchers using standardised 

and validated instruments [34]. Furthermore, this paper adds novel information on physical 
fitness and CVH in firefighters in an area that is understudied, particularly in a South 
African context. There are, however, several limitations of this present study. First, the 

cross-sectional study design limits our ability to infer causal relationships. Secondly, female 
firefighters were under-represented, limiting the generalizability of our results to the female 

firefighter population. Lastly, cardiorespiratory fitness was measured using a non-exercise 
estimation, not using lab or field testing. 

5. Conclusions 

This present study provides evidence that multiple components of physical fitness 
and cardiovascular health are significantly associated with this population of firefighters. 
Overall, cardiorespiratory fitness, muscular strength, and endurance were significantly 
related to a better overall cardiovascular health profile. However, cardiorespiratory fitness 

may be the key physical fitness parameter to ensure good CVH in firefighters. Moreover, 
aged and obese firefighters have the poorest overall level of physical fitness and CVH. 

Ageing, accumulated body fat, and physical inactivity likely serve as catalysts that lead to 
an increase in body fat and a decline in physical fitness and, subsequently, a reduction in 

CVH. This study adds novel research results into a scarcely studied research area, 
especially in a South African context and highlights the importance of physical fitness in 
maintaining cardiovascular health and vice versa. In particular, the impact of ageing and 

obesity on physical fitness and all measures of physical fitness on CVH among firefighters 
is highlighted. Implementing regular physical activity, with a combination of aerobic and 

resistance training, may improve and maintain the cardiovascular health and well-being of 
firefighters, which is increasingly important as firefighters age. 

Recommendations 

Intervention studies are warranted to examine the effect of maintenance or the im- 

provement of key physical fitness parameters on cardiovascular health. A more rep- 
resentative sample of female firefighters should be included to assess the validity and 

generalizability of study findings to the entire population of firefighters in the CoCTFRS. 
In addition, a larger sample to increase the strength of the analysis and model prediction 

accuracy is warranted. 
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Introduction: Firefighters are often placed in situations that require high levels of 

physical exertion, leading to significant strain on firefighters’ musculoskeletal 

system, predisposing them to musculoskeletal discomfort (MSD) and/or 

musculoskeletal injury (MSI). Physical fitness programs are often recommended 

and justified, in part, to prevent injuries. The aim of this study was to determine the 

association between physical fitness and musculoskeletal health (MSH) in 

firefighters. 

Methods: A total of 308 full-time firefighters took part in the study conducted in 

Cape Town, South Africa. Physical fitness tests encompassed a non-exercise 

estimation for cardiorespiratory fitness, grip and leg strength for upper and lower 

body strength, push-ups and sit-ups for muscular endurance, and sit-and-reach 

for flexibility. The Nordic Musculoskeletal Questionnaire and Cornell 

Musculoskeletal Discomfort Questionnaire were used to determine MSIs and 

MSD, respectively. A p-value <0.05 indicated statistical significance. 

Results: Every one-unit increase in AbVO2max, push-ups, sit-ups, and sit-and- 

reach decreased the odds of firefighters reporting MSIs by 5% (p = 0.005), 3% (p = 

0.017), 3% (p = 0.006), and 3% (p = 0.034), respectively. Every one repetition 

increase in push-up capacity increased the odds of firefighters reporting neck, 

elbow and forearm, wrist and hand, and thigh discomfort by 3% (p = 0.039), 4% 

(p = 0.031), 5% (p = 0.002), and 5%` (p = 0.007), respectively. Every one repetition 

increase in sit-up capacity increased the odds of firefighters reporting upper back 

discomfort and thigh discomfort by 5% (p = 0.045) and 7% (p = 0.013), respectively. 

Conclusion: Maintenance of physical fitness is likely beneficial in reducing MSIs, 

which, however, may increase the feeling of MSD in firefighters. In addition, it may 

be noticed that there is an ideal level of physical fitness that is conducive to the 

reduction of MSIs and should be studied further. 
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1 Introduction Physical fitness has been related to lower the incidence of 

musculoskeletal injuries (MSIs) in firefighters (Poplin et al., 2013; 

Poplin et al., 2016). Systematic reviews support the aforementioned 

finding, where it has been reported that cardiorespiratory fitness, muscle 

strength, muscular endurance, and flexibility were significantly related 

to reduction in injuries (de la Motte et al., 2017; Lisman et al., 2017; de la 

Motte et al., 2019). On the other hand, high weekly duty workloads may 

be related to insufficient time for recovery among firefighters (Vaulerin 

et al., 2016; Ras et al., 2022a; Ras and Leach, 2022). Monitoring of overall 

workload may allow fire departments to adjust the level of total physical 

activity firefighters are engaged in, either occupational activity or 

recreational activity, adjusting the workload to allow for more time 

for rest and recovery, thus reducing the likelihood of overload-related 

musculoskeletal discomfort (MSD) and/or MSIs (Yu et al., 2015; Bustos 

et al., 2022; Giuliani-Dewig et al., 2022). It is plausible that higher 

physical fitness would relate to lower feelings of MSD and pain in 

firefighters (Azmi and Masuri, 2019; Kodom-Wiredu, 2019; Nazari 

et al., 2020a). However, it is also possible that higher levels of physical 

Firefighting is globally acknowledged to be a dangerous 

occupation, routinely placing firefighters in hazardous situations 

that often require high levels of physical exertion, such as fire 

suppression, victim rescue, and door breaches (Smith et al., 2013; 

Smith et al., 2019). These workplace stressors place firefighters at 

high risk for sustaining serious and, sometimes, career-ending 

injuries (Poston et al., 2011; Orr et al., 2019). In addition, 

firefighters are regularly exposed to hazardous chemicals and 

fumes and high temperatures (Frost et al., 2015a; Smith et al., 2019; 

Nazari et al., 2020a). Due to the hazards of the profession, 

firefighters are required to wear heavy and insulated personal 

protective equipment (PPE) that places additional strain on an 

already burdened musculoskeletal system (Smith et al., 2013; Smith 

et al., 2016). As a consequence of the physically exhaustive nature 

of the profession, which often challenges their abilities to perform 

their work safely, fire departments have recommended firefighters 

to engage in regular and structured physical activity to manage these 

various stressors and workplace hazards (Poplin et al., 2013; Poplin 

et al., 2016; Nowak et al., 2018). 

fitness may cause firefighters to exert themselves more vigorously 

during emergency operations, thereby triggering workload-related 

feeling of MSD and chronic pain, and this may be exacerbated by 

repetitive movements (Rintala et al., 2015). Higher physical fitness has 

been shown to be related to improved occupational performance in 

firefighters, and it is logical to assume that increased levels of physical 

activity and physical fitness would also provide an additional benefit of 

better musculoskeletal health (MSH) (Ras et al., 2022a; Ras et al., 

2022b). 

It has been reported that firefighters in South Africa have high 

workloads while on duty, while many firefighters are physically 

inactive during their leisure time (Ras and Leach, 2022). However, 

there are firefighters in South Africa who are remarkably physically 

active both on-duty and off-duty (Ras et al., 2022c; Ras and Leach, 

2022), which could place this population at an increased risk of 

reporting MSD or sustaining MSIs while on duty. It is plausible that 

firefighters who engage in high levels of duty-related physical activity, 

but are insufficiently active in their leisure time, (Frost et al., 2015a; 

Poplin et al., 2016) and those who engage in high levels of both duty- 

related physical activity and leisure time physical activity could be 

equally predisposed to MSIs (Vaulerin et al., 2016; Ras and Leach, 

2022), possibly due to the mismatch between physical fitness and job 

tasks, and also due to overload of the musculoskeletal system. There 

has been insufficient research on the association between physical 

fitness and MSH in firefighters, particularly in South Africa. The 

South African Fire and Rescue Services policy on physical fitness is 

devoid of established guidelines requiring firefighters to remain 

physically active or maintain a fitness standard, perhaps, in part, 

due to the lack of research on this population. Therefore, the aim of 

this study was to determine the association between physical fitness 

and MSH (MSIs and MSD) in firefighters in the City of Cape Town 

Fire and Rescue Service (CoCTFRS). 

Frost et al. (2015a) reported that injuries occurring at the fire 

station (37.9%), during physical training (26.6%), during fire 

emergencies (14.7%), and non-fire emergencies (12.1%) were the 

most frequent ones. In addition, injuries and injury-related 

absenteeism are costly to fire departments and municipalities 

(Poston et al., 2011). Furthermore, a study reported that only 1%– 

5% of duty time was spent in fire suppression activities (Kales et al., 

2007). However, injuries of higher severity occurred more frequently 

on the fireground (Poplin et al., 2012). Moreover, higher total number 

of hours worked by firefighters showed a higher incidence rate of 

injuries (Poplin et al., 2012). To perform their duties aptly, firefighters 

are required to maintain all aspects of physical fitness (Williford et al., 

1999; Rhea et al., 2004; Michaelides et al., 2008; Chizewski et al., 2021), 

often through occupational specific exercise interventions (Andrews 

et al., 2019; Chizewski et al., 2021). Previous studies have indicated 

that a linear relationship existed between physical fitness and work 

performance (Williford et al., 1999; Rhea et al., 2004; Chizewski et al., 

2021). Injury incidence has been related to increasing age and more 

years of experience as firefighters (Hong et al., 2012; Frost et al., 2016; 

Yoon et al., 2016). Studies have shown that firefighters tend to become 

less active as they age and, along with the attrition of the 

musculoskeletal system, which is associated with both an increase 

in age and years of experience, as a product of their work, are 

significantly predisposed to injuries (Hong et al., 2012; Frost et al., 

2015a; Yu et al., 2015). Injuries, particularly moderate-to-severe 

injuries, result in substantial loss of time from work and, due to 

medical expenses, become costly to fire departments (Poston et al., 

2011; Frost et al., 2016). To reduce the incidence of injuries, it is 

suggested that firefighters remain physically active in their leisure time 

or when off-duty (Poplin et al., 2013; Frost et al., 2015a; Nowak et al., 

2018), and many fire departments schedule prescribed exercise 

programs when firefighters are on duty (Vaulerin et al., 2016), 

though studies have shown that higher overload in workload may 

predispose firefighters to injury (Vaulerin et al., 2016; Ras and Leach, 

2022). This suggests that monitoring the overall weekly workload may 

2 Methods 

2.1. Study design and population 

be beneficial for firefighters, given the physical 

occupation (Poplin et al., 2013; Yu et al., 2015). 

This cross-sectional study recruited 308 firefighters from the 

CoCTFRS between June and August 2022. Physical testing was used 

nature of their 
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TABLE 1 Physical fitness parameters, musculoskeletal disorders, and musculoskeletal injuries according to age groups in firefighters. 

(Continued on following page) 
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Age group p 

 

 

 
Age 

 

 
Sex 

 

 
BMI 

 

 
TWMETM 20–29 30–39 40–49 50+ 

N X-±SD N X-±SD N X-±SD N X-±SD r rpb r r 

Height (cm) 72 173.1 ± 7.4 95 173.1 ± 7.6 83 171.3 ± 8.2 58 174.7 ± 7.4 0.067 — — — — 

Weight (kg) 72 76.7 ± 12.5 95 80.6 ± 15.2 83 84.2 ± 14.3 58 91.1 ± 14.8 <0.001** — — — — 

Body mass index (kgm-2) 72 25.5 ± 3.6 95 26.9 ± 4.9 83 28.7 ± 4.5 58 29.5 ± 4.7 <0.001** — — — — 

Weekly MET minutes 72 3972.2 ± 2887.7 95 3224.7 ± 2955.3 83 2564.1 ± 2624.6 58 2759.9 ± 2756.7 0.014* — — — — 

abVO2max (L•min) 72 3.5 ± 0.3 95 3.5 ± 0.3 83 3.3 ± 0.2 58 3.3 ± 0.3 <0.001** −0.342** 0.138* 0.440** 0.172** 

relVO2max (mL•kg•min) 72 46.8 ± 5.0 95 43.8 ± 5.7 83 40.4 ± 5.1 58 37.0 ± 4.1 <0.001** −0.522** −0.185** −0.782** 0.102 

Grip strength (kg) 72 89.6 ± 17.5 95 89.6 ± 17.5 82 84.8 ± 18.8 56 89.9±12.3 0.008** −0.079 0.526** 0.016 0.024 

Right grip strength (kg) 72 45.3 ± 9.0 95 47.3 ± 9.4 82 42.2 ± 9.9 56 45.7 ± 6.4 0.003** −0.079 0.499** 0.043 0.051 

Left grip strength (kg) 72 44.3 ± 8.9 95 46.6 ± 9.4 82 42.6 ± 9.4 56 44.2 ± 6.7 0.026* −0.081 0.522** 0.030 0.039 

Leg strength (kg) 72 124.1 ± 29.2 95 121.2 ± 27.8 82 106.4 ± 28.4 56 111.7 ± 28.8 <0.001** −0.221** 0.406** 0.130* 0.225** 

Push-ups (rpm) 72 38.9 ± 10.5 95 33.7 ± 11.9 82 27.5 ± 15.0 56 20.2 ± 9.9 <0.001** −0.482** 0.099 −0.293** 0.138* 

Sit-ups (rpm) 72 33.9 ± 6.9 95 30.9 ± 8.8 82 25.7 ± 11.3 56 20.5 ± 9.4 <0.001** −0.450** 0.071 −0.375** 0.073 

Sit-and-reach (cm) 72 45.6 ± 8.2 95 42.5 ± 9.3 82 43.6 ± 8.8 56 38.9 ± 9.4 <0.001** −0.208** −0.184** −0.250** 0.116* 

Lean body mass (kg) 72 58.6 ± 8.2 95 59.3 ± 9.5 83 60.4 ± 10.1 57 64.6 ± 9.9 0.002** −0.163** 0.534** 0.333** 0.050 

 
Sex 

   
p 

 

    

 

 
N 

Males 
 

 
N 

Females 
 

X-± S   D X-± S    D 

Height (cm) 275 174.3 ± 6.5 34 161.7 ± 7.4 — — — — <0.001** — — — — 

Weight (kg) 275 83.3 ± 14.2 34 75.8 ± 18.8 — — — — 0.005** — — — — 

Body mass index (kgm-2) 275 27.4 ± 4.4 34 28.9 ± 6.4 — — — — 0.064 — — — — 

Weekly MET minutes 275 3141.9 ± 2859.4 34 2991.2 ± 2800.9 — — — — 0.772 — — — — 

abVO2max (L•min) 275 3.4 ± 0.3 34 3.3 ± 0.3 — — — — 0.014* — — — — 

relVO2max (mL•kg•min) 275 41.9 ± 5.9 34 45.1 ± 7.4 — — — — 0.005** — — — — 

Grip strength (kg) 270 92.9 ± 15.4 34 64.6 ± 12.0 — — — — <0.001** — — — — 

Right grip strength (kg) 270 46.7 ± 8.2 34 32.7 ± 6.3 — — — — <0.001** — — — — 
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TABLE 1 (Continued) Physical fitness parameters, musculoskeletal disorders, and musculoskeletal injuries according to age groups in firefighters. 

Note: * indicates statistical significance <0.05 and ** indicates statistical significance <0.01. 

Correlations between physical fitness parameters and musculoskeletal health and age, sex, body mass index, and weekly MET minutes. 

kg•m-2—kilogram per meter squared; L•min—liters per minute; mL•kg•min—milliliters per minute; kg—kilogram; rpm—repetitions per minute; X-—mean; SD—standard deviation; p—significance level; %—percentage; r—Pearson’s correlation.; BMI—body mass 

index; TWMETM—total weekly metabolic equivalent minutes; ANOVA—indicates analysis of variance; §—indicates Chi-squared; rpb—point biserial correlation coefficient; rτ—Kendall’s tau coefficient. 
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Age group p 

 

 

 
Age 

 

 
Sex 

 

 
BMI 

 

 
TWMETM 20–29 30–39 40–49 50+ 

N X-±SD N X-±SD N X-±SD N X-±SD r rpb r r 

Left grip strength (kg) 270 46.1 ± 7.9 34 31.9 ± 6.1 — — — — <0.001** — — — — 

Leg strength (kg) 270 120.6 ± 26.9 34 82.0 ± 23.9 — — — — <0.001** — — — — 

Push-ups (rpm) 270 31.4 ± 14.3 34 26.7 ± 10.1 — — — — 0.105 — — — — 

Sit-ups (rpm) 270 28.4 ± 10.4 34 25.9 ± 9.9 — — — — 0.140 — — — — 

Sit-and-reach (cm) 270 42.3 ± 9.1 34 25.9 ± 9.9 — — — — 0.006** — — — — 

Lean body mass (kg) 275 62.4 ± 8.1 34 43.8 ± 5.7 — — — — <0.001** — — — — 

Musculoskeletal health N % N % N % N % p § rpb rpb rpb rpb 

Musculoskeletal injury 19 14.6 39 31.0 41 31.5 31 23.8 0.008** 0.167* 0.119* 0.191* -0.029 

Upper limb 5 8.1 20 32.3 23 37.1 14 22.6 0.010* 0.149* 0.006 0.124* 0.033 

Lower body 14 18.9 18 24.3 23 31.1 19 25.7 0.148 0.078 0.118* 0.137* −0.019 

Shoulder 1 5.9 4 23.5 6 35.3 6 35.3 0.124 0.132* 0.023 153* −0.064 

Lower back 1 4.2 10 41.7 8 33.3 5 20.8 0.139 0.080 0.015 0.082 −0.011 

Ankle and foot 5 12.8 9 23.1 16 41.0 9 23.1 0.079 0.121* -0.115* 0.154* −0.026 

Musculoskeletal discomfort 27 20.8 39 30.0 39 30.0 25 19.2 0.671 0.025 0.093 0.062 −0.015 

Neck 6 18.2 11 33.3 11 33.3 5 15.2 0.727 0.014 0.002 −0.008 −0.026 

Shoulder 6 14.3 16 38.1 12 28.6 8 19.0 0.471 0.042 0.105 −0.024 −0.028 

Upper back 8 33.3 6 25.0 9 37.5 1 4.2 0.140 −0.071 −0.031 −0.083 0.010 

Elbow 5 21.7 5 21.7 8 34.8 5 21.7 0.701 0.022 0.056 −0.034 0.029 

Wrist and hand 5 16.1 10 32.3 13 41.9 3 9.7 0.157 −0.001 0.031 −0.004 0.098 

Lower back 11 15.5 22 31.0 25 35.2 13 18.3 0.186 0.068 -0.014 0.135* −0.007 

Hip 4 21.1 6 31.6 6 31.6 3 15.8 0.959 0.005 −0.011 −0.061 −0.011 

Thigh 4 22.2 5 27.8 7 38.9 2 11.1 0.636 −0.013 0.086 −0.027 −0.005 

Ankle and foot 6 20.7 10 34.5 8 27.6 5 17.2 0.967 −0.002 −0.016 0.036 0.073 
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to acquire information on physical fitness (cardiorespiratory fitness, 

muscular strength and endurance, flexibility, and body 

composition), and a researcher-generated questionnaire, which 

included two validated questionnaires, was used to acquire 

information on MSH (MSIs and MSD). All volunteers for this 

study provided written informed consent before inclusion. Due to 

injury or inability to perform the physical fitness tests, the total 

number of firefighters who completed the physical fitness 

assessment was reduced to 304 for the grip strength, leg strength, 

push-up, sit-up, and sit-and-reach tests. The study was approved by 

the University of the Western Cape Biomedical Research Ethics 

Committee (BM21/10/9) and authorized by the Chief Fire Officer 

and the Department of Policy and Strategy. A detailed description of 

the methods used is available in Ras et al. (2022c). 

VO2max value. The estimated VO2max formula was reported to be 

a moderately correlated predictor of VO2max (r = 0.688, p < 0.001; X-

SD = 3.5420.314 vs. 3.5440.218). This was validated by Sun et al. 

(2022), who noted the formula was reliable in estimating VO2max in 

men (R2 = 0.258; RMSE = 2.657; SEE = 0.051) and women (R2 = 

0.213; RMSE = 2.202; SEE = 0.076), in the general population. 

2.4 Musculoskeletal health measure 

summary 

MSH encompassed MSIs and MSD. For MSIs, the Nordic 

Musculoskeletal Questionnaire (Crawford, 2007; Chairani, 2020) 

was used to acquire information on injuries and their location. The 

Cornell Musculoskeletal Discomfort Questionnaire (Hedge et al., 

1999) was used to assess information on the location of discomfort. 

2.2 Sampling and participant recruitment 

2.5 Physical activity measures Data collection took place at a standardized fire station in the 

metropolitan area of the City of Cape Town during the CoCTFRS’s 

yearly physical fitness evaluation. Every third firefighter from the 

96 platoons (32 fire stations) was selected to participate. Each of the 

96 firefighting platoons was made up of eight–twelve firefighters. All 

full-time firefighters between the ages of 20 and 65 who were on 

active duty during the time of testing were considered. Firefighters 

who were on administrative duty or sick leave, firefighters who were 

removed from active duty due to injury, and those who worked part- 

time or seasonally were disqualified from participating in the study. 

Physical activity was assessed using the International Physical 

Activity Questionnaire (IPAQ) and using the questionnaire converted 

to weekly metabolic equivalent (MET) minutes (Bohlmann et al., 

2001). Using the IPAQ cut-off values for physical activity levels, 

firefighters were further classified into 

included firefighters highly active, which who 

accumulated ≥3000 MET minutes a week of low-, moderate-, 

and vigorous-intensity MET minutes a week or ≥1,500 of 

vigorous-intensity MET minutes, only, a week (Bohlmann et al., 2001). 

Minimally active firefighters were classified as those who accumulated 

≥600 MET minutes of low-, moderate-, and vigorous- intensity MET 

minutes a week. Insufficiently active firefighters were classified as 

those with <600 MET minutes a week (Bohlmann et al., 2001). In 

addition, physical activity was classified into total weekly MET 

minutes, total low-intensity physical activity minutes, total moderate-

intensity physical activity minutes, and total vigorous- intensity 

physical activity minutes. 

2.Ӡ Physical fitness measures summary 

Physical fitness was measured in accordance with the American 

College of Sports Medicine (ACSM) guidelines (Liguori et al., 2021). 

Cardiorespiratory capacity was calculated using a validated non- 

exercise calculation (Rexhepi and Brestovci, 2014; Ras et al., 2022c) 

to estimate oxygen consumption (VO2). The push-up and sit-up 

tests were used to assess muscular endurance; handgrip and leg 

strength tests were used to assess upper and lower body muscle 

strength, respectively; and the sit-and-reach (YMCA sit-and-reach 

protocol (Liguori et al., 2021)) test was used to assess flexibility. Body 

mass and lean body mass (LBM) were used as a measure for body 

composition and assessed using a Tanita© (Tanita©, Tokyo, Japan) 

BC-1000 Plus bioelectrical impedance (BIA) analyzer. Briefly, for 

the push-up and sit-up tests, firefighters were required to perform as 

many push-ups and sit-ups within a minute until volitional fatigue 

or failure (Liguori et al., 2021). Grip strength was measured using a 

2.6 Statistical analysis 

The data were analyzed using SPSS® software, version 28 

(Chicago, Illinois, United States). The Shapiro–Wilk test was 

the 

the 

used to determine the 

assumption of normal 

continuous  variables  of 

distribution of the data, 

distribution was retained 

physical fitness and not 

and 

for 

normally 

distributed for measures of physical activity. Continuous variables 

of physical fitness are summarized as means and standard deviations, 

and continuous variables of physical activity are summarized as 

medians and 25th to 75th percentiles. Firefighters were classified into 

the following groups: those with 10-year age intervals, those with 

MSIs or those uninjured and injury location, and those with or 

without discomfort and location of discomfort. Group comparisons 

were based on independent t-tests and analysis of variance (ANOVA) 

for physical fitness parameters, and the Mann–Whitney U test for 

physical activity parameters. For the ANOVA analysis, Bonferroni 

correction was applied. Pearson’s correlation analysis was 

performed to determine the correlation 

Takei® 5401-C handgrip dynamometer and leg strength using a 

Takei® back and leg strength dynamometer, following standardized 

protocols and with three attempts, with the highest value being 

recorded (Liguori et al., 2021). The sit-and-reach test required 

firefighters to reach as forward as far as possible on the ruler of a 

standardized sit-and-reach box. Cardiorespiratory fitness was 

estimated using the non-exercise method, using the following 

formula: oxygen consumption (VO2max) = 3.542 + (−0.014 × Age) 

+ [0.015 × Body Mass (kg)] + (−0.011 × Resting Heart 

Rate) (Rexhepi and Brestovci, 2014). 

(relVO2max) was then calculated from the 

Relative 

generated 

VO2max 

absolute 
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between physical fitness and age, sex [point-biserial correlation (0 = 

males and 1 = females)], body mass index (BMI), and weekly MET 

minutes. Point-biserial correlations were also performed for 

dichotomous measures of MSH and continuous variables of age, BMI, 

and weekly MET minutes. In addition, chi-squared test was used to 

compare MSIs and MSD according to age groups. Univariable and 

multivariable logistic regressions were performed to determine the 

association between MSH parameters, which were treated as the 

outcome/dependent variable, and physical fitness, which designated 

the exploratory/independent variables. As exploratory variables, 

physical fitness was used as a continuous measure of physical fitness 

(abVO2max, relVO2max, grip and leg strength, push-ups, sit-ups, sit-and-

reach, and lean body mass). Selection of exploratory variables used as 

covariates was evidence- based and based on a previous research study 

that consistently reported an association between MSIs and MSD in 

firefighters. Collinearity was assessed using the variance inflation 

factor (VIF) between the exploratory variables used in the adjusted 

models and deemed acceptable with a VIF of <5. In addition, to 

ensure autocorrelation was not present between independent 

variables, a correlation coefficient of <0.8 was used. Due to 

collinearity between age and years of experience, two separate 

multivariable models were used. Attributes adjusted for in model 2 

included age, sex, BMI, and weekly MET minutes, and in model 3, 

years of experience was favored over age. A p-value of <0.05 was used 

to indicate statistical significance. 

Table 3 presents the physical activity levels of firefighters according 

to age, years of experience, BMI, and weekly MET minutes and the 

physical activity level according to MSIs and MSD. Age (p = 0.049) and 

weekly MET minutes (p < 0.001) were significantly different between 

activity levels in firefighters. Firefighters who reported MSIs participated 

in less vigorous-intensity physical activity than those who never 

reported an injury (p = 0.004). Firefighters who reported more upper-

body injures participated in less low-intensity physical activity (p = 

0.044). Firefighters who experienced increased lower back discomfort 

participated in more low-intensity weekly physical activity (p = 

0.002). 

Table 4 describes the MSI information according to physical 

fitness in firefighters. RelVO2max (p = 0.002), push-up (p = 0.008) 

and sit-up (p = 0.005) capacity, and sit-and-reach (p = 0.015) were 

significantly different between firefighters who experienced an MSI. 

Grip strength was significantly different according to the location of 

injury (p = 0.044). RelVO2max (p = 0.002), push-ups (p = 0.009), and 

sit-ups (p = 0.011) were significantly lower in firefighters who 

reported sustaining a shoulder injury. Grip strength (p = 0.021), 

sit-ups (p = 0.022), and sit-and-reach (p = 0.049) were significantly 

lower in firefighters who sustained ankle and foot injuries. 

Table 5 shows MSD and physical fitness parameters at various sites 

in firefighters. Higher levels of cardiorespiratory fitness, muscular 

endurance, and strength were related to firefighters reporting MSD. 

AbVO2max was significantly different between those experiencing MSD 

and those without MSD (p = 0.038). A higher push-up capacity was 

related to neck discomfort (p = 0.019), shoulder discomfort (p = 0.047), 

upper back discomfort (p = 0.036), elbow and forearm discomfort (p = 

0.015), wrist and hand discomfort (p < 0.001), hip discomfort (p = 

0.043), thigh discomfort (p = 0.003), and ankle and foot discomfort (p = 

0.039). Higher sit-up capacity was related to neck discomfort (p = 0.045), 

elbow and forearm discomfort (p = 0.022), wrist and hand discomfort 

(p = 0.027), and thigh discomfort (p = 0.006). Higher sit-and-reach score 

was related to lower neck discomfort (p = 0.029), elbow discomfort (p = 

0.044), and thigh discomfort (p = 0.028). 

Table 6 presents the association between physical fitness and MSIs in 

firefighters. Univariate analysis indicated that a higher abVO2max (p = 

0.005), push-up (p = 0.017) and sit-up capacity (p = 0.006), and sit-and- 

reach (p = 0.034) were negatively associated with firefighters reporting 

MSIs. RelVO2max (p = 0.007) and sit-up capacity (p = 0.032) were 

negatively associated with firefighters reporting upper body MSIs. An 

increase in grip strength (p = 0.048) and sit-and-reach (p = 0.041) was 

negatively associated with firefighters reporting lower body MSIs. None 

of the variables was associated with MSIs after adjustment for covariates. 

An increase in relVO2max (p = 0.003), push-ups (p = 0.011), and sit-ups 

(p = 0.013) was negatively associated with firefighters reporting a 

shoulder injury. Push-ups were significantly and negatively associated 

with lower back injuries (p = 0.039). An increase in grip strength (p = 

0.022), sit-ups (p = 0.024), and sit-and-reach (p = 0.048) was negatively 

associated with firefighters reporting ankle and foot injuries. After 

adjustment for covariates, none of the exploratory variables remained 

significant. 

Table 7 presents the association between physical fitness and MSD in 

firefighters. A higher push-up capacity was positively associated with 

neck discomfort (p = 0.038), elbow and forearm discomfort (p = 0.031), 

wrist and hand discomfort (p = 0.002), and thigh discomfort (p = 0.007). 

A higher sit-up capacity was positively associated with upper back 

discomfort (p = 0.045) and thigh discomfort (p = 0.013). In model 2, 

Ӡ Results  
 

Table 1 presents the physical fitness measures according to sex 

and age groups in firefighters. Weight (p < 0.001), BMI (p < 0.001), 

and weekly MET (p < 0.05) minutes were significantly different 

between age groups. All physical fitness measures were significantly 

different between the age groups, particularly abVO2max, relVO2max, 

sit-ups, push-ups, and sit-and-reach scores (p < 0.001). After 

Bonferroni correction, abVO2max, relVO2max, grip strength, leg 

strength sit-ups, push-ups, sit-and-reach, and LBM remained 

robust to adjustment. According to sex, male firefighters were 

taller, heavier, and stronger and had a higher abVO2max and LBM. 

Female firefighters had a higher relVO2max and were more flexible. 

Age was negatively correlated with abVO2max, relVO2max, leg 

strength, push-ups, sit-ups, sit-and-reach, and LBM (all p < 0.01). 

AbVO2max, grip strength, leg strength, and LBM were lower in 

female firefighters (all p < 0.01). BMI was negatively correlated with 

abVO2max, relVO2max, push-ups, sit-ups, and sit-and-reach and 

positively correlated with LBM (all p < 0.01). Weekly MET 

minutes were positively correlated to abVO2max, leg strength, and 

sit-and-reach (all p < 0.05). Most MSIs were reported in firefighters 

aged between 30 and 49 (p = 0.008), which was predominantly upper 

limb injuries (p = 0.010). 

Table 2 describes the MSH of firefighters according to 

demographic characteristics and physical activity classification in 

firefighters. Firefighters who were heavier (p = 0.006), older (p = 

0.002), longer in service (p < 0.001), and with a higher BMI (p = 

0.004) were more likely to report MSIs. Female firefighters were more 

likely to be injured (p = 0.038) than firefighters who were moderately 

active (p = 0.016). 
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TABLE 2 Musculoskeletal injuries and musculoskeletal discomfort according to demographic characteristics in firefighters. 

Note: * indicates statistical significance <0.05; ** indicates statistical significance <0.01. 

cm—centimeter; kg—kilogram; kg•m-2—kilogram per meter squared; X~—median; p25th–p75th—25th percentile to 75th percentile; %—percent; †—Mann–Whitney U test, and §—indicates Chi-squared. 
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Injured 

 

Never injured 
 

p † 

 

Musculoskeletal discomfort 
 

Without musculoskeletal 
discomfort 

p † 

 

N X~(p25th–p75th) N X~(p25th–p75th) N X~(p25th–p75th) N X~(p25th–p75th) 

Height (cm) 130 172.9 (167.5, 178.0) 178 173.5 (169.0, 177.9) 0.512 130 173.0 (168.4, 178.0) 179 173.3 (168.0, 177.9) 0.942 

Weight (kg) 130 82.4 (74.0, 95.9) 178 80.8 (72.1, 87.5) 0.006** 130 80.7 (71.9, 91.6) 179 82.0 (73.0, 90.1) 0.707 

Age (years) 130 42.0 (32.0, 49.0) 180 36.0 (29.0, 46.0) 0.002** 130 39.0 (32.0, 46.5) 179 37.0 (29.0, 48.0) 0.478 

Years of experience (years) 130 17.0 (7.0, 25.0) 178 11.0 (4.0, 19.0) <0.001** 130 15.0 (6.8, 22.3) 179 13.0 (5.0, 22.0) 0.219 

Body mass index (kg•m-2) 130 27.6 (25.1, 31.7) 178 26.8 (23.0, 29.6) 0.004** 130 27.0 (24.5, 31.1) 179 27.2 (23.9, 30.2) 0.469 

Total weekly MET minutes 130 2000.5 (1176.8, 3600.0) 178 2348.5 (1073.3, 4819.5) 0.408 130 2009.5 (1167.0, 3743.0) 179 2400.0 (1160.0, 44.97.0) 0.474 

 
N % N % p § N % N % p § 

Sex           

Male 110 40.0 164 59.9 0.038* 

 
112 40.7 163 59.3 0.174 

 
Female 20 58.8 14 41.2 18 52.9 16 47.1 

Physical activity classification           

Vigorously active 15 29.4 36 70.6 0.016* 

 
17 33.3 34 66.7 0.067 

 
Moderately active 72 50.3 71 49.7 70 49.0 73 51 

Low active 43 37.7 71 62.3 43 37.4 72 62.6 
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TABLE 3 Physical activity levels of firefighters according to age, years of experience, body mass index, weekly MET minutes, musculoskeletal discomfort, and 

musculoskeletal injury in firefighters. 

(Continued on following page) 
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Insufficiently active 

(N = 51) 

 
Minimally active 

(N = 143) 

 
Highly active 

(N = 115) 
p-value 

 

X~(p25th–p75th) X~(p25th–p75th) X~(p25th–p75th) 

Age  39.0 (32.0, 47.0)  40 (32.0 48.0)  35.0 (28.0, 45.0) 0.049* 

Years of experience  15.0 (6.0, 22.0)  15.0 (6.0, 25.0)  10.0 (4.0, 19.0) 0.063 

Body mass index  27.0 (23.2, 30.9)  27.3 (24.2, 30.9)  26.8 (24.4, 29.8) 0.819 

Weekly MET minutes  99.0 (0.0, 419.0)  1812.0 (1257.0, 2280.0)  5088.0 (3798.0, 7560.0) <0.001 

  

 
N 

TWMETM 
 

 
N 

TLIPAM 
 

 
N 

TMIPAM 
 

 
N 

TVIPAM 

X~(p25th–p75th) X~(p25th–p75th) X~(p25th–p75th) X~(p25th–p75th) 

Injured 130 2080.0 (1202.5, 3699.0) 68 120.0 (60.0, 345.0) 116 360.0 (240.0, 660.0) 21 240.0 (180.0, 720.0) 

Uninjured 178 2580.0 (1578.0, 5310.0) 80 145.0 (62.5, 360.0) 139 480.0 (215.0, 660.0) 54 360.0 (180.0, 720.0) 

p-value  0.589  0.372  0.281  0.004** 

Upper body injury 62 2090.0 (1173.8, 3575.3) 39 120 (60.0, 390.0) 55 420.0 (240.0, 660.0) 10 450.0 (180.0, 975) 

Uninjured 247 2268.0 (1160.0, 4464.0) 109 150.0 (60.0, 360.0) 201 420.0 (207.5, 660.0) 66 310.0 (180.0, 720.0) 

p-value  0.976  0.044*  0.466  0.105 

Lower body injury 74 1986.5 (1199.5, 3880.0) 32 135.0 (60.0, 262.50 68 360.0 (205.0, 645.0) 15 240.0 (180.0, 720) 

Uninjured 235 2280.0 (1149.0, 4200.0) 116 123.0 (60.0, 360.0) 188 480.0 (240.0, 660.0) 61 360.0 (180.0, 720.0) 

p-value  0.796  0.377  0.492  0.283 

Shoulder injury 17 1584.0 (1074.0, 2549.0) 9 60.0 (30.0, 280.0) 15 330.0 (240.0, 490.0) 2 570.0 (180.0) 

Uninjured 292 2279.0 (1174.0, 4293.0) 139 130.0 (60.0, 360.0) 241 420.0 (230.0, 660.0) 74 340.0 (180.0, 720.0) 

p-value  0.134  0.902  0.725  0.235 

Lower back injury 24 1816.0 (1002.0, 3775.1) 16 120.0 (60.0, 390.0) 22 295.0 (112.5, 573.8) 5 360.0 (130.0, 870.0) 

Uninjured 285 2268.0 (1183.0, 4100.0) 132 135.0 (60.0, 360.0) 234 450.0 (240.0, 660.0) 71 320.0 (180.0, 720.0) 

p-value  0.591  0.061  0.740  0.691 

Ankle and foot injury 39 2080.0 (1080.0, 3474.0) 20 95.0 (60.0, 330.0) 36 375.0 (120.0, 625.0) 7 200.0 (90.0, 300.0) 

Uninjured 270 2272.5 (1167.5, 4239.0) 128 128.0 (60.0, 360.0) 220 335.0 (240.0, 660.0) 69 360.0 (180.0, 720.0) 

p-value  0.609  0.749  0.678  0.230 

Overall discomfort 130 2080.0 (2607) 65 130.0 (60.0, 360.0) 117 380.0 (210.0, 630.0) 25 360 (180.0, 720.0) 

No discomfort 179 2655.0 (1440.0, 4986) 83 120.0 (60.0, 360.0) 139 480.0 (240.0, 700.0) 51 320.0 (180.0,720.0) 

p-value  0.474  0.512  0.463  0.060 

Neck discomfort 33 1812.0 (1094.3, 3932.3) 16 85.0 (48.8, 555.0) 29 420.0 (240.0, 720.0) 7 240.0 (80.0, 720.0) 

No discomfort 276 2277.5 (1181.3, 3993.3) 132 140.0 (60.0, 360.0) 227 420.0 (220.0, 660.0) 69 360.0 (180.0, 720.0) 

p-value  0.474  0.894  0.639  0.601 

Shoulder discomfort 17 1584.0 (1074.3, 2549.0) 9 60.0 (30.0, 280.0) 37 300.0 (160.0, 660.0) 10 450.0 (180.0, 720.0) 

No discomfort 292 2279.0 (1174.5, 4293.0) 139 130 (60.0, 360) 219 450.0 (240.0, 660.0) 66 340.0 (180.0, 720.0) 

p-value  0.511  0.954  0.839  0.968 

Upper back 

discomfort 

7 

 
1320.0 (1040.0, 3306.0) 

 
10 

 
300.0 (27.5, 978.8) 

 
22 

 
365.0 (135.0, 675.0) 

 
4 

 
720.0 (517.5, 720.0) 

 

No discomfort 302 2263.5 (2276.8, 4050.0) 138 123.0 (60.0, 360.0) 234 430.0 (240.0, 660.0) 72 285.0 (180.0, 720.0) 
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TABLE 3 (Continued) Physical activity levels of firefighters according to age, years of experience, body mass index, weekly MET minutes, musculoskeletal 

discomfort, and musculoskeletal injury in firefighters. 

Note: * indicates statistical significance <0.05; ** indicates statistical significance <0.01. 

X~—median; p25th–p75th—25th percentile to 75th percentile; %—percentage; TWMETM—total weekly metabolic equivalent minutes; TLIPAM—total low-intensity physical activity minutes; 

TMIPAM—total moderate-intensity physical activity minutes; TVIPAM—total vigorous-intensity physical activity minutes; †—indicates Mann–Whitney U test. 

physical fitness may reduce the likelihood of MSIs, which is similar to 

the results of the present study, likely due to the increase in bone 

mineral density, connective tissue health, muscle mass, and improved 

balance and coordination (Hong et al., 2012; Poplin et al., 2013; 

Poplin et al., 2016). The improvements in bone and soft tissue 

health, as a result of physical activity and increased physical fitness, 

may increase the volume of physical workload needed to cause a 

progressive decrease in MSH, which would lead to sudden MSIs 

on duty. In the current study, fitter firefighters may have reported 

higher levels of MSD due to overload in workload and 

insufficient/inadequate recovery or rest following the workload. This 

hypothesis is supported by the results showing physical activity levels 

were higher in firefighters who reported MSD, particularly those 

who were vigorously active. It is also possible that some firefighters 

experienced MSD due to a high level of physical activity in their leisure 

time, especially when off- duty, and high levels of occupational activity 

when on-duty. This persistent overload may predispose 

firefighters to pain and 

after adjustments for age, sex, BMI, and weekly MET minutes,a one-unit 

increase in push-up capacity increased the odds of neck discomfort, 

elbow discomfort, wrist and hand discomfort, and thigh discomfort by 

5%, 5%, 6%, and 6%, respectively, and that in sit-up capacity increased 

the odds of MSD by 9%. In model 3, after adjustments for years of 

experience, sex, BMI, and weekly MET minutes, a one-unit increase in 

push-up capacity increased the odds of neck discomfort, elbow 

discomfort, ankle discomfort, and foot discomfort by 4%, 5%, 6%, 

and 7%, respectively. A one-unit increase in sit-up capacity increased 

the odds of reporting thigh discomfort by 8%. 

4 Discussion 

In this study, we found that firefighters with a higher level of 

physical fitness reported fewer musculoskeletal injuries. However, 

higher levels of physical fitness were also associated with increased 

odds of MSD. Several studies have found that a higher level of 

Frontiers in Physiology 09 frontiersin.org 

  
Insufficiently active 

(N = 51) 

 
Minimally active 

(N = 143) 

 
Highly active 

(N = 115) 
p-value 

 

X~(p25th–p75th) X~(p25th–p75th) X~(p25th–p75th) 

p-value  0.885  0.669  0.714  0.494 

Elbow discomfort 23 2946.0 (1062.0, 4800.0) 12 150.0 (42.5, 633.8) 21 600.0 (242.4, 735.0) 4 720.0 (247.5, 720.0) 

No discomfort 286 2216.0 (1176.8, 3979.8) 136 123.0 (60.0, 360.0) 235 420.0 (215.0, 640.0) 72 310.0 (180.0, 720.0) 

p-value  0.626  0.627  0.149  0.482 

Wrist and hand 

discomfort 

31 

 
2640.0 (1205.0, 6288.0) 

 
15 

 
120.0 (60.0, 780.0) 

 
26 

 
445.0 (240.0, 727.5) 

 
7 

 
420.0 (200.0, 720.0) 

 

No discomfort 278 2177.0 (1159.5, 3896.3) 133 126 (60.0, 360.0) 230 420.0 (218.8, 640.0) 69 300.0 (180.0, 720.0) 

p-value  0.172  0.912  0.522  0.574 

Lower back 

discomfort 

71 

 
2019.0 (1149.0, 3840.0) 

 
45 

 
140.0 (60.0, 420.0) 

 
62 

 
372.0 (118.8, 720.0) 

 
14 

 
240.0 (90.0, 450.0) 

 

No discomfort 238 2280.0 (1176.8, 4050.0) 103 120.0 (60.0, 360.0) 194 470.0 (240.0, 645.0) 62 360.0 (180.0, 720.0) 

p-value  0.745  0.002**  0.855  0.203 

Hip discomfort 4 2980.5 (598.5, 3891.8) 9 200.0 (45.0, 1012.5) 17 260.0 (117.5, 675.0) 4 720.0 (247.5, 720.0) 

No discomfort 305 2238.0 (1165.0, 4086.5) 139 120.0 (60.0, 360.0) 239 440.0 (240.0, 660.0) 72 310.0 (180.0, 720.0) 

p-value  0.765  0.845  0.749  0.812 

Thigh discomfort 18 2273.0 (815.0, 5280.0) 8 400.0 (52.5, 1136.3) 15 292.5 (140.0, 720.0) 5 420.0 (120.0, 720.0) 

No discomfort 291 2240.0 (1188.0, 3960.0) 140 120.0 (60.0, 360.0) 241 440.0 (240.0, 660.0) 71 320.0 (180.0, 720.0) 

p-value  0.898  0.877  0.625  0.753 

Ankle and foot 

discomfort 

29 

 
2640.0 (2160.0, 6264.0) 

 
12 

 
120.0 (60.0, 603.75) 

 
25 

 
360.0 (240.0, 1080.0) 

 
7 

 
720.0 (180.0, 720.0) 

 

No discomfort 280 2216.0 (1162.5, 3877.3) 136 128.0 (60.0, 360.0) 231 420.0 (215.0, 640.0) 69 320.0 (180.0, 720.0) 

p-value  0.283  0.512  0.416  0.690 
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TABLE 4 Physical fitness parameters based on musculoskeletal injuries in firefighters. 

Note: * indicates statistical significance <0.05; ** indicates statistical significance <0.01; X-—mean; SD—standard deviation; L•min—liters per minute; mL•kg•min—milliliters per minute; 

kg—kilogram; rpm—repetitions per minute. 

inflammation, possibly leading to MSD, and possibly, MSIs in 

firefighters (Vaulerin et al., 2016; Ras and Leach, 2022). 

We found that an increase in relVO2max, push-ups, sit-ups, and 

sit-and-reach decreased the odds of firefighters reporting MSIs. 

Nowak et al. (2018) reported that firefighters who previously 

experienced an MSI had a lower push-up and sit-up capacity and 

lower cardiorespiratory capacity than those without an MSI. In 

addition, measures of explosive power were also higher in 

firefighters without injuries than in those who had previous injuries 

(Nowak et al., 2018). Similarly, Poplin et al. (2013) reported that 

higher cardiorespiratory capacity was associated with lower 

incidence of injuries in firefighters. Another study by Poplin et al. 

(2016) reported that lower levels of physical fitness 

increased the odds of firefighters sustaining an injury over a 5-year 

period. Two systematic reviews conducted by de la Motte et al. 

(2017); Lisman et al. (2017) support the results of the current study, 

reporting that higher cardiorespiratory fitness and muscular 

endurance were associated with lower incidences of MSIs. Injury- 

related absenteeism and the medical expenses associated with it are 

costly to fire departments, with most of these injuries being related 

to sprains and strains (Poston et al., 2011; Frost et al., 2016). Physical 

activity is essential in the strengthening and thickening of connective 

tissues, an increase in bone mineral density, and improvements in 

muscle endurance and strength (de la Motte et al., 2017; Lisman et 

al., 2017), which is likely in firefighters with higher physical fitness 

levels, reducing the overall reported MSIs seen in the current study. 
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abVO2max 

(L•min) 
 

relVO2max 
(L•min) 

 

Grip 
strength 

(kg) 

Leg 
strength (kg) 

 

Push- 
ups (rpm) 

 

Sit- 
ups (rpm) 

 

Sit-and- 
reach (cm) 

 

Lean body 
mass (kg) 

 

N 
 

X-±  

SD 

N 
 

X-± S   D 
 

N 
 

X-± S   D 
 

N 
 

X- ± S     D 
 

N 
 

X-± S   D 
 

N 
 

X- ± S    D 
 

N 
 

X-± S   D 
 

N 
 

X-± S   D 
 

Injured 

 
129 

 
3.4 ± 0.3 

 
129 

 
41.1 ± 

5.8 

126 

 
87.8 ± 

17.7 

126 

 
113.9 ± 

17.7 

126 

 
28.9 ± 

14.7 

126 

 
26.4 ± 

10.6 

126 

 
41.5 ± 9.7 

 
128 

 
60.6 ± 

10.5 

Uninjured 

 
179 

 
3.4 ± 0.3 

 
179 

 
43.1 ± 

6.2 

177 

 
91.1 ± 

17.3 

177 

 
117.8 ± 

27.2 

177 

 
32.1 ± 

13.3 

177 

 
29.8 ± 9.9 

 
177 

 
43.8 ± 8.7 

 
180 

 
60.2 ± 

9.4 

p-value  0.142  0.002**  0.108  0.367  0.008**  0.005**  0.015*  0.525 

Upper body 

injury 

62 

 
3.4±.03 

 
62 

 
40.4 ± 

5.1 

62 

 
91.5 ± 

17.3 

61 

 
116.2 ± 

28.5 

60 

 
28.0 ± 

15.2 

60 

 
25.8 ± 

11.4 

61 

 
42.2 ± 

10.0 

62 

 
61.8 ± 

10.2 

Uninjured 

 
247 

 
3.4±0.3 

 
247 

 
42.8 ± 

6.3 

243 

 
89.3 ± 

17.3 

242 

 
116.2 ± 

28.5 

243 

 
31.6 ± 

13.3 

243 

 
29.1 ± 

10.0 

243 

 
43.1 ± 8.9 

 
246 

 
59.9 ± 

9.5 

p-value  0.904  0.007**  0.373  0.938  0.075  0.031*  0.433  0.180 

Lower body 

injury 

74 

 
3.4 ± 0.3 

 
74 

 
41.5 ± 

5.9 

73 

 
86.2 ± 

17.4 

73 

 
113.9 ± 

32.9 

73 

 
29.7 ± 

13.2 

73 

 
27.0 ± 

10.1 

73 

 
40.9 ± 9.9 

 
74 

 
59.7 ± 

9.7 

Uninjured 

 
235 

 
3.4 ± 0.3 

 
235 

 
42.6 ± 

6.2 

231 

 
90.8 ± 

17.4 

230 

 
117.1 ± 

27.4 

230 

 
31.3 ± 

13.9 

230 

 
28.9 ± 

10.4 

231 

 
43.4 ± 8.8 

 
234 

 
60.6 ± 

9.7 

p-value  0.161  0.173  0.046*  0.387  0.190  0.190  0.039*  0.494 

Shoulder injury 

 
17 

 
3.4 ± 0.3 

 
17 

 
37.9 ± 

4.6 

16 

 
96.9 ± 

25.6 

16 

 
120.9 ± 

24.9 

16 

 
22.2 ± 

10.9 

16 

 
22.0 ± 

10.2 

16 

 
40.3 ± 

12.6 

17 

 
64.6 ± 

11.5 

Uninjured 

 
292 

 
3.5 ± 0.3 

 
292 

 
42.6 ± 

6.1 

288 

 
89.3 ± 

16.9 

287 

 
116.1 ± 

29.0 

287 

 
31.4 ± 

13.8 

287 

 
28.8 ± 

10.3 

288 

 
42.9 ± 8.9 

 
291 

 
60.1 ± 

9.5 

p-value  0.259  0.002**  0.088  0.514  0.009**  0.011*  0.417  0.060 

Lower back 

injury 

24 

 
3.4 ± 0.3 

 
24 

 
41.1 ± 

5.8 

24 

 
90.3 ± 

13.4 

24 

 
114.5 ± 

29.6 

24 

 
25.2 ± 

15.4 

24 

 
25.8 ± 

11.5 

24 

 
40.7 ± 

11.1 

24 

 
61.9 ± 

11.5 

Uninjured 

 
285 

 
3.4 ± 0.3 

 
285 

 
42.4 ± 

6.2 

280 

 
89.7 ± 

17.8 

279 

 
116.5 ± 

28.8 

279 

 
31.4 ± 

13.5 

279 

 
28.6 ± 

10.2 

280 

 
43.0 ± 8.9 

 
284 

 
60.2 ± 

9.5 

p-value  0.641  0.317  0.871  0.750  0.036*  0.197  0.226  0.407 

Ankle and foot 

injury 

39 

 
3.4 ± 0.3 

 
39 

 
40.7 ± 

6.2 

39 

 
83.7 ± 

14.9 

39 

 
111.9 ± 

32.2 

39 

 
27.1 ± 

14.4 

39 

 
24.9 ± 

10.8 

39 

 
40.2 ± 

10.7 

39 

 
59.3 ± 

10.6 

Uninjured 

 
270 

 
3.4 ± 0.3 

 
270 

 
42.6 ± 

6.1 

265 

 
90.6 ± 

17.7 

264 

 
116.9 ± 

28.3 

264 

 
31.4 ± 

13.6 

264 

 
28.9 ± 

10.2 

265 

 
43.2 ± 8.9 

 
269 

 
60.5 ± 

9.6 

p-value  0.527  0.071  0.021*  0.310  0.066  0.022*  0.049*  0.451 
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TABLE 5 Physical fitness parameters based on the report of musculoskeletal discomfort at various sites. 

(Continued on following page) 
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Musculoskeletal discomfort 
 

abVO2max 
(L•min) 

relVO2max 
(L•min) 

Grip 
strength (kg) 

Leg strength (kg) 
 

Push-ups (rpm) 
 

Sit-ups (rpm) 
 

Sit-and- 
reach (cm) 

Lean body 
mass (kg) 

N X-± S    D N X-± S   D N X- ± S     D N X- ± S     D N X- ± S     D N ± SD N X- ± S    D N X- ± S     D 

Overall discomfort 130 3.4 ± 0.2 130 42.3 ± 6.1 127 88.4 ± 18.3 127 114.4 ± 29.5 127 31.7 ± 13.9 126 28.5 ± 11.0 127 42.4 ± 9.2 130 60.2 ± 9.7 

No discomfort 179 3.3 ± 0.2 179 42.3 ± 6.2 177 90.7 ± 16.9 176 117.7 ± 28.4 177 30.3 ± 13.6 177 28.3 ± 9.9 177 43.1 ± 9.1 178 60.5 ± 9.7 

p-value  0.038*  0.498  0.132  0.163  0.370  0.433  0.249  0.394 

Neck discomfort 33 3.4 ± 0.3 33 42.2 ± 5.5 32 90.1 ± 14.0 32 116.9 ± 27.5 32 35.7 ± 12.8 32 29.2 ± 10.6 32 39.9 ± 8.2 33 60.7 ± 7.8 

No discomfort 276 3.4 ± 0.3 276 42.3 ± 6.2 276 89.7 ± 17.9 276 116.2 ± 29.0 271 30.3 ± 13.8 271 28.3 ± 10.3 272 43.2 ± 9.2 275 60.3 ± 9.9 

p-value  0.356  0.446  0.441  0.450  0.019*  0.334  0.029*  0.409 

Shoulder discomfort 42 3.4 ± 0.3 42 42.7 ± 5.4 40 94.3 ± 18.0 40 120.3 ± 26.4 40 34.3 ± 12.8 40 31.0 ± 11.8 40 42.1 ± 9.4 42 62.6 ± 7.9 

No discomfort 267 3.4 ± 0.3 267 42.4 ± 6.3 264 89.0 ± 17.3 263 115.7 ± 29.2 267 30.4 ± 13.9 263 28.0 ± 10.1 264 42.9 ± 9.1 266 60.0 ± 9.9 

p-value  0.394  0.247  0.037*  0.176  0.047*  0.045*  0.286  0.054 

Upper back discomfort 24 3.5 ± 0.3 24 44.5 ± 5.9 24 88.1 ± 15.1 24 109.9 ± 25.5 24 35.7 ± 12.2 24 32.5 ± 8.8 24 42.1 ± 9.4 24 59.1 ± 8.8 

No discomfort 285 3.4 ± 0.3 285 42.1 ± 6.1 280 89.9 ± 17.7 279 115.9 ± 29.1 279 30.4 ± 13.8 279 28.1 ± 10.4 280 42.9 ± 9.1 284 60.5 ± 9.8 

p-value  0.159  0.034*  0.314  0.127  0.036*  0.022*  0.333  0.253 

Elbow discomfort 23 3.4 ± 0.3 23 42.2 ± 6.1 22 90.9 ± 14.1 22 117.1 ± 27.5 22 37.0 ± 11.9 22 31.8 ± 11.7 22 39.6 ± 7.7 23 61.5 ± 7.0 

No discomfort 286 3.4 ± 0.3 286 42.3 ± 6.2 282 89.6 ± 17.7 281 116.3 ± 28.9 281 30.4 ± 13.8 281 28.2 ± 10.2 282 43.1 ± 9.2 285 60.3 ± 9.9 

p-value  0.403  0.447  0.371  0.448  0.015*  0.055  0.044*  0.273 

Wrist and hand discomfort 31 3.4 ± 0.3 31 41.9 ± 6.5 30 92.0 ± 13.1 30 120.9 ± 23.3 29 38.4 ± 14.5 30 31.9 ± 12.7 30 41.2 ± 9.8 31 60.4 ± 7.1 

No discomfort 278 3.4 ± 0.3 278 42.4 ± 6.1 274 89.4 ± 17.9 273 115.8 ± 29.3 274 30.1 ± 13.5 273 28.0 ± 10.0 274 43.0 ± 9.1 277 60.3 ± 9.9 

p-value  0.453  0.328  0.140  0.180  <0.001**  0.027*  0.146  0.478 

Lower back discomfort 71 3.5 ± 0.3 71 41.6 ± 5.4 69 86.9 ± 14.8 69 111.6 ± 30.5 69 29.9 ± 14.4 68 27.4 ± 11.2 69 41.5 ± 9.3 71 60.3 ± 9.7 

No discomfort 238 3.4 ± 0.3 238 42.5 ± 6.3 235 90.5 ± 18.2 235 117.7 ± 28.2 234 31.1 ± 13.6 235 28.7 ± 10.1 235 43.2 ± 9.1 237 60.4 ± 9.7 

p-value  0.030*  0.134  0.067  0.061  0.262  0.187  0.084  0.462 

Hip discomfort 19 3.4 ± 0.2 19 43.2 ± 6.3 19 90.8 ± 11.9 19 117.1 ± 25.4 19 36.1 ± 11.9 19 31.9 ± 9.4 19 40.8 ± 10.9 19 61.2 ± 9.5 

No discomfort 290 3.4 ± 0.3 290 42.3 ± 6.1 285 89.6 ± 17.8 284 116.3 ± 29.1 284 30.5 ± 13.8 284 28.2 ± 10.4 285 42.99.0 289 60.3 ± 9.7 

p-value  0.350  0.269  0.391  0.449  0.043*  0.062  0.163  0.347 

Thigh discomfort 18 3.5 ± 0.2 18 42.2 ± 5.5 18 94.3 ± 10.6 18 125.1 ± 25.3 18 39.5 ± 12.4 18 34.3 ± 12.1 18 38.8 ± 9.3 18 63.4 ± 7.7 
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Moreover, studies have suggested that a substantial source of MSIs 

in firefighters is related to overexertion while engaged in fire 

suppression and other emergency situations (Frost et al., 2015a; 

Nowak et al., 2018; Le et al., 2020). Higher levels of physical fitness, 

particularly muscular strength and endurance, may increase the 

level of physical exertion needed to induce muscular and 

cardiorespiratory fatigue that leads to overexertion, thereby 

providing a protective effect on the musculoskeletal and 

cardiovascular systems (Henderson et al., 2007; Yu et al., 2015; 

Nowak et al., 2018; Le et al., 2020). Firefighters who have a higher 

level of physical fitness perform their duties with more efficiency 

and rigor. Thus, physical fitness and physicality are integral for 

firefighters’ occupational performance (Williford et al., 1999; Rhea 

et al., 2004; Chizewski et al., 2021) and injury prevention (Poplin 

et al., 2012; Poplin et al., 2013; Vaulerin et al., 2016; Nowak et al., 

2018). To ensure the highest occupational efficiency, firefighters 

should maintain all measures of physical fitness through regular 

physical activity (Durand et al., 2011; Yu et al., 2015; Nowak et al., 

2018). In addition, it is well-documented that cardiorespiratory 

fitness, muscular strength, and endurance decline as firefighters 

age, due, in part, to a lack of leisure time physical activity and the 

natural decline in MSH as a product of the aging process (Baur 

et al., 2012; Punakallio et al., 2012; Walker et al., 2014; Perroni et 

al., 2015; Frontera, 2017). This predisposes the firefighters to 

MSIs, especially, if they lack the necessary levels of physical fitness 

needed for firefighting. Adequate levels of cardiorespiratory 

fitness, muscle strength, endurance, and muscular function are 

important for injury prevention and job performance in 

firefighters (Smith, 2011; Poplin et al., 2013; Nowak et al., 2018). 

Furthermore, physical activity has been shown to promote the 

release of myokines from muscle tissue (Hamrick, 2011; Lee and 

Jun, 2019). Myokines play an important role in stress response and 

coordinating both positive and negative musculoskeletal changes 

to exercise and/or work (Hamrick, 2011; Lee and Jun, 2019). 

This may, further, support that more physically active and, 

subsequently, more physically fit firefighters are less likely to 

sustain MSIs. 

The present study showed that higher relVO2max and sit-up 

capacity were associated with lower odds of firefighters reporting 

upper limb injuries. In addition, an increase in relVO2max, push-up 

and sit-up capacity was associated with lower odds of firefighters 

reporting shoulder injuries and an increase in push-up capacity 

reduced the odds of firefighting reporting lower back injuries. 

Previous studies noted that people involved in occupations that 

require repetitive upper body motions are particularly susceptible 

to an increase in upper limb injuries (Ranney et al., 1995; Latko 

et al., 1999). An increase in physical fitness, particularly upper 

body muscular endurance capacity, may increase the workload 

needed to lead to overexertion-related shoulder injuries (de la 

Motte et al., 2017), especially as many firefighting-related duties 

encompass repetitive upper body movements (Frost et al., 2015a; 

Nowak et al., 2018). Cady et al. (1979) reported that higher 

physical fitness, which encompassed a prediction model that 

included cardiorespiratory endurance, flexibility, muscular 

strength, and diastolic blood pressure, was associated with lower 

back injuries in firefighters. Previous studies noted that exercise 

increases muscular strength and endurance, which could, 

potentially, reduce the likelihood of lower back injuries in 
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TABLE 6 Association between physical fitness and musculoskeletal injuries in firefighters. 

(Continued on following page) 
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Univariate models Multivariate models 

Model 1 Model 2a Model 3b 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Dependent variable: musculoskeletal injuries       

abVO2max (L•min) 1.85 (0.81, 4.19) 0.143 — — — — 

relVO2max (mL•kg•min) 0.95 (0.91, 0.98) 0.005** 1.01 (0.93, 1.09) 0.909 1.02 (0.94, 1.11) 0.644 

Grip strength (kg) 0.99 (0.98, 1.00) 0.109 — — — — 

Leg strength (kg) 0.99 (0.99, 1.00) 0.356 — — — — 

Push-ups (rpm) 0.98 (0.96, 0.99) 0.017* 0.99 (0.97, 1.01) 0.994 1.00 (0.98, 1.02) 0.869 

Sit-ups (rpm) 0.97 (0.95, 0.99) 0.006** 0.99 (0.96, 1.01) 0.365 0.99 (0.96, 1.02) 0.505 

Sit-and-reach (cm) 0.97 (0.95, 0.99) 0.034* 0.98 (0.95, 1.01) 0.153 0.98 (0.95, 1.01) 0.182 

Lean body mass (kg) 1.01 (0.98, 1.03) 0.524 — — — — 

Dependent variable: upper body injuries       

abVO2max (L•min) 1.06 (0.393, 2.88) 0.903 — — — — 

relVO2max (mL•kg•min) 0.94 (0.89, 0.98) 0.007** 0.96 (0.87, 1.06) 0.407 0.95 (0.86, 1.05) 0.289 

Grip strength (kg) 1.01 (0.99, 1.02) 0.372 — — — — 

Leg strength (kg) 1.00 (0.99, 1.01) 0.938 — — — — 

Push-ups (rpm) 0.98 (0.96, 1.00) 0.076 — — — — 

Sit-ups (rpm) 0.97 (0.94, 0.99) 0.032* 0.99 (0.96, 1.02) 0.442 0.99 (0.95, 1.02) 0.342 

Sit-and-reach (cm) 0.99 (0.96, 1.02) 0.432 — — — — 

Lean body mass (kg) 1.02 (0.99, 1.05) 0.181 — — — — 

Dependent variable: lower body injuries   
— — — — 

abVO2max (L•min) 1.97 (0.763, 5.09) 0.161 — — — — 

relVO2max (mL•kg•min) 0.97 (0.93,1.01) 0.173 — — — — 

Grip strength (kg) 0.99 (0.97, 1.00) 0.048* 1.01 (0.99, 1.03) 0.203 0.99 (0.97, 1.01) 0.405 

Leg strength (kg) 0.99 (0.99, 1.01) 0.415 — — — — 

Push-ups (rpm) 0.99 (0.97, 1.01) 0.386 — — — — 

Sit-ups (rpm) 0.98 (0.96, 1.01) 0.190 — — — — 

Sit-and-reach (cm) 0.97 (0.94, 0.99) 0.041* 0.97 (0.94, 1.00) 0.092 0.98 (0.95, 1.01) 0.124 

Lean body mass (kg) 0.99 (0.96, 1.02) 0.493 — — — — 

Dependent variable: shoulder injuries       

abVO2max (L•min) 2.82 (0.48, 16.72) 0.253     

relVO2max (mL•kg•min) 0.87 (0.79, 0.95) 0.003** 0.86 (0.71, 1.03) § 0.105 0.83 (0.69, 1.01) 0.060 

Grip strength (kg) 1.03 (0.99, 1.06) 0.090 — — — — 

Leg strength (kg) 1.01 (0.99, 1.02) 0.521 — — — — 

Push-ups (rpm) 0.95 (0.91, 0.99) 0.011* 0.97 (0.92, 1.01) 0.158 0.96 (0.92, 1.01) 0.105 

Sit-ups (rpm) 0.94 (0.89, 0.99) 0.013* 0.97 (0.91, 1.03) 0.264 0.96 (0.91, 1.02) 0.167 

Sit-and-reach (cm) 0.97 (0.92, 1.02) 0.251 — — — — 

Lean body mass (kg) 1.05 (0.99, 1.11) 0.063 — — — — 
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TABLE 6 (Continued) Association between physical fitness and musculoskeletal injuries in firefighters. 

Note: * indicates statistically significance <0.05; ** indicates statistical significance <0.01. 
a
—covariates adjusted for: age, sex, body mass index, and weekly MET minutes; b—covariates adjusted for: years of experience, sex, body mass index, and weekly MET minutes; L•min—liters 

per minute; mL•kg•min—milliliters per minute; kg—kilogram; rpm—repetitions per minute; §—significant when adjusted for age and sex only; §—significant when adjusted for years of 

experience and sex only. 

firefighters (Taylor et al., 2014; Mayer et al., 2015; Moon et al., 2015). 

Similarly, Peate et al. (2007) reported that after an exercise 

intervention, improvements in abdominal strength and flexibility 

reduced the incidence of injuries in firefighters. Although not 

directly related, higher levels of muscular endurance may positively 

assist firefighters in reducing the incidence of injuries to their 

upper limbs and trunk, likely due to these areas having an increased 

stability and higher capacity to tolerate forceful repetitive 

movements (Cady et al., 1979; Beaton et al., 2002; Peate et al., 2007; 

de la Motte et al., 2017). The results of the current study indicated 

that for every 1 kg increase in grip strength and 1 cm increase in sit- 

and-reach score, there were lower odds of firefighters reporting 

lower limb injuries by 1% and 3%, respectively. A study reported that 

a higher sit-and-reach test score was associated with lower 

incidences of of MSIs (Lisman et al., 2017) and is likely related 

to a greater range of motion and a lower likelihood of stretching 

connective tissues to an uncomfortable degree. Similarly, Frost et al. 

(2015b) reported that push-up, deep squat, and sit-and-reach tasks 

in the functional movement screening significantly predicted injury 

status in firefighters. This was supported by Butler et al. (2013) who 

reported that the sit-and-reach score was a significant predictor of 

injury status in firefighters. 

In the present study, with the introduction of age, sex, years of 

experience, BMI, and physical activity levels in the multivariate 

models, the significant associations were removed from all 

significant outcomes for MSIs. This suggests that although higher 

levels of physical fitness are necessary to protect firefighters from 

sustaining injuries, there are additional components that form part 

of a larger system of factors that also contribute to MSI prevention, 

which is supported by previous research (Nabeel et al., 2007; 

Vaulerin et al., 2016; Nowak et al., 2018; Ras and Leach, 2022). 

Firefighters remaining physically active to meet a minimum level of 

health-related physical fitness may be a prerequisite in reducing 

MSIs, but beyond this level may lead to chronic pain and injury 

(Poplin et al., 2016; Vaulerin et al., 2016; Lentz et al., 2019; Ras and 

Leach, 2022). This was seen in the present data, where firefighters 

who were more vigorously active reported less MSIs. However, 

similarly, firefighters who experienced MSD tended toward being 
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Univariate models Multivariate models 

Model 1 Model 2a Model 3b 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Dependent variable: lower back injuries       

abVO2max (L•min) 1.45 (0.32, 6.47) 0.629     

relVO2max (mL•kg•min) 0.97 (0.90, 1.04) 0.321     

Grip strength (kg) 1.00 (0.98, 1.03) 0.878     

Leg strength (kg) 0.99 (0.98, 1.01) 0.738     

Push-ups (rpm) 0.97 (0.94, 0.99) 0.039* 0.97 (0.94, 1.01) 0.157 0.98 (0.95, 1.02) 0.277 

Sit-ups (rpm) 0.97 (0.94, 1.01) 0.199     

Sit-and-reach (cm) 0.97 (0.93, 1.02) 0.219     

Lean body mass (kg) 1.02 (0.98, 1.06) 0.405     

Dependent variable: ankle and foot injuries       

abVO2max (L•min) 1.49 (0.45, 5.02) 0.513     

relVO2max (mL•kg•min) 0.95 (0.89, 1.01) 0.074     

Grip strength (kg) 0.98 (0.96, 0.99) 0.022* 0.98 (0.96, 1.01) 0.135 0.99 (0.96, 1.01) 0.235 

Leg strength (kg) 0.99 (0.98, 1.01) 0.300     

Push-ups (rpm) 0.98 (0.95, 1.00) 0.070     

Sit-ups (rpm) 0.96 (0.933, 0.99) 0.024* 0.99 (0.95, 1.03) 0.522 0.99 (0.96, 1.04) 0.942 

Sit-and-reach (cm) 0.96 (0.93, 1.00) 0.048* 0.97 (0.93, 1.01) 0.134 0.97 (0.94, 1.01) 0.194 

Lean body mass (kg) 0.99 (0.95, 1.02) 0.453     
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TABLE 7 Association between physical fitness and musculoskeletal discomfort in firefighters. 

Note: * indicates statistical significance <0.05; ** indicates statistical significance <0.01. 

a—covariates adjusted for age, sex, body mass index, and weekly MET minutes; b—covariates adjusted for years of experience, sex, body mass index, and weekly MET minutes; L•min—liters 

per minute; mL•kg•min—milliliters per minute; kg—kilogram; rpm—repetitions per minute. 

more physically active, particularly vigorously active, as well. 

Although there were instances where this tended toward 

significance, statistical significance was not seen, perhaps due to 

the relatively small numbers of firefighters experiencing MSD. 

Previous studies have reported that older firefighters, with more 

years of experience, and who were heavier and more physically 

inactive, were particularly susceptible to sustaining MSIs while on 

duty (Poston et al., 2011; Jahnke et al., 2013; Phelps et al., 2018; 

Nazari et al., 2020b; Hollerbach et al., 2020). Moreover, studies 

found women were especially susceptible to MSIs, due to multiple 

factors, such as poor fitting equipment, lower muscle mass, 

particularly in the upper limbs, and lower bone mineral density 

(Sinden et al., 2013; McQuerry et al., 2019; Song et al., 2019). After 

adjusting for age, sex, and BMI in the multivariate analysis, we noted 

that our results no longer achieved significance. This was also noted 

in correlations where age, sex, and BMI were positively correlated to 

MSIs in firefighters. In addition, it is likely that due to working as a 

firefighter for longer periods, regardless of their fitness levels, these 

firefighters were more likely to sustain an injury during their career 

(Poston et al., 2011; Hong et al., 2012; Frost et al., 2015a). 

We found that push-up capacity was significantly associated 

with increased odds of firefighters reporting discomfort in the neck, 

elbow and forearm, wrist and hand, and thigh regions. In addition, 

an increase in sit-up capacity was associated with an increase in the 

odds of firefighters reporting upper back and thigh discomfort. 

Rintala et al. (2015) reported that fitter pilots flew their aircrafts at 
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Univariate models Multivariate models 

Model 1 Model 2a Model 3b 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Exploratory variable: abVO2max (L•min)       

Musculoskeletal discomfort 2.10 (0.92, 4.79) 0.077 — — — — 

Lower back discomfort 2.52 (0.96, 6.67) 0.062 — — — — 

Exploratory variable: grip strength (kg)       

Shoulder discomfort 1.02 (0.99, 1.04) 0.075 — — — — 

Thigh discomfort 1.02 (0.99, 1.04) 0.249 — — — — 

Exploratory variable: push-ups (rpm)       

Neck discomfort 1.03 (1.00, 1.06) 0.039* 1.04 (1.01, 1.07) 0.014* 1.04 (1.01, 1.08) 0.011* 

Shoulder discomfort 1.02 (0.99, 1.05) 0.094 — — — — 

Upper back discomfort 1.03 (0.99, 1.06) 0.074 — — — — 

Elbow discomfort 1.04 (1.00, 1.07) 0.031* 1.05 (1.01, 1.08) 0.019** 1.05 (0.99, 1.09) 0.016* 

Wrist and hand discomfort 1.05 (1.02, 1.08) 0.002** 1.06 (1.02, 1.09) 0.001** 1.06 (1.00, 1.09) <0.001 

Hip discomfort 1.03 (0.99, 1.07) 0.088 — — — — 

Thigh discomfort 1.05 (1.01, 1.09) 0.007** 1.06 (1.02, 1.11) 0.005** 1.07 (1.03, 1.12) 0.002** 

Ankle and foot discomfort 1.03 (0.99, 1.06) 0.790 — — — — 

Exploratory variable: sit-ups (rpm)       

Shoulder discomfort 1.03 (0.99, 1.06) 0.091 — — — — 

Upper back discomfort 1.05 (1.00, 1.09) 0.045* 1.04 (0.99, 1.09) 0.143 1.04 (0.99, 1.09) 0.135 

Wrist and hand discomfort 1.04 (0.99, 1.08) 0.055 — — 
  

Thigh discomfort 1.07 (1.01, 1.12) 0.013* 1.09 (1.03, 1.51) 0.003** 1.08 (1.02, 1.14) 0.005** 

Exploratory variable: sit-and-reach (cm)       

Neck discomfort 0.96 (0.924, 1.00) 0.060 — — — — 

Elbow discomfort 0.96 (0.92, 1.01) 0.090 — — — — 

Thigh discomfort 0.95 (0.903, 1.00) 0.058 — — — — 
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speeds that induce higher acceleration speeds and physical 

workloads and, due to this higher workload, reported more 

symptoms of musculoskeletal pain, but fewer musculoskeletal 

disabilities. This may also relate to the firefighting profession, 

where fitter firefighters may perform their duties with greater rigor, 

power, and force (Williford et al., 1999; Chizewski et al., 2021), 

which may overload the firefighter’s musculoskeletal system. These 

fitter firefighters might be engaged in more vigorous-intensity work 

at fire or emergency scenarios, compared to their less fit 

counterparts, which leads to MSD. In addition, if firefighters 

participate in regular vigorous-intensity leisure-time physical 

activity, this may exacerbate an already strained musculoskeletal 

system, or overload the musculoskeletal system, leading to burnout, 

that increases the risk of MSIs (Vaulerin et al., 2016; Ras and Leach, 

2022). This might cause additional MSD in firefighters, but have a 

positive effect on reducing MSIs, as seen in the current results. 

However, managing the overall workload may be key to maintaining 

MSH and reducing injury incidence in firefighters. Previous research 

has noted that monitoring overall workload is important for 

firefighters (Poplin et al., 2013; Vaulerin et al., 2016; de la Motte et 

al., 2017; Ras and Leach, 2022). This could provide a possible 

explanation to why fitter firefighters were more likely to report 

MSD, especially if the MSD caused by high workloads could, 

eventually, lead to overuse injury (Vaulerin et al., 2016). Lusa 

et al. (2015) reported that firefighters who reported sleep 

disturbances had chronic low back pain symptoms (Halson, 2008). 

Abbasi et al. (2018) reported that firefighters who were heavily 

physically active had poorer sleep quality and were more likely to 

report MSDs. Due to sleep being integral to recovery, this may 

provide an explanation as to why fitter firefighters experienced 

more MSD in the current results. In contrast to the current 

results, Nabeel et al. (2007) reported that higher levels of physical 

fitness were associated with a significant decrease in the incidence 

of chronic pain in police officers. Similarly, Beaton et al. (2002) 

reported that neck, back, and shoulder pain was significantly lower 

in firefighters who participated in more frequent aerobic exercise. 

It may be that MSD is an indication of excessive workload or 

insufficient recovery, which has been supported in other 

populations, such as nurses, paramedics, surgeons, and welders 

(Menzel et al., 2004; Tam and Yeung, 2006; Szeto et al., 2009; 

Shahriyari et al., 2020). However, this 

2022c). Validated questionnaires were used to assess MSH. This 

work contributes unique information to a field of study that 

has not yet received adequate attention, particularly in a South 

African setting. The present study, however, has some limitations. 

The study’s cross-sectional design prevents the inference of causal 

associations. The study estimated relative and absolute 

cardiorespiratory fitness using a non-exercise calculation. The 

under-representation of female firefighters limits the 

generalizability of results to female firefighters. Although the study 

had a relatively large sample size, the low number of firefighters 

with MSD and MSIs limits the power of the statistical analysis. 

5 Conclusion 

The findings of the present study emphasize the need for 

firefighters maintaining high levels of physical fitness to lessen the 

risk of MSIs, particularly cardiorespiratory fitness, muscular 

endurance, and flexibility. In addition, our finding of a positive 

association between physical fitness and MSD indicates that care 

must be taken to implement well-structured fitness programs that 

take into account the need for adequate rest and recovery. This 

research highlights the importance of maintaining and/or 

improving physical fitness on MSH in firefighters, in the 

CoCTFRS, thus emphasizing the need for policy change. It is 

recommended that occupational health and safety professionals, as 

well as policymakers, ensure that firefighters participate in regular 

physical activity that is monitored for total weekly workload to 

reduce the likelihood of overexertion and ensure adequate 

recovery, and maintain an ideal level of health-related physical 

fitness to aid their occupational wellbeing. Furthermore, the 

development of workload guidelines is needed to further 

support the physical fitness requirements of firefighting and 

reduce the likelihood of MSIs and discomfort in firefighters. 

In future 

research, 

potential 

longitudinal studies are warranted to evaluate a 

causal  relationship  between  physical fitness  and 

improvements or decrements on the incidence of MSIs and, especially, 

MSD as this area is understudied with respect to firefighters. 

Although female firefighters represent a relatively small proportion 

of firefighters in the CoCTFRS, a larger and more representative 

sample of female firefighters should be included in future studies 

to allow for the generalizability of results to the female firefighter 

population. 

area is understudied in firefighters, and the findings are not 

particularly intuitive. Investigating MSD may provide valuable insight 

into MSH of firefighters and how this may eventually lead, or 

predispose, firefighters to injury. It is recommended that more 

research be conducted in this area to better understand the causal 

mechanisms between physical fitness and MSD, and the implications 

of MSD for the likelihood of sustaining an injury. Data availability statement 

The original contributions presented in the study are included in 

the article/Supplementary Material. Further inquiries can be 

directed to the corresponding author. 

4.1 Strengths and limitations 

This was the first study examining the relationship between 

physical fitness and MSH in CoCTFRS firefighters, a 

demographic that has received little attention with respect to 

scientific research. The study used validated instruments and 

trained researchers who objectively assessed the markers of 

physical fitness, except cardiorespiratory fitness (Ras et al., 
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Introduction: To perform their work efficiently and safely, firefighters should 

maintain all aspects of physical fitness. Cardiac-related incidents are the leading 

cause of duty-related deaths in firefighters, and many firefighters have poor 

musculoskeletal health (MSH) that hinder their occupational performance (OP). 

Establishing the relationship between physical fitness, cardiovascular health (CVH), 

MSH and OP may add new insight on the most significant factors inf luencing 

OP in firefighters, specifically in the City of Cape Town Fire and Rescue Service 

(CoCTFS), which had not been studied before. Therefore, the purpose of this 

study was to investigate whether physical fitness, CVH and MSH were associated 

with OP in firefighters, in the COCTFRS. 

Methods: This cross-sectional study included 283 full-time firefighters aged 20– 

65 years from Cape Town, South Africa. A researcher-generated questionnaire 

was used to collect data on sociodemographic characteristics, lifestyle factors 

and MSH. Physical measures were used to collect information on physical 

fitness, CVH, and OP [using a physical ability test (PAT)]. Linear and binary logistic 

regressions, adjusted for age, sex, height and weekly metabolic equivalent minutes 

(WMETM), multivariate analysis of covariance (MANCOVA), adjusted for age, sex, 

height and body mass index (BMI) and backward stepwise regressions were used 

to investigate the associations between the various constructs. 

Results: From multivariable analyses, age, lean body mass, body fat percentage 

(BF%), estimated absolute oxygen consumption (abV ̇O2max), grip strength, leg 

strength, push-ups, sit-ups, WMETM and heart rate variability were associated 

with PAT completion times (all p < 0.01). The MANCOVA showed a significant 

difference between performance categories of the PAT based on physical fitness 

and CVH (both p < 0.001). WMETM, BF%, abV ̇O2max, grip strength, leg strength and 

sit-ups explained the highest proportion (50.5%) of the variation in PAT completion 

times. 

Conclusion: Younger, non-obese, fitter and stronger firefighters, with a better 

CVH status, performed significantly better and were most likely to pass the PAT in 

firefighters, in Cape Town, South Africa. Firefighters should maintain high levels 

of physica   l fitness and a good level of CVH to ensure a satisfactory level of OP. 
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1. Introduction 

Firefighting is a strenuous occupation that involves routine 

exposure of firefighters to high temperatures, hazardous chemicals 

and fumes, which, along with the high physical demands, present a 

substantial burden on the cardiovascular system (1, 2). These 

exposures require firefighters to wear heavy, insulated personal 

protective equipment (PPE), all of which, place significant strain on 

their cardiovascular and musculoskeletal systems (3, 4). In addition, 

in order to perform their work efficiently and safely, firefighters are 

required to maintain all aspects of their physical fitness (5–7). 

Previous studies have reported that several firefighting tasks have 

an average oxygen consumption ( V ̇O 2 )  of 23.0 to 42.5 mL·kg−1·min−1  

(8–10), with the most strenuous tasks requiring an average of 

44.0 mL·kg−1·min−1 (11). In order to effectively handle these job 

demands, firefighters should maintain a cardiorespiratory fitness level 

of about 42 mL·kg−1·min−1 (3), while also being encouraged to 

maintain good levels of muscular strength and muscular stamina to 

perform their duties adequately (12). Firefighters who are unable to 

perform their intense duties with sufficient competency and efficiency 

are at risk of underperforming while on active duty (12–14). An 

inability to complete required job tasks in a timely manner not only 

places their lives at risk, but also the lives of the civilians, while also 

increasing the risk of potential damage to property and infrastructure 

(1, 12). 

Due to the strenuous nature of firefighting, firefighters who are 

relatively unfit may have to overexert themselves to carry out their 

duties to an acceptable standard (1, 2). Furthermore, firefighters that 

have subclinical cardiovascular disease or an unfavourable 

cardiovascular disease (CVD) risk profile are particularly susceptible 

to cardiac incidents related to overexertion, which occur at an 

unacceptable rate (15, 16). In fact, cardiac-related incidents are the 

leading cause of duty-related deaths among firefighters, accounting for 

40–50% of all line-of-duty firefighter fatalities in the United States. 

Many of these firefighters have underlying CVD risk factors, such as 

smoking, hypertension, dyslipidaemia, diabetes and obesity (1, 15– 

17). This is consistent with previous findings from a study conducted 

on firefighters in the City of Cape Town Fire and Rescue Service 

(CoCTFRS), where it has been reported that firefighters had multiple 

CVD risk factors, most notably being dyslipidaemia (40.3%), cigarette 

smoking (39.5%), obesity (37.1%), and hypertension (33.1%) (18). 

Firefighters in Cape Town have been reported to have a good 

knowledge of CVD risk factors, however, had poor attitudes toward 

health habits related to improve CVD risk, such as physical activity 

and diet, which become progressively worse as they age (19, 20). This 

has also been shown in previous studies, indicating that attitudes 

progressively become worse in firefighters throughout their careers, 

perhaps attributable to the stressful nature of the occupation (21–23). 

Moreover, the stressors of firefighting also contribute to work-related 

musculoskeletal injuries and musculoskeletal discomfort (24, 25). In 

one research study, firefighters reported that musculoskeletal pain 

negatively affected their work output and was associated with work 

limitations (26). Previous research has also shown that many 

firefighters report being physically inactive, despite being aware of the 

physical nature of their occupation (27–30). In spite of the well-known 

intense physical requirements of firefighting, many firefighters do not 

maintain the appropriate levels of physical conditioning that are 

required for peak performance at work (29, 31, 32). However, studies 

have shown that firefighters, particularly in the CoCTFRS, that are 

overworked are predisposed to musculoskeletal injuries and 

musculoskeletal discomfort (30, 33). 

Ageing and obesity predispose firefighters to musculoskeletal 

injuries (34, 35) and are related to reduced work performance (6, 7, 

36). In addition, though firefighters may be relatively healthy, 

maintaining adequate muscular strength and endurance is essential, 

as several studies have reported significant relationships between 

muscular strength and endurance and occupational tasks (6, 7, 36). 

This may be explained by forceful repetitive movements required by 

firefighters, such as the forcible entry, hose drag, victim rescue, and 

heavy equipment carries, that, require high levels of muscular strength 

and endurance (5–7, 36). Furthermore, it has been consistently 

reported, in studies performed in different fire departments, globally, 

that measures of physical fitness, particularly cardiorespiratory fitness 

and muscular endurance, explained the most variance in occupational 

performance times in firefighters (3, 5–7, 37, 38). It is apparent that 

performing firefighting-related tasks with sufficient intensity and 

efficiency is based on multiple factors mainly associated with a healthy 

cardiovascular and musculoskeletal system (5, 7, 14, 36, 38). In the 

CoCTFRS there are no policies or legislations that encourage 

firefighters to maintain an appropriate level of physical fitness and 

cardiovascular health to ensure optimal occupational performance, 

which becomes particularly worrisome given the scarcity of research 

on the health, wellness, physical fitness, and occupational performance 

of this population (18, 20). 

Previous studies have suggested relationships between physical 

fitness, cardiovascular health and musculoskeletal health that, 

collectively, may significantly impact the occupational performance of 

firefighters (30, 39–42). However, these relationships have not been 

fully explored, with most studies opting to investigate the relationship 

between physical fitness and occupational performance, only. This has 

left a gap in the literature on what the cumulative effect of physical 

fitness, cardiovascular and musculoskeletal health may have on 

occupational performance in firefighters, which is particularly relevant 

for research conducted on firefighters in South Africa. In addition, no 

study has investigated the determinants of occupational performance, 

using physical fitness, cardiovascular health and musculoskeletal 

health in firefighters, in the CoCTFRS. This research will highlight the 

importance of physical fitness, cardiovascular health, and 

musculoskeletal health on occupational performance in firefighters, 

in Africa, where firefighters are understudied. In addition, a better 

understanding of the parameters that contribute to occupational 

performance will enable firefighters, instructors and policymakers, 
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particularly in South Africa, to prepare adequately for the physically 

demanding requirements of the profession. We hypothesise that there 

will be an inverse relationship between physical fitness and PAT 

completion times and a positive association between cardiovascular 

health and musculoskeletal health PAT completion times. A better 

understanding of the determinants of occupational performance may 

help support the development of policies standardizing occupational 

requirements for an acceptable level of physical fitness and 

cardiovascular health. Therefore, the purpose of this study was to 

investigate whether physical fitness, cardiovascular health and 

musculoskeletal health were factors significantly associated with 

occupational performance in firefighters, in the City of Cape Town 

Fire and Rescue Service (CoCTFRS). 

 

2. Methods 

2.1. Study design and population 

 

A cross-sectional study design was employed to determine the 

association between physical fitness parameters (cardiorespiratory 

fitness, muscular strength and endurance, flexibility and body 

composition), cardiovascular health (CVD risk factors, CVD risk 

score, HRV, cardiovascular health index), musculoskeletal health 

(Musculoskeletal injuries and musculoskeletal discomfort), and 

occupational performance in a cohort of firefighters. The PAT was 

administered by the CoCTFRS and was used as the measure of 

occupational performance in the present study. The study took place 

between June and August 2022. Written informed consent was 

obtained from all participants. In total, 1,000 firefighters are currently 

employed in the CoCTFRS, and using Slovin’s formula, a minimal 

sample size of 278 firefighters was calculated for this study. Overall, 

309 full-time male and female firefighters between the ages of 20 to 

65 years from the CoCTFRS were systematically sampled and agreed 

to participate in the study. Due to the time constraints as a result of 

the testing, 309 firefighters of the total firefighter population was 

randomly sampled to participate in the study. However, after the initial 

health screening, 26 firefighters were excluded due to medical 

concerns. From the original 309 firefighters, 283 attempted the PAT 

(92% response rate), and 15 firefighters failed to complete the PAT due 

to exhaustion. Ethical clearance was granted by the Biomedical 

Research Ethics Committee (ethical clearance number: BM21/10/9) 

of the University of the Western Cape. Approval was granted by the 

Chief Fire Officer, as well as the departments of Research and Policy 

and Strategy research branch of the City of Cape Town (CCT). 

 

2.2. Sampling and participant recruitment 

 

Data collection took place during the annual physical fitness 

assessment conducted by the CoCTFRS. To ensure consistency of the 

testing results, a single fire station was used, located in the CCT 

metropolitan area, to assure the same layout of the PAT, 

environmental conditions and testing surface. Although the PAT was 

administered by the fire department, for the present study, all PAT 

measures were collected and recorded by trained researchers that 

were familiarised with all the testing instruments and research 

procedures. Due to time constraints and agreement with the 

CoCTFRS on the number of firefighters that would be allowed to 

participate in the study, firefighters were selected using random 

systematic sampling, where every third firefighter was selected to 

participate from the 96 platoons (32 fire stations) that participated in 

this study. Each of the 96 platoons consisted of 8 to 12 firefighters. All 

full-time firefighters between the age range of 20–65 years were 

considered. Firefighters excluded were those on administration duty, 

those on sick leave, those employed as part-time or on a seasonal 

basis, or those that did not participate in the PAT on the day of testing 

due to medical concerns or injuries impacting their ability to 

complete the PAT. 

 

2.Ӡ. Physical fitness measures 

 

Physical fitness was measured by trained researchers (43) in 

accordance with the American College of Sports Medicine (ACSM) 

guidelines (44). Cardiorespiratory capacity was from a validated 

non-exercise calculation (43) to estimate oxygen consumption (V ̇O 2) .  

For muscular endurance, push-ups and sit-ups tests were used, upper 

and lower body strength were assessed using the handgrip and leg 

strength tests and to assess flexibility, the sit-and-reach test was used. 

Body mass and Lean body mass (LBM) were used as measures of body 

composition and were assessed using a Tanita© (Tanita©, Tokyo, Japan) 

BC-1000 Plus bioelectrical impedance (BIA) analyser. 

Cardiorespiratory fitness was estimated using the non-exercise 

method, applying the following formula: oxygen consumption 

(V ̇O2 m a x) = 3.542 + (−0.014 × Age) + (0.015 × Body Mass [kg]) + 

(−0.011 × Resting Heart Rate) (45). Relative V ̇O2max (relV̇O2max) was 

then calculated from absolute V ̇O2 ma x (abV̇O2max) value generated. For 

the push-ups and sit-ups tests, firefighters were requested to perform 

as many repetitions, in a minute, as possible and the test was 

terminated when firefighters reached volitional fatigue or were unable 

to maintain a good technique (44). Grip strength was measured using 

a Takei® 5,401-C handgrip dynamometer and leg strength using a 

Takei® back and leg strength dynamometer, following standardized 
protocols and given three attempts with the highest being recorded 

(44). To ensure accurate results, firefighters were allowed a full 

recovery between each test. The sit-and-reach required firefighters to 

reach as forward as far as possible on the ruler of a standardized 

sit-and-reach box. For a full description of the methods used to assess 

physical fitness consult the study published by Ras et al. (43). 

For relative cardiorespiratory fitness, 42 mL·kg−1·min−1 (3) was 

used to indicate the minimum cardiorespiratory fitness needed for 

firefighting. For measures of absolute cardiorespiratory fitness, grip 

and leg strength, push-ups and sit-ups and flexibility, the 50th 

percentile was used to classify firefighters with the minimum required 

strength, endurance and flexibility measures and categorized as 

“good.” This percentile was chosen due to the scarcity of objective 

measures of minimum measures of strength, endurance and flexibility 

needed for acceptable PAT performance. In total, to calculate the 50th 

percentile for the fitness measures, 304 firefighters’ data were used. 

Based on the 50th percentile, firefighters that had an absolute 

cardiorespiratory fitness of 3.40 L min or above was considered “good.” 

For muscular strength, a grip strength of 89.9 kg or above and leg 

strength of 116.5 kg or above were considered “good.” For muscular 

endurance, a push-ups and sit-ups capacity of 30 repetitions per 

minute or above were considered to be “good.” For flexibility, a 
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sit-and-reach score of 43 cm or above was considered “good.” 

Firefighters that fell below the 50th percentile were considered to have 

a “low” level of muscular strength, muscular endurance and flexibility. 

 

2.4. Cardiovascular health measures 

 

In the current study, cardiovascular health was used as an 

umbrella term and was investigated using several approaches. These 

approaches included three main subcomponents: CVD risk factors, 

cardiovascular health metrics and heart rate variability (HRV). Height 

and waist and hip circumference were assessed using a stadiometer 

and tape measure, using standardized techniques (44), and using a 

bioelectrical impedance analysis (BIA) scale body fat percentage 

(BF%) and weight were measured. CVD risk factors included age, 

smoking, hypertension, dyslipidaemia, diabetes, obesity and physical 

inactivity. Cardiovascular health metrics were used to classify 

firefighters’ cardiovascular health index. The cardiovascular health 

metrics included an ideal/good body mass index (BMI), blood 

pressure, non-fasting blood glucose, total cholesterol, level of physical 

activity, diet and cigarette smoking status. In addition, cardiovascular 

health index was classified as “good” if firefighters had five to seven 

metrics rated as ideal, “intermediate” if firefighters had three to four 

metrics classified as ideal and “poor” if firefighters had zero to two 

metrics classified as ideal. The 2008 Framingham risk model, 

developed by D’Agostino et al. (46), was used to assess cardiovascular 

disease risk of firefighters. Furthermore, the American College of 

Cardiology (ACC) 10 year atherosclerotic cardiovascular disease 

(ASCVD) and ASCVD lifetime risk were calculated to assess the 

cardiovascular disease risk of firefighters (47, 48). For HRV, a Polar™ 

(Polar Electro Oy, Kempele, Finland) H10 heart rate monitor was 

used, at rest, while firefighters were in a seated position, and analyzed 

using the Kubio© Software version 3.4.3. Prior to testing, firefighters 

were asked to remain in a seated position for at least 5 min, thereafter, 

HRV measures were taken for 5 min. For more information on the 

methods used to assess cardiovascular health, as well as the 

classifications of CVD risk factors and cardiovascular health metrics, 

please refer to the study published by Ras et al. (43). 

 

2.5. Classification of musculoskeletal 
health 

 

Musculoskeletal health was subcategorized as musculoskeletal 

injuries and musculoskeletal discomfort status, which was further 

separated into those that sustained an injury while on duty and 

those that did not, as well as those who were experiencing 

musculoskeletal discomfort and those who did not. Thereafter, 

subcategories for those that reported musculoskeletal injuries and 

musculoskeletal discomfort were categorized based on the location 

of the musculoskeletal injury or the musculoskeletal discomfort 

experienced, specifically upper body musculoskeletal injury, lower 

body musculoskeletal injury, lower back musculoskeletal injury, 

upper body musculoskeletal discomfort, lower body 

musculoskeletal discomfort and lower back musculoskeletal 

discomfort. Musculoskeletal injury and discomfort were measured 

subjectively via two validated questionnaires, namely the Cornell 

Musculoskeletal Discomfort Questionnaire (49) and the Nordic 

Musculoskeletal Questionnaire (50), under the supervision of a 

trained researcher to ensure the questionnaires were being 

completed accurately. The Nordic Musculoskeletal Disorders 

questionnaire comprised 11 questions, divided into three sections 

and nine categories. This was answered by indicating a “yes” or 

“no” response to the nine anatomical sites to indicate if a 

participant did or did not experience injury/trouble to one or more 

regions during their time as a firefighter. For the Cornell 

Musculoskeletal Discomfort Questionnaire, the sections were 

divided into the following twelve body regions: neck, shoulder, 

upper back, upper arm, low back, forearm and elbow, wrist and 

hand, hip, thigh, knee, lower leg and foot and ankle. The 

questionnaire also included data on the frequency of discomfort, the 

severity and the effect of the discomfort on the ability to do their 

work. 

 

2.6. Occupational performance 

2.6.1. Physical ability test 

The PAT was used to assess operational performance and was 

conducted according to the testing protocol of the CoCTFRS. The PAT 

was developed by the CoCTFRS as part of the fitness and wellness 

programme in consultation with industry experts. The PAT consists of 

tasks that are designed to simulate the various duties that firefighters 

perform, while also attempting the simulate the physical stressors that 

firefighters are routinely exposed to. To simulate an emergency fire 

callout, the PAT was conducted while firefighters wore their full PPE 

equipment and breathing apparatus set. However, firefighters were not 

required to use the mouthpiece of the breathing apparatus set while 

performing the PAT to ensure a “full” tank was used for the duration of 

testing. The PAT consisted of six tasks, which included the step-up, 

charged hose drag and pull, forcible entry, equipment carry, ladder raise 

and extension and the rescue drag. Firefighters were required to 

complete the simulation protocol in under 9 min (540 s) in order to pass. 

Firefighters passed the PAT if the total completion time was under 540 s. 

If they failed to complete an individual task, they were, nevertheless, 

graded competent overall. However, firefighters that failed to pass a 

specific task were graded “not yet competent” in that task. Firefighters 

were required to pass the task on the next physical fitness assessment. 

Firefighters were allowed 20 s of recovery between tasks. The timer was 

restarted once the recovery period had elapsed, regardless of whether 

the firefighter was in the starting position. The tasks included: 

 

2.6.2. Step-ups 
Firefighters were required to perform 30 step-ups on a 200 mm 

platform while carrying a high-rise pack weighing 40 kg in total, 

which consisted of 20 kg weights, strapped together in a twin donut 

method. The step-up task had a time limit of 90 s to 

be deemed competent. 

 

2.6.Ӡ. Charged hose drag and pull 
Firefighters’ were required to place a 45 mm hose line over their 

shoulder or across the chest and advance the hose tied to a tyre to the 

27 meter mark. Thereafter, the firefighters dropped to at least one-knee 

or in a seated position and pull the hose-line to the 15 meter mark. The 

firefighters had a time limit of 180 s to complete the test to be 

deemed competent
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2.6.4. Forcible entry 
The forcible entry event required firefighters to pick up a 6 kg 

sledgehammer and strike a tyre to drive it for a distance of 600 mm. 

Firefighters were required to complete the task in 60 s to 

be deemed competent. 

 

2.6.5. Equipment carry 
Firefighters were required to remove two foam drums, each 

weighing 25 kg, from a 1.2 meter-high platform, one at a time, and 

place them on the ground. The firefighters proceeded to walk both 

drums, carried in each hand, 25 meters toward and around the first 

marked position and walk another 25 meters (50 meters in total) back to 

the starting position. Upon returning, the firefighters placed the 

foam drums back onto the platform, one at a time. In this task, 

firefighters were required to complete the task in 60 s to 

be deemed competent. 

 

2.6.6. Ladder raise and extension 
Firefighters were required to walk a seven-to-eight-meter 

aluminum ladder 6 meters toward the building, raise the ladder using 

every rung, using the hand-over-hand technique, until stationary 

against the wall. Immediately thereafter, the firefighters walked to the 

second pre-position and, using the hauling line, hoisted a 35 kg drum, 

pulling down the line hand-over-hand, until the fly section reached 

the pulley and then lower the ladder once again. The firefighters then 

walked back to the ladder and lowered the ladder using the hand- 

over-hand technique, returning the ladder it’s the original position. 

The firefighters were given 90 s to complete this test and 

deemed competent. 

 

2.6.7. Rescue drag 

This event required firefighters to grasp an 80 kg tyre on the 

shoulders of the harness and drag the tyre 11 meters to a prepositioned 

mark, perform a 180-degree turn, around the mark, and continue an 

additional 11 meters toward the finish line. Firefighters were required 

to complete this task in 60 s to be deemed competent. 

 

 

2.7. Statistical analysis 

 

The data were analysed using SPSS® software, version 28 (Chicago, 

Illinois, United States). The data were collected, coded and cleaned for 

errors using the double entry method on Microsoft Excel. Descriptive 

statistical analyses, such as the median and 25th and 75th percentiles 

were computed. Mann–Whitney U analysis was performed to 

determine the difference between PAT completion times based on 

physical fitness, cardiovascular health and musculoskeletal health 

groups. Univariable and multivariable linear regressions were 

performed to determine the independent variables associated with 

PAT performance as an outcome. Due to the differences in units of 

measurements for the exploratory and outcome variables, 

standardized beta coefficients were preferred to interpret the strength 

of the association. Univariable and multivariable logistic regressions 

were performed to determine the independent variables associated 

with PAT pass rates. In the regression analysis, independent 

(exploratory) variables of physical fitness variables included abV ̇O2 m ax, 

relV ̇O2max, grip strength, leg strength, push-ups, sit-ups, and 

LBM. Exploratory cardiovascular health variables included age, BMI, 

BF%, waist circumference, systolic blood pressure, diastolic blood 

pressure, total cholesterol, non-fasting blood glucose, weekly MET 

minutes and Framingham risk score. Exploratory variables for 

musculoskeletal health included musculoskeletal injury, upper body 

musculoskeletal injury, lower body musculoskeletal injury, lower back 

musculoskeletal injury, upper body musculoskeletal discomfort, lower 

body musculoskeletal discomfort and lower body musculoskeletal 

discomfort. In the multivariable analysis on physical fitness and 

cardiovascular health parameters, model 2 was adjusted for age and 

sex and model 3 was adjusted for age, sex, height and weekly METs. 

Multivariate analysis of covariance (MANCOVA) was conducted to 

determine the difference/degree of variance between performance 

categories on the PAT in terms of physical fitness and cardiovascular 

health. Categories included top performers (75th to 99th percentile), 

above average performers (50th to 75th percentile), below average 

performers (25th to 50th percentile), and poor performers (1st to 25th 

percentile), which was considered as the grouping/independent (fixed 

factors) variable and physical fitness and cardiovascular health 

parameters were considered the dependent variables list in the 

analysis. Covariates adjusted for included age, sex, height and BMI for 

physical fitness and sex, height and weekly MET minutes for 

cardiovascular health. Analysis of covariance (ANCOVA) was 

conducted to determine the difference between performance 

categories and each dependent variable. Bonferroni correction 

(0.05/4 = 0.0125) was applied to significant ANCOVA results, and 

stepwise comparisons were reported. Backward stepwise linear 

regression models were performed to determine the factors 

contributing most to PAT completion times. To control for collinearity 

the VIF and Durbin–Watson statistics were used. A VIF <5 was used 

to indicate that no substantial collinearity was present and a Durbin– 

Watson statistic between 1.5 and 2.5 indicated that no autocorrelation 

was present. For data that were not normally distributed, data were 

fractionally ranked, and then normalized using the inverse DF, IDF. 

NORMAL transformation (51). A value of p of <0.05 was used to 

indicate statistical significance. 

 

Ӡ. Results     

In Table 1 we delineate the PAT times according to sex, age-group, 

cardiovascular health, musculoskeletal health, and physical fitness. 

The median PAT completion time was 369.5 (293.3, 488.8) seconds. It 

was higher in women than in men and increased with age (both 

p < 0.001). Firefighters with good relative cardiorespiratory fitness 

levels, good grip and leg strength, and good push-ups and sit-ups 

stamina had significantly faster completion times than firefighters 

with low cardiorespiratory fitness, grip and leg strength and push-ups 

and sit-ups stamina (all p < 0.001). Obese, physically inactive and 

firefighters with a poor cardiovascular health index had a significantly 

slower PAT completion time than non-obese physically active and 

those with an intermediate or good cardiovascular health index (all 

p < 0.001). Firefighters that reported upper body musculoskeletal 

injury had a slower PAT completion time than those without an injury 

(p = 0.048) and those that reported lower back musculoskeletal injury 

had a significantly slower completion time (p = 0.028). 

In Table 2 we describe the linear association between physical 

fitness and cardiovascular health in relation to PAT completion times. 

Based on physical fitness, the univariable linear regression analysis 
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TABLE 1 Descriptive statistics of firefighters according to age-category, sex, physical fitness, cardiovascular and musculoskeletal health. 
 

Variable N X ̃ (p25th–p75th) 

Demographic characteristics 

Age (years) 268 36.0 (29.0, 46.0) 

Years of experience (years) 268 12.0 (4.0, 19.0) 

Height (cm) 268 173.5 (169.1, 178.3) 

Weight (kg) 268 81.0 (72.5, 89.9) 

Physical fitness 

abV ̇O2max (L·min−1) 268 3.4 (3.3, 3.6) 

relV ̇O2max (mL·kg−1·min−1) 268 42.3 (38.4, 46.7) 

Grip strength (kg) 268 90.9 (80.0, 101.9) 

Leg strength (kg) 268 118.0 (101.6, 135.8) 

Push-ups (rpm) 268 30.0 (21.3, 41.0) 

Sit-ups (rpm) 268 30.0 (22.0, 36.0) 

Flexibility (cm) 268 44.0 (37.0, 50.0) 

Lean body mass (kg) 268 61.9 (54.9, 67.7) 

Cardiovascular health 

Body mass index (kg·m−2) 268 26.8 (23.9, 30.0) 

Body fat percentage (%) 268 19.5 (14.3, 26.1) 

Systolic blood pressure (mmHg) 268 137.2 (124.8, 144.9) 

Diastolic blood pressure (mmHg) 268 80.8 (73.7, 90.0) 

Total cholesterol (mmol·L−1) 268 4.5 (3.9, 5.3) 

Low-density lipoprotein cholesterol (mmol·L−1) 268 2.6 (2.0, 3.3) 

High-density lipoprotein cholesterol (mmol·L−1) 268 1.2 (1.1, 2.1) 

Triglycerides (mmol·L−1) 268 1.4 (0.9, 2.1) 

Non-fasting blood glucose (mmol·L−1) 268 5.4 (4.9, 6.1) 

Framingham risk score (%) 268 0.9 (0.2, 5.5) 

Lifetime ASCVD risk score▲
 266 50.0 (39.0, 50.0) 

10-year ASCVD risk score ¶
 108 5.4 (2.3, 8.9) 

Heart rate variability 

Heart rate variability (ms) 263 722.0 (633.0, 822.0) 

SDNN (ms) 263 33.4 (22.8, 47.5) 

RMSSD (ms) 263 24.5 (14.7, 38.9) 

LF (Hz) 263 0.09 (0.07, 0.11) 

HF (Hz) 263 0.17 (0.16, 0.21) 

LF/HF ratio (Hz) 263 2.79 (1.61, 5.20) 

Categories of physical ability test performance (time) 

Top performers 67 250.0 (226.0, 273.0) 

Above average performers 67 330.0 (309.0, 347.0) 

Below average performers 67 420.0 (384.0, 441.0) 

Poorest performers 67 601.0 (517.0, 728.0) 

 
N X ̃ (p25th–p75th) p§ Pass rate % (N) 

Physical ability test (seconds) 

Total firefighters# 268 369.5 (293.3, 488.8) 
 

81.3 (230) 

 (Continued) 
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TABLE 1 (Continued) 

 

 

 
N X ̃ (p25th–p75th) p§ Pass rate % (N) 

Sex 

Male 239 351.0 (286.0, 441.0)  
<0.001** 

87.7 (221) 

Female 29 654.9 (491.5, 852.5) 29.0 (9) 

Age-group 

20–29 years 71 337.0 (274.0, 425.0)  

 
<0.001** 

92.9 (65) 

30–39 years 86 338.0 (272.3, 443.8) 88.0 (81) 

40–49 years 67 430.0 (327.0, 550.0) 73.2 (52) 

50+ years 43 413.0 (321.0, 594.0) 64.0 (32) 

Physical fitness 

Good absolute cardiorespiratory fitness 139 322.0 (268.0, 390.0)  
<0.001** 

93.0 (132) 

Low absolute cardiorespiratory fitness 129 441.0 (347.5, 552.0) 69.5 (132) 

Good relative cardiorespiratory fitness 139 372.0 (298.0, 488.0)  
0.740 

83.2 (119) 

Low relative cardiorespiratory fitness 129 367.0 (287.5, 492.5) 79.3 (111) 

Good grip strength 142 320.5 (261.5, 428.5)  
<0.001** 

92.4 (134) 

Low grip strength 126 423.5 (337.0, 551.0) 68.9 (93) 

Good leg strength 143 327.0 (268.0, 409.0)  
<0.001** 

95.9 (141) 

Low leg strength 125 438.0 (337.0, 539.5) 64.7 (86) 

Good push-ups stamina 151 327.0 (262.0, 420.0)  
<0.001** 

90.8 (139) 

Low push-ups stamina 117 433.0 (352.5, 559.5) 69.3 (88) 

Good sit-ups stamina 151 334.0 (262.0, 438.0)  
<0.001** 

88.3 (136) 

Low sit-ups stamina 117 429.0 (330.0, 535.5) 72.2 (91) 

Good flexibility 146 351.5 (286.8, 483.8)  
0.321 

82.7 (124) 

Low flexibility 122 379.5 (304.5, 490.0) 79.2 (103) 

Cardiovascular health 

Aged 70 428.5 (340.0, 536.3)  
<0.001** 

69.6 (55) 

Young 198 346.5 (277.0, 461.0) 85.8 (175) 

Obesity 68 392.0 (324.8, 606.0)  
<0.001** 

66.7 (50) 

Non-obese 200 351.5 (281.0, 460.0) 86.5 (180) 

Central obesity 129 390.0 (30.8.0, 535.5)  
<0.001** 

74.1 (103) 

No central obesity 139 337.0 (281.0, 441.0) 88.2 (127) 

Hypertension 122 357.0 (292.0, 495.8)  
0.930 

77.5 (100) 

Normotensive 146 380.0 (293.8, 485.0) 84.4 (130) 

Dyslipidaemia 86 390.5 (295.5, 532.3)  
0.076 

77.1 (74) 

Normal 182 352.5 (290.5, 455.5) 83.4 (156) 

Hypertriglyceridemia 101 377.0 (302.4, 460.5)  
0.921 

87.2 (95) 

Normal 167 354.0 (291.0, 499.0) 77.6 (135) 

Diabetes 12 434.0 (325.8, 29.5)  
0.237 

78.6 (11) 

Normal 256 366.0 (293.0, 487.0) 81.4 (219) 

Physical inactivity 190 394.5 (312.8, 507.3)  
<0.001** 

76.8 (146) 

Physically active 93 319.5 (255.0, 379.5) 90.3 (84) 

Cigarette smoker 97 377.0 (306.5, 460.5)  
0.461 

85.7 (84) 

Non-smoker 171 357.0 (285.2, 495.0) 78.9 (146) 

Poor diet 1 725.0 (725.0, 725.0)  
0.029* 

0.0 (1) 

Intermediate diet 44 403.0 (330.0, 529.8) 73.9 (34) 

Good diet 223 357.0 (286.0, 477.0) 83.1 (196) 
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TABLE 1 (Continued) 

 

 N X ̃ (p25th–p75th) p§ Pass rate % (N) 

Poor CVHI 83 429.0 (320.0, 533.0)  
<0.001** 

76.9 (70) 

Intermediate CVHI 151 337.0 (270.0, 441.0) 84.4 (135) 

Good CVHI 32 393.5 (326.3, 506.0) 78.1 (25) 

Musculoskeletal health 

Musculoskeletal injury 110 377.5 (297.0, 499.0)  
0.150 

79.8 (95) 

No injury 157 354.0 (290.0, 478.0) 82.2 (134) 

Upper body musculoskeletal injury 54 402.0 (317.5, 527.3)  
0.048* 

76.3 (45) 

No injury 214 360.5 (286.0, 465.0) 82.6 (185) 

Lower body musculoskeletal injury 63 374.0 (294.0, 490.0)  
0.873 

81.8 (54) 

No injury 205 369.0 (293.0, 488.5) 81.1 (176) 

Lower back injury 20 480.5 (328.3, 561.8)  
0.028* 

68.2 (15) 

No injury 248 364.0 (289.5, 477.8) 82.4 (215) 

Musculoskeletal discomfort 111 374.0 (281.0, 499.0)  
0.722 

80.3 (94) 

Without musculoskeletal discomfort 157 364.0 (294.0, 483.0) 81.9 (136) 

Upper body discomfort 96 373.0 (293.8, 504.3) 0.655 81.9 (81) 

Without musculoskeletal discomfort 172 367.5 (293.3, 478.8) 80.2 (149) 

Lower body discomfort 64 345.0 (274.0, 482.8) 0.266 80.9 (55) 

Without musculoskeletal discomfort 204 370.0 (298.5, 493.8) 81.4 (175) 

Lower back discomfort 57 377.0 (298.9, 552.5) 0.161 83.3 (46) 

Without musculoskeletal discomfort 211 364.0 (291.0, 478.0) 74.2 (184) 

 

X ̃, median; p25th–p75th, 25th percentile to 75th percentile; CVHI, cardiovascular health index; ASCVD, atherosclerotic cardiovascular disease; V ̇O2max, oxygen consumption; L·min−1, litres per min; 

mL·kg−1·min−1, millilitres per kilogram per minute; mmol·L−1, millimole per litre; mmHg, millimetres mercury; kg, kilogram; kg·m−2, kilogram per meter squared; cm, centimetres; Hz, hertz; ms, 

milliseconds; %, percentage; cm, centimetres; rpm, repetitions per minute; SDNN, standard deviation of all normal -to-normal; RMSSD, root-mean-square of successive differences; LF, low-

frequency; HF, high frequency; LF/HF, low and high frequency ratio; p, significance level; §, Mann–Whitney U analysis; ¶, indicates that only firefighters over the age of 40 years were included; 
▴, indicates that only firefighters under the age of 60 were included. 

 

indicated that there was a significant negative linear association 

between abV ̇O2max, grip strength, leg strength, push-ups, sit-ups, lean 

body mass LBM and PAT completion times in firefighters. In the 

multivariable analysis, after adjustment for age and sex, firefighters 

with a higher abV ̇O2max, grip and leg strength, push-ups and sit-ups 

capacity and LBM performed the PAT significantly faster (all p 

< 0.001). After height and weekly MET minutes were included in the 

model, firefighters with a higher grip and leg strength, push-ups and 

sit-ups capacity and LBM performed the PAT significantly faster (all p 

< 0.001). These results support the research hypothesis that 

occupational performance is inversely associated with physical fitness in 

firefighters. 

When evaluating cardiovascular health, univariable analysis 

indicated significant positive associations were found between age, 

BMI, BF%, diastolic blood pressure, Framingham risk score and PAT 

completion times, and negative relationship was found between 

weekly MET minutes and PAT completion times. In the multivariate 

analysis, after adjustment for sex, an increase in age (p < 0.001) was 

associated with slower PAT completion times. When height and 

Weekly MET minutes were included, an increase in age (p < 0.001) 

remained associated with slower PAT completion times. For weekly 

MET minutes, after adjustment for age and sex, an increase in weekly 

MET minutes (p = 0.004) was associated with faster associated PAT 

completion times. After height was included in the model, firefighters 

with a higher total weekly MET minutes (p < 0.001) remained 

associated with faster PAT completion times. The results support the 

hypothesis of the study, however, after robust analysis only age and 

weekly MET minutes remained significantly associated with PAT 

completion times. 

When evaluating HRV, the univariable analysis indicated that 

firefighters that had a higher HRV, SDNN, RMSSD and LF performed the 

PAT significantly faster. After adjustment for age, sex, height and 

weekly MET minutes, an increase in HRV and SDNN remained 

associated with faster PAT completion times. These results support the 

hypothesis that cardiovascular health is positively associated with 

occupational performance in firefighters. 

In Table 3, using logistic regression, we present the association 

between physical fitness, cardiovascular health and musculoskeletal 

health variables and PAT performance times in firefighters. Firefighters 

with good absolute cardiorespiratory fitness, grip strength, leg 

strength, push-up capacity, and sit-up capacity had increased odds of 

passing the PAT (all p < 0.001). After adjustment for age and sex, a 

good absolute cardiorespiratory fitness (p < 0.001), grip (p < 0.012), 

and leg strength (p < 0.001) remained significantly associated to an 

increased odds of passing the PAT. In model 3, after adjustment for 

age, sex, height and weekly MET minutes, good absolute 

cardiorespiratory fitness, grip and leg strength increased the odds of 

firefighter passing the PAT, which support the hypothesis of the study. 

Univariable analysis found that age, obesity (p = 0.002), high BF% 

(p < 0.001), central obesity (p < 0.001), hypertriglyceridemia (p 

= 0.047), and physical inactivity (p = 0.018) decreased the odds of 

firefighters passing the PAT. After adjustment for age, height and 
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TABLE 2 Linear regression assessing the association between physical fitness, cardiovascular health and musculoskeletal health variables, and PAT completion times. 
 

 
 

 

B 

Univariable linear 

models 
Multivariable linear models 

Model 1 Model 2a

 Model Ӡ b

 

SE β R
2 Value of p B SE β R

2 Value of p B SE β R
2 Value of p 

Model: Physical ability test (s) 

abV̇O2max (L·min−1) −284.41 36.78 −0.182 0.186 <0.001** −204.04 34.87 −0.308 0.358 <0.001** −111.43 35.22 −0.159 0.451 0.002** 

relV̇O2max (mL·kg−1·min−1) −0.206 1.78 −0.007 0.000 0.908 3.368 1.874 0.116 0.282 0.074 −0.47 1.77 −0.016 0.419 0.790 

Grip strength (kg) −5.11 0.53 −0.531 0.265 <0.001** −3.70 0.564 −0.369 0.377 <0.001** −2.64 0.55 −0.263 0.476 <0.001** 

Leg strength (kg) −3.12 0.33 −0.509 0.277 <0.001** −2.09 0.34 −0.341 0.367 <0.001** −1.57 0.32 −0.257 0.479 <0.001** 

Push-ups (rpm) −5.36 0.71 −0.421 0.175 <0.001** −4.05 0.72 −0.319 0.356 <0.001** −4.29 0.63 −0.339 0.520 <0.001** 

Sit-ups (rpm) −6.98 0.96 −0.409 0.165 <0.001** −5.35 0.93 −0.313 0.355 <0.001** −5.36 0.82 −0.315 0.511 <0.001** 

Sit-and-reach (cm) −1.48 1.19 −0.076 0.006 0.249 −2.080 1.05 −0.107 0.285 0.049* −1.76 0.94 0.94 0.427 0.063 

Lean body Mass (kg) −8.28 1.00 −0.453 0.207 <0.001** −7.55 1.08 −0.413 0.391 <0.001** −4.25 1.24 −0.233 0.456 <0.001** 

Model: Physical ability test (s) 

Age (years)§
 5.02 1.03 0.286 0.084 <0.001** 5.22 0.92 0.297 0.275 <0.001** 4.81 0.83 0.274 0.430 <0.001** 

Body mass index (kg·m−2) 5.37 2.45 0.134 0.022 0.029* −0.32 2.26 −0.008 0.275 0.888 −1.44 2.02 −0.036 0.431 0.477 

Bodyfat percentage (%) 6.26 1.09 0.333 0.112 <0.001** 1.69 1.14 0.090 0.281 0.140 0.96 1.03 0.051 0.432 0.352 

Waist circumference (cm) 1.13 0.87 0.079 0.007 0.198 0.09 0.89 0.006 0.275 0.920 0.71 0.79 0.050 0.432 0.369 

Systolic blood pressure (mmHg) −1.19 0.71 −0.103 0.008 0.094 −1.10 0.64 −0.09 0.283 0.086 −0.58 0.58 −0.49 0.432 0.319 

Diastolic blood pressure (mmHg) 2.02 0.94 0.131 0.024 0.032* 0.69 0.85 0.045 0.277 0.416 0.53 0.76 0.035 0.431 0.483 

Total cholesterol (mmol·L−1) 8.56 8.41 0.007 0.003 0.310 −6.39 7.64 −0.047 0.277 0.404 −5.70 6.83 −0.42 0.432 0.405 

LDL-C (mmol·L−1) 9.41 9.98 0.058 0.03 0.347 −6.19 8.91 −0.038 0.276 0.488 −6.26 7.96 −0.038 0.432 0.433 

HDL-C (mmol·L−1) −5.97 29.05 −0.013 0.00 0.837 −68.53 25.68 −0.145 0.296 0.008** −61.74 22.94 −0.130 0.451 0.008** 

Triglycerides (mmol·L−1) 15.45 9.93 0.095 0.009 0.121 13.32 8.99 0.082 0.281 0.140 7.79 8.06 0048 0.432 0.334 

Non-fasting blood glucose (mmol·L−1) 0.98 8.18 0.062 0.000 0.905 −4.86 7.13 −0.037 0.278 0.496 −9.08 6.38 −0.068 0.436 0.156 

Diet (score) 8.58 5.12 0.102 0.010 0.095 1.82 4.46 0.022 0.275 0.684 5.34 3.99 0.064 0.434 0.183 

Weekly MET minutes (MET·min−1)¶
 −0.02 0.00 −0.247 0.061 <0.001** −0.01 0.00 −0.203 0.313 0.004** −0.011 0.003 −0.179 0.430 <0.001** 

Framingham risk score (%) 5.69 1.99 0.173 0.030 0.005** 5.09 3.00 0.155 0.283 0.099 3.94 2.69 0.120 0.435 0.146 

Model: Physical ability test (s) 

Heart rate variability (ms) −0.24 −0.20 −0.202 0.041 0.001** −0.23 0.06 −0.190 0.313 <0.001** −0.135 0.058 −0.112 0.443 0.021* 

SDNN (ms) −2.14 0.49 −0.261 0.065 <0.001** −1.53 0.45 −0.187 0.300 <0.001** −0.962 0.413 −0.118 0.438 0.021* 

RMSSD (ms) 1.41 0.42 −0.203 0.039 <0.001** −1.03 0.38 −0.148 0.289 0.006** −0.600 0.345 −0.087 0.433 0.083 

LF (Hz) −1126.63 412.19 −0.167 0.023 0.007** −303.40 371.38 −0.045 0.280 0.415 −204.42 332.74 −0.030 0.433 0.540 

HF (Hz) 212.42 176.63 0.074 0.005 0.230 83.34 152.09 0.029 0.279 0.584 95.11 136.29 0.033 0.433 0.486 

LF/HF (Hz) −1.00 2.54 −0.024 0.001 0.694 −0.03 2.19 −0.001 0.278 0.989 −0.09 1.97 −0.002 0.432 0.965 

*indicates statistically significance <0.05 and **indicates statistical significance <0.01; V̇O2max, oxygen consumption; L·min−1, litres per min; mL·kg−1·min−1, millilitres per kilogram per minute; mmol·L−1, millimole per litre; mmHg, millimetres mercury; kg, kilogram; kg·m−2, 

kilogram per meter squared; cm, centimetres; Hz, hertz; ms, milliseconds; %, percentage; MET·min−1, metabolic equivalent minutes; rpm, repetitions per minute; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; SDNN, standard 

deviation of all normal-to-normal; RMSSD, root-mean-square of successive differences; LF, low-frequency; HF, high frequency; LF/HF, low and high frequency ratio; B, unstandardized beta coefficient; SE, standard error; β, standardized beta coefficient; R2, R squared; §, 

age was removed as a covariate in the adjustment; ¶, weekly MET minutes removed as a covariate in the adjustment. 
aMultivariable logistic regression adjusted for age and sex. 
bMultivariable logistic regression adjusted for age, sex, height, and weekly MET minutes. 
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TABLE Ӡ Logistic regression assessing the association between physical fitness, cardiovascular health, and musculoskeletal health variables and PAT 

performance (passing the PAT). 

 

 
Univariable logistic models Multivariable logistic models 

Model 1 Model 2
a

 Model Ӡ b

 

OR (95% CI) Value of p OR (95% CI) Value of p OR (95% CI) Value of p 

Model: PAT performance 

Good absolute cardiorespiratory fitness 5.75 (2.75, 12.00) <0.001 4.07 (1.72,9.64) 0.001** 3.20 (1.32, 7.75) 0.010* 

Good relative cardiorespiratory fitness 1.29 (0.711, 2.36) 0.397 1.42 (0.57, 3.52) 0.453 1.04 (0.40, 2.68) 0.413 

Good grip strength 5.78 (2.606, 12.80) <0.001** 3.16 (1.28, 7.76) 0.012* 2.67 (1.01, 7.06) 0.049* 

Good leg strength 12.99 (5.33, 31.68) <0.001** 5.56 (2.12, 14.57) <0.001** 4.97 (1.87,13.24) 0.001** 

Good push-ups stamina 4.40 (2.26, 8.57) <0.001** 1.62 (0.73, 3.57) 0.083 2.34 (0.96, 5.71) 0.063 

Good sit-ups stamina 2.91 (1.55, 5.44) <0.001** 0.62 (0.28, 1.37) 0.235 1.69 (0.75, 3.79) 0.206 

Good flexibility 1.25 (0.69, 2.28) 0.465 1.54 (0.72, 3.29) 0.264 1.59 (0.73, 3.48) 0.248 

Model: PAT performance 

Sex¶
 0.06 (0.02, 0.14) <0.001** 0.03 (0.01, 0.08) <0.001** 0.08 (0.02, 0.26) <0.001** 

Aged§
 0.38 (0.20, 0.71) 0.002** 0.89 (0.86, 0.93) <0.001** 0.89 (0.85, 0.93) <0.001** 

Obesity 0.31 (0.17, 0.58) <0.001** 0.54 (0.86, 0.94) 0.117 0.61 (0.27, 1.38) 0.238 

High BF% 0.32 (0.17, 0.60) <0.001** 0.75 (0.34, 1.67) 0.479 0.91 (0.39, 2.11) 0.832 

Central obesity 0.32 (0.17, 0.59) <0.001** 0.81 (0.36, 1.83) 0.613 0.99 (0.43, 2.29) 0.990 

Hypertension 0.64 (0.35, 1.16) 0.140 0.95 (0.43, 2.09) 0.888 0.94 (0.41, 2.26) 0.886 

Dyslipidaemia 0.67 (0.36, 1.23) 0.197 1.34 (0.62, 2.90) 0.462 1.25 (0.56, 2.77) 0.588 

Hypertriglyceridemia 0.51 (0.26, 0.99) 0.047* 0.47 (0.21, 1.05) 0.065 2.01 (0.89, 4.55) 0.093 

Diabetes 0.84 (0.23, 3.11) 0.791 1.47 (0.29, 7.23) 0.636 1.56 (0.30, 8.13) 0.595 

Cigarette smoking 1.60 (0.82, 3.12) 0.166 0.91 (0.41, 2.02) 0.813 0.78 (0.33, 1.85) 0.579 

Physical inactivity 0.43 (0.22, 0.86) 0.018* 0.34 (0.1.44, 0.82) 0.016* 0.35 (0.13, 0.96) 0.041* 

Poor diet 1.54 (0.75, 3.17) 0.244 0.99 (0.41, 2.41) 0.987 1.26 (0.50, 3.17) 0.624 

CVHI (Good) 

Intermediate CVHI 1.62 (0.85, 3.09) 0.145 1.56 (0.71, 3.44) 0.268 1.33 (0.58, 3.06) 0.496 

Poor CVHI 1.07 (0.41, 1.83) 0.889 1.13 (0.28, 4.63) 0.867 0.88 (0.21, 3.68) 0.861 

Model: PAT performance▲ 

Heart rate variability 1.003 (1.001, 1.005) 0.009** 1.003 (1.001, 1.006) 0.011* 1.003 (1.000, 1.006) 0.039* 

SDNN 1.025 (1.010, 1.041) <0.001** 1.018 (0.999, 1.037) 0.066 1.016 (0.996, 1.037) 0.117 

RMSSD 1.018 (1.006, 1.031) 0.005** 1.015 (0.999, 1.032) 0.060 1.014 (0.997, 1.032) 0.104 

LF 34.7222 (4.100, 294.071) 0.001** 3.225 (0.227, 45.790) 0.387 4.850 (0.298, 79.049) 0.267 

HF 0.222 (0.002, 29.422) 0.546 0.216 (0.002, 28.821) 0.540 1.281 (0.003, 537.546) 0.936 

LF/HF 1.013 (0.945, 1.087) 0.709 0.898 (0.902, 1.085) 0.989 0.977 (0.887, 1.076) 0.642 

Model: PAT performance 

Musculoskeletal injury 0.86 (0.47, 1.59) 0.634 1.66 (0.77, 3.56) 0.193 1.63 (0.74, 3.58) 0.228 

Upper limb injuries 0.68 (0.34, 1.35) 0.270 0.0.83 (0.35, 1.95) 0.665 0.86 (0.35, 2.12) 0.748 

Lower limb injuries 0.95 (0.47, 1.94) 0.897 0.46 (0.18, 1.15) 0.095 0.47 (0.18, 1.19) 0.110 

Lower back injury 0.46 (0.18, 1.19) 0.111 0.39 (0.13, 1.22) 0.106 0.39 (0.12, 1.27) 0.118 

Musculoskeletal discomfort 0.90 (0.49, 1.65) 0.736 1.16 (0.55, 2.45) 0.699 1.09 (0.50, 2.6) 0.833 

UBMSD 0.89 (0.48, 1.66) 0.730 0.95 (0.44, 2.05) 0.904 0.90 (0.49, 1.68) 0.746 

LBMSD 0.97 (0.48, 1.94) 0.925 1.32 (0.56, 3.10) 0.519 0.97 (0.49, 1.95) 0.938 

Lower back discomfort 0.58 (0.29, 1.14) 0.112 0.59 (0.26, 1.39) 0.232 0.65 (0.27, 1.57) 0.339 

*indicates statistically significance <0.05 and **indicates statistical significance <0.01. OR, odds ratio; SE, standard error; CI, confidence intervals; ¶, sex removed as a covariate in the adjustment; 
§, age was removed as a covariate in the adjustment; ▴, continuous independent variable; SDNN, standard deviation of all normal-to-normal; RMSSD, root-mean-square of successive differences; 

LF, low-frequency; HF, high frequency; LF/HF, low and high frequency ratio. 
aMultivariable logistic regression adjusted for age and sex. 
bMultivariable logistic regression adjusted for age, sex, height, and weekly MET minutes. 
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weekly MET minutes female (p < 0.001) firefighters were less likely to 

pass PAT. When adjusting for sex, height and weekly MET minutes, 

aged firefighters were less likely to pass the PAT (p < 0.001). After 

adjustment for age, sex, height and weekly MET minutes physically 

inactive (p = 0.018) firefighters were less likely to pass the PAT. 

Moreover, we found that an increase in HRV, SDNN, RMSSD and LF 

were significantly associated with an increase in PAT pass rates (all p < 

0.01). After adjustment, only an increase in HRV was associated with 

an increased odds of firefighters passing the PAT (p = 0.039). 

A backward stepwise multiple regression reported that the 

variation of abV ̇O2 m a x ,  grip strength, leg strength, push-ups, sit-ups 

and LBM used in the model explained a significant proportion (49.0%) 

of the variation observed in PAT completion times [F(7, 256) = 40.1, 

p < 0.001] (Supplementary Table S1). The variation in age, BMI, 

systolic blood pressure, diastolic blood pressure and weekly MET 

minutes used in the model explained a significant proportion (30.1%) 

of the variation of PAT completion times [F(6, 256) = 18.4, p < 0.001]. 

The model that included both physical fitness and cardiovascular 

health parameters showed that the variation in weekly MET minutes, 

BF%, abV ̇O2max, grip strength, leg strength and sit-ups explained the 

highest proportion (50.5%) on the variation of PAT completion times 

[F(6, 256) = 45.6, p < 0.001]. These results are consistent with the 

hypothesis, indicating that physical fitness and cardiovascular health 

contribute significantly to the occupational performance in firefighters.                      

In Table 4 we explore the differences between the physical fitness 

and cardiovascular health of firefighters based on performance on the 

PAT. The results of the MANCOVA indicated that there was a 

significant difference between the performance categories on the PAT 

and physical fitness, where firefighters with higher levels of physical 

fitness were more likely to be better performers on the PAT, controlling 

for age, sex, height and BMI [F(9, 750) = 3.5, p < 0.001, Pillai’s Trace 

V = 0.305]. ANCOVA indicated that abV ̇O2max (p < 0.001), relV ̇O2max (p 

= 0.032), grip strength (p = 0.001), leg strength (p < 0.001), push-ups (p 

< 0.001), sit-ups (p < 0.001), and LBM (p < 0.001) was significantly 

different and more likely to be higher between highest and lowest 

performance groups on the PAT. After Bonferroni correction, 

abV ̇O2max, grip strength, leg strength, push-ups and sit-ups remained 

robust to the adjustment. Notably, relV ̇O2m ax and LBM were no longer 

significant after the correction. 

Based on cardiovascular health, MANCOVA indicated that there 

was a significant difference between the performance categories on the 

PAT and cardiovascular health parameters, where firefighters with 

worse a cardiovascular health were more likely to be poorer performers 

on the PAT, controlling for sex, height and weekly MET minutes [F(14, 

741) = 2.7, p < 0.001, Pillai’s Trace V = 0.393]. ANCOVA indicated that 

age (p < 0.001), non-fasting blood glucose (p = 0.031), triglycerides 

(p = 0.033), weekly MET minutes (p < 0.001), and Framingham risk 

score (p < 0.001) was significantly different and more likely to be lower 

between the highest and lowest performance groups. After Bonferroni 

correction age, weekly MET minutes and Framingham risk score 

remained robust to the correction. Non-fasting blood glucose and 

triglycerides did not remain significant after Bonferroni correction. 

 

4. Discussion 

Our results indicated that younger, non-obese firefighters, with a 

higher physical fitness and lower cardiovascular disease risk score, had 

significantly faster PAT completion times (better occupational 

performance) and higher pass rates. In addition, the top performing 

(highest quartile) firefighters had significantly higher abV ̇O2max, grip 

and leg strength and push-ups and sit-ups capacity compared to the 

poorest performers and, unsurprisingly, firefighters with a higher 

physical fitness level performed best on the PAT, while having the 

highest pass rates. The results were consistent with what has been 

reported in the literature, which consistently shows that firefighters 

that have a higher cardiorespiratory fitness level, muscular strength 

and endurance, and a more favourable body composition perform 

best on the occupational performance simulation protocols (5, 13, 14, 

52). Physically fit firefighters are likely able to sustain a high work-rate 

for the duration of the occupational testing, completing the sequence 

of tasks faster. We found that firefighters aged 45 years or older, with a 

BMI of 30 kg·m−2 or higher had the slowest times on the PAT, 

especially those with other comorbidities. These results are consistent 

with previous studies, which indicated that age and obesity are 

significant predictors of occupational performance in firefighters (5, 

13, 53–55). This is likely due to the age-related decline in 

cardiorespiratory fitness, muscular strength and lean body mass, that is 

often accompanied by the accumulation of fat mass (32, 56–58). The 

association between a better overall cardiovascular health status and 

better occupational performance may be indirectly related to these 

participants, generally, being more physically active and having a 

better physical fitness level, particularly cardiorespiratory fitness, 

which has been shown to be significantly associated in the literature 

(29, 59, 60). The results may inform policy makers and fire department 

heads in Cape town on the importance of firefighters maintaining an 

acceptable level of physical fitness, cardiovascular health and 

musculoskeletal health in order to perform their duties with sufficient 

rigor and efficiency, which will also contribute toward their overall 

health and wellbeing while in the fire service. These results also 

highlight the importance of annual health screenings and physical 

fitness testing for firefighters. 

The current results indicated that higher absolute cardiorespiratory 

fitness was significantly related to faster occupational completion times 

in firefighters. Firefighters who had the highest estimated 

cardiorespiratory fitness levels, were the top performers. This is 

supported by previous literature which reported that measured 

cardiorespiratory fitness is essential for occupational performance in 

firefighters (13, 61, 62). After adjustment for covariates, the differences 

in absolute and relative cardiorespiratory fitness were small, perhaps 

due to cardiorespiratory fitness being estimated in the present study, 

rather being measured using physical testing. Previous studies (3, 7, 63) 

have recommended that firefighters should maintain a cardiorespiratory 

standard of 42 mL·kg−1·min−1. However, in the present study, meeting 

the minimum cardiorespiratory fitness standard of 42 mL·kg−1·min−1 

was not a significant factor in passing the PAT, rather absolute 

cardiorespiratory fitness played a more central role in PAT performance. 

Siddall et al. (52, 63) noted that in firefighters in the United Kingdom, 

the required oxygen consumption (and thus the percent of V ̇O2m a x  

needed) fluctuates significantly based on the task performed, which 

may explain why this standard was not related to passing the current 

PAT. Although meeting the standard of 42 mL·kg−1·min−1 was not 

needed to pass the PAT in the current study, firefighters with a higher 

absolute and relative V ̇O2 m a x  completed the PAT significantly quicker. 

In the current results, after adjustment, the top performers and poorest 

performers showed a mean absolute cardiorespiratory fitness level of 
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TABLE 4 Multivariable comparisons evaluating the difference between physical fitness and cardiovascular health parameters based on physical ability test performance. 

 

 

 

 

Variable 

 

 

 

V 

 

G1 

 

G2 

 

GӠ 

 

G4 

 

 

 

F 

Value of p 

 
Stepwise comparisons

†

 

Top performers 

(n = 65) 

Above 

average 

(n = 67) 

Below 

average 

(n = 67) 

Poorest 

performers 

(n = 65) 

 

 

Overall 

 

G1 vs. 

G2 

 

 

G1 vs. GӠ 

 

 

G1 vs. G4 

 

G2 vs. 

GӠ 

 

G2 vs. 

G4 

 

GӠ vs. 

G4 

x̄ (SE) x̄ (SE) x̄ (SE) x̄ (SE) 

Pillai’s Trace 0.305 
    

3.5 <0.001** 
      

abV̇O2max (L·min−1) 
 

3.59 (0.02) 3.46 (0.02) 3.39 (0.02) 3.36 (0.02) 6.8 <0.001** 0.789 0.002** <0.001** 0.121 0.015* 1.000 

relV̇O2max (mL·kg−1·min−1) 
 

43.20 (0.31) 43.24 (0.28) 42.40 (0.28) 42.09 (0.32) 2.9 0.032* 1.000 0.383 0.149 0.223 0.065 1.000 

Grip strength (kg) 
 

97.11 (1.87) 90.44 (1.68) 88.23 (1.69) 86.11 (1.94) 5.6 0.001** 0.038* 0.004** 0.001** 1.000 0.638 1.000 

Leg strength (kg) 
 

128.2 (3.18) 120.84 (2.87) 113.79 (1.89) 107.67 (3.31) 6.3 <0.001** 0.455 0.007** <0.001** 0.512 0.025* 0.971 

Push-ups (rpm) 
 

39.43 (1.54) 34.29 (1.38) 28.93 (1.39) 24.61 (1.59) 14.2 <0.001** 0.064 <0.001** <0.001** 0.042* <0.001** 0.247 

Sit-ups (rpm) 
 

34.72 (1.17) 29.58 (1.05) 28.68 (1.06) 23.55 (1.21) 12.4 <0.001** 0.005** 0.001** <0.001** 1.000 0.002** 0.009** 

Sit-and-reach (cm) 
 

45.92 (1.17) 43.02 (1.06) 42.14 (1.06) 41.82 (1.22) 2.3 0.082 – – – – – – 

Lean body Mass (kg) 
 

61.75 (0.68) 61.24 (0.61) 61.00 (0.62) 58.76 (0.71) 3.1 0.027* 1.000 1.000 0.033* 1.000 0.067 0.098 

Pillai’s Trace 0.393 
    

2.7 <0.001** 
      

Age (years) 
 

33.45 (1.27) 36.31 (1.18) 38.62 (1.19) 44.39 (1.31) 11.3 <0.001** 0.562 0.024* <0.001** 1.000 <0.001** 0.008** 

BMI (kg·m−2) 
 

27.33 (0.58) 27.27 (0.54) 27.14 (0.55) 27.33 (0.60) 0.0 0.994 – – – – – – 

WC (cm) 
 

90.29 (1.59) 92.02 (1.49) 93.33 (1.51) 96.47 (1.65) 2.2 0.084 – – – – – – 

BF% (%) 
 

20.94 (1.12) 20.13 (1.04) 20.33 (1.06) 23.29 (1.15) 1.6 0.197 – – – – – – 

SBP (mmHg) 
 

136.52 (1.97) 137.40 (1.83) 132.82 (1.86) 136.83 (2.03) 1.3 0.291 – – – – – – 

DBP (mmHg) 
 

79.47 (1.52) 83.44 (1.41) 81.27 (1.44) 82.98 (1.57) 1.5 0.222 – – – – – – 

NFBG (mmol·L−1) 
 

5.89 (0.18) 5.29 (0.16) 5.67 (0.18) 5.89 (0.18) 2.9 0.031* 0.064 1.000 1.000 0.657 0.098 1.000 

TC (mmol·L−1) 
 

4.64 (0.17) 4.70 (0.16) 4.69 (0.16) 4.92 (0.18) 0.4 0.718 – – – – – – 

LDL-C (mmol·L−1) 
 

2.70 (0.14) 2.67 (0.14) 2.64 (0.13) 2.91 (0.15) 0.7 0.565 – – – – – – 

HDL-C (mmol·L−1) 
 

1.39 (0.05) 1.29 (0.04) 1.23 (0.04) 1.26 (0.05) 2.1 0.091 – – – – – – 

Triglycerides (mmol·L−1) 
 

1.36 (1.14) 1.55 (0.13) 1.91 (1.33) 1.81 (1.15) 2.9 0.033* 0.188 0.198 0.216 0.187 0.201 0.197 

Diet (score) 
 

9.46 (0.28) 9.92 (0.26) 9.93 (0.26) 10.48 (0.29) 1.9 0.127 – – – – – – 

Weekly METs (MET·min−1) 
 

3983.5 (369.4) 4139.4 (343.8) 2716.5 (349.8) 1800.7 (381.7) 7.9 <0.001** 1.000 0.091 <0.001** 0.024* <0.001** 0.464 

Framingham risk score (%) 
 

1.03 (0.66) 2.56 (0.62) 4.04 (0.63) 6.09 (0.68) 8.9 <0.001** 0.506 0.008** <0.001** 0.564 0.001** 0.162 

Univariable comparisons of each parameter of physical fitness and cardiovascular health. Stepwise comparisons of each perform ance category after Bonferroni correction. *indicates statistical significance <0.05 and **indicates statistical significance <0.01. Physical fitness 

MANCOVA: adjusted for age, sex, height, and body mass index. Cardiovascular health MANCOVA: adjusted for sex, height and weekly MET minutes. x̄, adjusted mean; SE, standard error; †, indicates Bonferroni correction; V, Pillai’s trace; F, test statistic ANOVA; G1, 

top performers; G2, above average performers; G3, below average performers; G4, below average performers; V̇O2max, oxygen consumption; L·min−1, litres per min; mL·kg−1·min−1, millilitres per kilogram per minute; mmol·L−1, millimole per litre; mmHg, millimetres 

mercury; kg, kilogram; kg·m−2, kilogram per meter squared; cm, centimetres; %, percentage; MET·min−1, metabolic equivalent minutes; rpm, repetitions per minute. 
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3.59 vs. 3.36 L·min−1 and 43.2 vs. 42.1 mL·kg−1·min−1, and a median 

completion time of 250.0 s vs. 601.0 s. Fitter firefighters may be able to 

sustain a high physical work rate for an extended period of time (52, 

64), allowing firefighters to complete the tasks swiftly. Firefighters were 

allowed a 20 s full recovery period between tasks, which may account 

for the absence of significance between firefighters that met the 

requirement of 42 mL·kg−1·min−1 and those that did not. A similar 

observation was made by Rhea et al. (13) which noted that providing 

firefighters a full recovery period between tasks lessened the 

cardiovascular fitness level required for each task. However, the study 

used a 10 min recovery, which is significantly higher than the 

present study. 

We found that an increase in grip and leg strength were 

significantly associated to faster PAT completion times. Similarly, 

Rhea et al. (13) reported that in a cohort of 20 full-time firefighters 

from the Unites States, bench press (r = −0.66), squat (r = −0.30), and 

grip strength (r = −0.71) were inversely related to occupational 

performance. Moreover, higher strength levels in either the upper or 

lower body enhanced the performance on specific tasks that taxed 

either the upper body or lower body more. In addition, firefighters 

who performed best on tasks, such as the hose drag and pull, which 

equally taxed the upper and lower body, were those that had the 

highest upper and lower body strength levels (13). This was supported 

by studies conducted by Michaelides et al. (5, 6) that reported that in 

a cohort of 72 firefighters from Arkansas, United States, abdominal 

(r = −0.53), bench press (r = −0.31), and squat (r = −0.22) strength 

were inversely related to ability test performance, performing the 

ability test quicker than weaker firefighters. Chizewski et al. (7) 

corroborates these findings where the study noted that in 89 full-time 

from Illinois, United States, firefighters an increase in bench press 

strength significantly reduced the total occupational performance 

completion time and for each task in the battery. A study noted that 

between the fastest and slowest performers there was a 13% difference 

in strength levels (3). von Heimburg et al. (38) reported that in 

firefighters from Trondheim, Norway, a minimum muscular strength 

level is required to perform tasks efficiently and beyond this point little 

benefit is gained for an increase in muscular strength capacity. The 

PAT test used in the present study required firefighters to have the 

ability to produce substantial force, particularly in the step-up and 

hose drag and pull tasks, which is designed to exhaust the lower 

extremities. This is not exclusive to the current study, as previous 

studies have noted that leg strength and grip strength have been 

related to the stair climb and hose drag tasks, respectively (13, 65–67). 

Notably, in the current study, an increase in leg strength was associated 

with an increase in the likelihood (OR = 4.97) of passing the PAT, more 

so than the other physical fitness variables. In contrast, though studies 

have found leg strength was significantly associated with occupational 

performance, these studies did not report similar strengths in the 

association between leg strength and occupational performance, as in 

the present study (5, 6, 13, 14). It is likely that different occupational 

performance testing protocols tax different aspects of physical fitness 

and put emphasis on different muscle groups, making them very 

particular to the fire departments testing protocols (7, 36, 38). 

We noted that sit-ups and push-ups were inversely associated to 

PAT completion times. Michaelides et al. (6) reported that sit-ups 

(r =−0.27) and push-ups (r =−0.31) were inversely related to 

occupational performance in firefighters. Another study by Michaelides 

et al. (5) reported that muscular endurance was significant in the 

prediction model for occupational performance in firefighters. Similarly, 

Chizewski et al. (7) reported that sit-ups (r =−0.407) and push-ups 

(r =−0.380) were inversely related to occupational performance and, 

together, explained 45% of the variance in occupational performance 

times when entered into the regression model. Rhea et al. (13) further 

supports this where the study reported that higher endurance capacity 

in the row (r =−0.61), bench press (r =−0.71), shoulder press (r 

=−0.73), biceps curl (r =−0.69), squat (r =−0.47), abdominal curl (r 

=−0.24), and handgrip (r =−0.25) tests were inversely related to 

occupational performance times. This was also supported by Williford 

et al. (36) who found that in a cohort of firefighters from Alabama, 

United States, push-ups (r =−0.38) and sit-ups (r =−0.32) were 

negatively correlated with occupational performance in firefighters. 

However, did not contribute significantly to the prediction model. The 

PAT, and other occupational performance tests, require firefighters to 

sustain a minimum amount of muscular force for a number of 

repetitions (12). Inherently, firefighters with high levels of muscular 

stamina would perform better without experiencing substantial levels 

of fatigue. The results of the present study indicated that flexibility was 

not significantly associated with occupational performance, which is 

consistent to previous literature (6, 7, 14). In contrast, Michaelides et al. 

(5) noted that higher flexibility, using the sit-and-reach test, was not 

significantly associated with occupational performance, however, 

flexibility added significantly to their prediction model. Williford et al. 

(36) reported that higher flexibility did not improve overall occupational 

performance but improved the performance on the stair climb 

(r =−0.25). Although flexibility may not consistently be significantly 

related to occupational performance, good flexibility may be important 

for reducing the incidence of injuries in firefighters (68), and, possibly, 

in the performance of certain tasks, such as the stair climb (12, 36). 

We found that age, obesity, Framingham risk score and physical 

activity levels of firefighters were significantly associated with PAT 

completion times and PAT pass rates. Michaelides et al. (6) noted that 

age was negatively related (r =−0.42) to ability test completion times. 

Similarly, Myhre et al. (61) reported that, in 222 full-time firefighters 

from the United States consisting of one army and seven air force base 

fire departments, age (r = 0.38) was positively related to occupational 

performance. Studies by Chizewski et al. (7), skinner et al. (14), and 

Williford et al. (36) reported that, although age was not related to total 

completion times, aging was positively related to the self-contained 

breathing apparatus (SCBA) crawl (r = 0.359), the dummy drag 

(r = 0.389), and the stair climb (r = 0.48) in each study, respectively. 

Michaelides et al. (6) reported that BMI (r = 0.34) and BF% (r = 0.57) 

was positively related to completion times in firefighters. Another study 

by Michaelides et al. (5) reported that BF% (r = 0.41) was positively 

correlated with occupational performance completion times. Similarly, 

Schonfeld et al. (62) reported that in a cohort of 20 full-time firefighters 

from the Kennedy Space centre Florida, United States, BF% (0.467) was 

moderately related to occupational performance times in firefighters. 

This was supported by Williford et al. (36) who reported that BF% 

(r = 0.30) was positively related to total occupational performance 

completion times and related to the completion of all tasks, except the 

hose advance. Skinner et al. (14) noted that in a cohort of 42 Australian 

full-time firefighters, BMI was not related to occupational performance, 

however, BF% was positively related to completion times (r = 0.481). 

Chizewski et al. (7) reported that BMI was not related to total 

occupational performance completion times, however, BMI was 

negatively related to the performance of specific tasks, such as the 
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SCBA crawl (r =−0.276), and negatively related to the hose advance 

(r =−0.272), and ladder raise (r =−0.274). The combination of the 

general attrition in physical fitness and accumulation of fat mass that is 

associated with aging (32, 56–58), increases the non-functional weight 

firefighters are required to overcome (12), providing a possible 

explanation for the reduction in their occupational performance. 

Higher levels of cardiorespiratory fitness and weekly physical activity 

has been linked to a favourable cardiovascular health profile and 

cardiovascular functioning (69, 70), which may directly relate to better 

occupational performance in firefighters (12, 64, 71). 

The current study found that HRV, SDNN, RMSSD and LF were 

significantly and inversely associated with occupational completion 

times in firefighters. This was supported in a study by Lesniak et al. (72) 

who reported that HRV was correlated with occupational performance 

in firefighters. Porto et al. (73) noted that SDNN and RMSSD were 

higher and LF was dominant in fitter firefighters. Similarly, a systematic 

review conducted by Tomes et al. (74) noted that HRV was a reliable 

indicator of key physical fitness and occupational performance 

parameters (74). The results of the current study and previous research 

suggests that firefighters with higher parasympathetic dominance, who 

are in a more relaxed state, may perform better on occupational 

performance tasks (74, 75). This measure may be an important 

indicator for firefighters’ overall cardiovascular health and fitness levels, 

particularly in relation to firefighters’ work performance (72, 74, 76). 

We found that weekly MET minutes, BF%, abV ̇O2m ax,  grip strength, 

leg strength and sit-ups explained 50.5% of the variance in PAT 

completion times in firefighters. Similarly, Michaelides et al. (5) noted 

that the fitness parameters, which included flexibility, sit-ups, push-ups, 

BF%, 1-RM bench press and squat explained 59% of the variance in 

occupational performance completion times in firefighters. Davis et al. 

(37) supported this and noted that push-ups, sit-ups, and grip strength 

explained 54% of the variability in occupational performance completion 

times in firefighters. In addition, Davis et al. noted that BF%, LBM and 

cardiorespiratory fitness were significantly associated with fatigue 

resistance in firefighters. Furthermore, the study found that aging, LBM 

and grip strength explained 60.6% of the variance in PAT pass rates. 

Williford et al. (36) reported that run time, pull-ups and fat free weight 

explained 53% of the variance in occupational performance completion 

times. In contrast, Siddal et al. (52) noted that age and LBM did not 

contribute to the strength of the regression models and that abV ̇O2m ax,  fat 

mass/BF% accounted for the most variance in occupational performance 

with 56.7 and 57.2%, respectively. Williams-Bell et al. (77) reported that 

abV ̇O2max or relV̇O2max, body mass and handgrip strength were 

significantly associated with occupational performance in firefighters 

and accounted for 65–71% of the variance in occupational performance 

completion times. Furthermore, the final model removed push-ups from 

the equation, which also seen in the final model in the current study (77). 

Moreover, in the current study, grip and leg strength remained significant 

in the regression model. In contrast, Williams-Bell et al. (77) reported 

that measures of strength and power were no longer significant 

predictors after absolute cardiorespiratory fitness was included. However, 

the study indicated that when relative cardiorespiratory fitness was used 

as the only measure of cardiorespiratory fitness, grip strength was 

significantly related to occupational performance. The result of the 

backward stepwise multivariable regression suggests that fitter and 

stronger firefighters, with a higher muscular endurance and favourable 

body composition perform best on the PAT and are more likely to pass 

the occupational performance test. 

The current results found that musculoskeletal health was not a 

significant contributing factor in the model to predict firefighters’ 

performance on the PAT. This was supported by MacDermid et al. 

(78), where the study noted no relationship between task performance 

and self-reported work limitations in firefighters from Ontario, 

Canada. The study noted that those who reported lower limb 

discomfort took 10 s longer to complete the stair climb task. It is 

intuitive to anticipate that that there would be an association between 

occupational performance and musculoskeletal health in firefighters. 

The failure to find a significance may indicate that firefighters were 

completely recovered from any injury, or the discomfort may not 

have been significant enough to cause a decrease in absolute 

performance. Perhaps, having discomfort in specific regions may 

limit performance of tasks that tax that specific region that firefighters 

are experiencing discomfort in. However, firefighters may make up 

for this by performing well in the other tasks, which may have been 

the case in the present study. 

This is the first study of its nature to be conducted in this 

population. Therefore, the results of the present study may contribute 

meaningfully toward informing policy makers on the need for the 

development of new policies and legislation aimed at encouraging 

firefighters to either maintain or improve their levels of physical 

fitness, cardiovascular health and musculoskeletal health in the 

CoCTFRS. The absence of research on firefighters in Africa, and 

particularly in South Africa, presumably contributed to the stagnated 

development of new policies focused on the occupational health and 

wellbeing of firefighters (18). This arguably has led to the progressive 

deterioration in firefighter health and wellness that has become 

problematic in firefighters in South Africa (18, 30). This research 

highlights the need for annual health screening and physical fitness 

testing of firefighters and emphasizes the value that routine testing 

may provide for the fire and rescue service in Cape Town. Firefighters 

have reported that two primary barriers to physical activity were a 

lack of resources, such as facilities and equipment to exercise 

regularly, and the lack of energy to exercise while on- or off-duty (79). 

While many firefighters reported that they opted for unhealthy 

snacks, because of the unpredictable nature of emergency callouts 

and the need for quick meals (21, 22). Policy makers and fire 

department heads in Cape Town should take this into consideration 

when implementing policies to ensure that firefighters remain 

sufficiently active in order to either maintain or improve their 

physical fitness. While also ensuring that they are educated on the 

benefits of opting for healthier diets while on- or off-duty. In addition, 

implementing minimum requirements for cardiorespiratory fitness, 

and muscular strength and endurance are necessary to ensure that 

firefighters are physically capable of performing their duties (33, 80). 

This will also help maintain good CVH in firefighters to ensure that 

they are not at risk for CVD-related events while on duty (4, 81). 

 

 

4.1. Strengths and limitations 

 

This was the first study investigating the association between 

physical fitness, cardiovascular health, musculoskeletal health and 

occupational performance in Africa. The measures for physical 

fitness, cardiovascular health and occupational performance were 

objectively measured using standardized and validated instruments 

(43). Furthermore, this paper adds novel information into an area 
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which has been understudied in firefighters, particularly in a 

South African context. There are, however, several limitations of the 

present study. Firstly, this study used a cross-sectional study design, 

which precludes the inference of causal relationships. Secondly, 

musculoskeletal injuries and musculoskeletal discomforts were self- 

reported, which may have introduced reporting bias. Thirdly, 

cardiorespiratory fitness was estimated using a non-exercise 

calculation (and we found little variability in relative V ̇O2 m a x  among 

groups), which may have reduced the expected associations between 

relative cardiorespiratory fitness and other variables. Lastly, female 

firefighters were under-represented, limiting the generalizability of 

our findings to the female firefighter population. 

 

 

5. Conclusion 

The present study provides evidence that multiple parameters of 

physical fitness and cardiovascular health are related to overall 

occupational performance in firefighters. The findings show that 

younger, leaner, fitter and stronger firefighters with a favourable 

cardiovascular health profile performed significantly better and were 

most likely able to pass each individual task. The results emphasize 

the need for firefighters to maintain high levels of physical fitness and a 

good cardiovascular health profile to ensure they maintain an 

acceptable level of occupational performance. This study adds novel 

research into the field, highlighting the factors that contribute 

significantly to occupational performance in firefighters, particularly in 

a South African context, where firefighters are understudied. The 

results of this study may be used by municipal fire departments to 

highlight the need for developing physical fitness standards to ensure 

the cardiovascular and musculoskeletal health of firefighters, to 

improve the career longevity and occupational performance of 

firefighters. By implementing regular physical activity programmes 

and promoting minimum fitness standards, fire departments could 

improve the services provided by firefighters, protect firefighters’ 

health, reduce the likelihood of civilian casualties and secure 

essential infrastructure. 
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Abstract 

Introduction: Firefighters are required to perform physically strenuous tasks such as hose 

drags, victim rescues, forcible entries and stair climbs to complete their public safety mission. 

Occupational-specific tasks (OSTs) are often used to evaluate the ability of firefighters to 

adequately/safely perform their duties. Depending on the regions, OSTs include six to eight 

individual tasks, which emphasize distinct aspects of their physical fitness, while also requiring 

different levels of cardiovascular and musculoskeletal health. Therefore, the aim of this study 

was to evaluate the relationship between specific occupational task performance and measures 

of physical fitness, cardiovascular and musculoskeletal health (MSH). 

Methods: Using a cross-sectional design, 282 full-time male and female firefighters were 

recruited. A researcher-generated questionnaire and physical measures were used to collect 

data on sociodemographic characteristics, cardiovascular health (CVH), MSH and weekly 

physical activity habits. Physical measures were used to collect data on physical fitness and 

occupational-specific task performance (OSTP).  

Results: Absolute cardiorespiratory fitness (abV̇O2max), grip strength, leg strength, push-ups, 

sit-ups and lean body mass (all p<0.001) had an inverse association with completion times on 

all OSTP. Age was positively related to the performance of all tasks (all p<0.05). Higher heart 

rate variability (HRV) was associated with better performance on all tasks (all p<0.05). Bodyfat 

percentage (BF%) and diastolic blood pressure were positively associated with the step-up task 

(p<0.05). Lower back musculoskeletal injury (LoBMSI), musculoskeletal discomfort (MSD), 

and lower limb MSD were associated with a decreased odds of passing the step-up. Upper body 

MSIs (UBMSI), LoBMSIs and Lower back MSD were associated with decreased odds of 

passing the rescue drag.  

Conclusion: Firefighters that were taller, leaner, stronger and fitter with a more favourable 

CVH profile, higher HRV and less musculoskeletal discomfort performed best on all OSTs.  
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12.1. Introduction 

Firefighting is a strenuous and challenging occupation where firefighters are required to be 

prepared, at all times, to respond to fire and rescue emergencies. Some of these emergencies, 

especially those on the fire ground, require high levels of physical exertion, which often entail 

coping with environmental stressors, such as high temperatures, physical hazards and 

dangerous chemicals and fumes, [1–3]. The harsh environments often require firefighters to be 

encapsulated in personal protective equipment (PPE), placing an additional burden on an 

already strained cardiovascular and musculoskeletal system [3–5]. The strenuous work 

conditions of firefighting necessitate that firefighters maintain peak physical conditioning to 

manage these various and, often, unpredictable high-demand environments and situations [5–

7]. 

Although firefighting elicits near maximum physiological responses, placing significant strain 

on the cardiovascular system, studies have found that firefighters often have multiple 

cardiovascular disease (CVD) risk factors and poor overall cardiovascular health (CVH) [8–

10]. The cardiovascular risk profile of firefighters progressively worsens as they age [11,12]. 

In addition, despite many firefighters possessing the ability to perform the necessary work-

related tasks required in firefighting, many firefighters are reported to not meet the minimum 

physical fitness levels required for the profession [3,13–16], placing an additional burden on 

an already strained cardiovascular and musculoskeletal system [1–3,5,6]. Low levels of CVH 

and physical fitness are prominent precursors contributing to the high incidence of cardiac 

events and over-exertion related incidents, which account for 40 to 50% of all on-duty fatalities 

among firefighters [1,2,4]. To cope with the physiological and psychological stressors of the 

job firefighters need good cardiovascular and musculoskeletal health and acceptable level of 

physical fitness [3,5,6]. 

Previous research has indicated that age and obesity were associated with significantly reduced 
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occupational performance of firefighters, particularly for duties requiring heavy lifting and 

dragging [3,5,17,18]. Activities that include a large static component may provide an 

exaggerated blood pressure response, especially if the tasks require overhead movements, 

which may be especially prominent in firefighters suffering from blood pressure irregularities 

[19–21]. Firefighters are encouraged by fire departments to remain physically active to ensure 

they maintain an adequate level of physical fitness. Previous studies have indicated that 

cardiorespiratory fitness may be the most important factor contributing to adequate 

occupational performance [22,23]. In addition, a higher level of muscle strength and endurance 

has been shown to improve occupational performance, particularly for tasks involving heavy 

lifting, dragging, pulling and breaching [3,5,6,18]. An added benefit of firefighters remaining 

physically active is the preservation of MSH, which constitutes a major concern in the 

profession [24,25]. Deterioration of MSH, which is common in firefighters, may reduce 

occupational performance due to guarding of the painful area [26,27] or reduced force 

production as a protective mechanism. Firefighting requires firefighters to perform awkward 

movement patterns to perform their duties, while carrying asymmetrical loads [27–29]. It has 

been suggested that previous musculoskeletal injuries (MSIs) or current MSD may impact 

firefighters’ effectiveness in performing specific body movements [26]. Thus, firefighters are 

required to maintain high levels of work functioning in all occupational-specific tasks 

[27,30,31].  

To assess firefighters’ occupational performance, fire departments use simulation protocols 

designed to replicate the duties that firefighters are required to perform [5,6,32,33]. Each 

occupational-specific task reflects a core or critical task that firefighters are required to 

perform, such as the forcible entry, hose drag, ladder raise and victim rescue [3,5,6]. The 

performance of each task is timed to ensure firefighters are able to complete their duties with 

sufficient rigour and intensity. In addition, to pass the occupational-specific tasks, firefighters 
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are required to complete each task within a given time limit. Several studies have assessed the 

relationship between physical fitness [3,5,6,18], specific CVH [3,18,34] and MSH [27] 

parameters and occupational performance in firefighters. However, there remains a need to 

evaluate the relationship between performance on each of the individual occupational-specific 

tasks and measures of physical fitness, CVH and MSH, warranting further investigation. 

Determining the factors influencing specific firefighter task performance in this population 

may highlight the tasks firefighters are most likely to fail and assist in the establishment of 

intervention strategies to assist firefighters in improving their performance. Therefore, the aim 

of this study was to evaluate the performance of occupational-specific tasks in association with 

firefighters’ physical fitness, cardiovascular health (CVH) and musculoskeletal health (MSH). 

 

 

12.2.  Methods  

12.2.1. Study Design and Population 

A cross-sectional study design was employed to collect information on occupational 

performance, using occupational-specific tasks (based on the physical ability test), physical 

fitness (cardiorespiratory fitness, muscular strength and endurance, flexibility, and body 

composition), CVH (CVD risk factors, CVH metrics, heart rate variability) and MSH (MSIs 

and MSD) in firefighters. In total, 309 full-time male and female firefighters from the City of 

Cape Town Fire and Rescue Service (CoCTFRS), ranging in age from 20 to 65 years, took part 

in the study. From the original 309 firefighters, 283 agreed to participate in the physical ability 

test (PAT) on the day of testing. Amongst the 282 that performed the PAT, 268 completed all 

occupational-specific tasks that were part of the PAT. All volunteers for this study provided 

written informed consent before proceeding. Data collection took place from June to August 

of 2022. The University of the Western Cape's Biomedical Research Ethics Committee gave 
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its approval (ethical clearance number: BM21/10/9). The Chief Fire Officer, the Department 

of Policy and Strategy, and the research all gave their approval. 

 

12.2.2. Sampling and Participant Recruitment 

Data collection took place during annual physical fitness assessments at a standardized fire 

station located in the City of Cape Town (CCT) metropolitan area to assure consistency in the 

terrain, environmental conditions and testing surface. To ensure the consistency and reliability 

of the testing results, all physical measures and the occupational-specific tasks were collected 

and recorded by trained researchers that were familiarised with all the testing instruments and 

research procedures [35]. Every third firefighter from the 96 platoons (32 fire stations) was 

selected using random systematic sampling. The 96 firefighter platoons each had 8 to 12 

members. All firefighters that were between the ages of 20-65 years were eligible to participate 

in the study. Firefighters who were on administrative duty, sick leave, worked part-time or 

seasonally, or did not participate in the PAT, on the day of testing, were all disqualified from 

partaking in this study. 

 

12.2.3. Occupational-Specific Tasks 

The occupational-specific tasks, that constituted the PAT, were used to assess operational 

performance and were conducted according to the testing protocol of the CoCTFRS wellness 

manual. The CoCTFRS worked with professionals in the field to establish the occupational-

specific tasks as part of the fitness and wellness programme. The OSTs consist of tasks that are 

intended to replicate the numerous tasks that firefighters are required to carry out, while also 

attempting to replicate the physical strains to which firefighters are frequently exposed to. 

Firefighters were required to complete the entire simulation protocol in under 9 minutes (540 
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seconds), while firefighters wore their full PPE equipment and breathing apparatus set, in order 

to pass. Firefighters were allowed 20 seconds of recovery between tasks. The simulation 

included six tasks, which were used to simulate various stressors firefighters are placed under. 

These tasks encompassed the step-up, charged hose drag and pull, forcible entry, equipment 

carry, ladder raise and extension and the rescue drag. Individual OSTs each had their own 

completion times that needed to be met in order to pass the PAT. Failure to complete a task 

resulted in firefighters being graded as “not yet competent”. The step-up required firefighters 

to perform 30 step-ups on a standardized platform of 200 mm and were given a time limit of 

90 seconds. The charged hose drag and pull required firefighters to drag a tyre 27 meters, drop 

to one knee or in a seated position, pull a tyre another 15 meters and had a time limit of 180 

seconds. The firefighters moved to the forcible entry task where they were required to strike 

the tyre, using a sledge hammer, moving the tyre 600 mm in under 60 seconds. For the 

equipment carry, firefighters were tasked to remove two 25 kg foam drums from a 1.2-meter 

platform, carry the foam drums 25 meters and walk back another 25 meters, placing the drums 

back on the platform which needed to be completed in under 90 seconds. For the ladder raise 

and extension firefighters were tasked to walk a seven-to-eight-meter ladder toward a building, 

place the ladder against the building and immediately walk toward a hauling line and hoist a 

35 kg drum until it reaches the pulley and then lower the drum, in under the time limit of 90 

seconds. Then, firefighters lower the ladder and walk the ladder back to the starting position. 

The rescue drag required firefighters to grasp an 80 kg tyre and drag the tyre 11 meters, perform 

a 180-degree turn and continue for another 11 meters toward the finish line in under 60 seconds. 

A full description of the PAT can be found in Ras et al. [35]. 

 

12.2.3. Physical Fitness Measures 

Physical fitness was measured using the American College of Sports Medicine (ACSM) 
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guidelines [36]. Cardiorespiratory capacity was calculated using a validated non-exercise 

calculation [35] to determine oxygen consumption (V̇O2). The push-ups and sit-ups tests were 

used to assess muscular endurance, handgrip and leg strength tests were used to assess upper 

and lower body muscle strength and the sit-and-reach test was used to assess flexibility. Body 

mass and Lean body mass (LBM) was used as a measure for body composition and assessed 

using a bioelectrical impedance (BIA) analyser. For a full description of the methods used to 

assess physical fitness consult the study published by: Ras et al. [37]. 

  

12.2.4. Classification of Physical Fitness Measures 

For relative cardiorespiratory fitness, 42 mL•kg•min [38] was used to indicate the minimum 

cardiorespiratory fitness needed for firefighting. Cardiorespiratory fitness was expressed as 

both absolute and relative cardiorespiratory fitness, which was noralized to body mass, and 

odds ratios were calculated on both separately. Due to the absence of standardized minimum 

requirements of abosulte cardiorespiratory fitness, muscular strength, endurance and 

flexibility, the 50th percentile was used to indicate good levels of physical fitness. An absolute 

cardiorespiratory fitness level of 3.40 L•min was considered “good”. For grip and leg strength, 

firefighters that had a grip strength above 89.9 kg and leg strength above 116.5 kg were 

considered “good”. For push-ups and sit-ups, firefighters that performed 30 or more push-ups 

and sit-ups were considered “good”. For flexibility, a sit-and-reach above 43 cm was 

considered “good”. Firefighters falling below the 50th percentile were classified as having a 

“low” level of muscular strength and endurance and flexibility.  

 

12.2.5. Cardiovascular Health Measures 

Cardiovascular health (CVH) was investigated using several approaches. These approaches 
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included three main subcomponents, specifically traditional CVD risk factors, CVH metrics 

and heart rate variability (HRV). Using standardized techniques [36], height was measured 

with a stadiometer and waist and hip circumference were assessed using a tape measure, and 

body fat percentage (BF%) was calculated using a BIA scale. The traditional CVD risk factors 

included age, obesity, physical inactivity, dyslipidaemia, diabetes, hypertension and cigarette 

smoking. Cardiovascular health metrics were used to classify firefighters’ cardiovascular 

health index (CVHI). The CVH metrics included smoking status, blood pressure, non-fasting 

blood glucose (NFBG), total cholesterol (TC), an ideal/good body mass index (BMI), level of 

physical activity, and diet. In addition, CVHI was classified as “poor” if firefighters had zero 

to two metrics classified as ideal, “intermediate” if firefighters had three to four metrics 

classified as ideal and “good” if firefighters had five to seven metrics rated as ideal. The 2008 

Framingham risk model, developed by D'Agostino et al. [39], was used to assess cardiovascular 

risk of firefighters. The 2008 Framingham risk model, developed by D'Agostino et al. [39], 

was used to assess cardiovascular disease risk of firefighters. In addition, to determine the 

cardiovascular disease risk among firefighters, the American College of Cardiology (ACC) 10-

year atherosclerotic cardiovascular disease (ASCVD) and ASCVD lifetime risks were 

calculated. [40,41].  For HRV, a Polar™ (Polar Electro Oy, Kempele, Finland) H10 heart rate 

monitor was used, at rest, while firefighters were in a seated position, and analyzed using the 

Kubio© Software version 3.4.3. For more information on the methods used to assess CVH, as 

well as the classifications of CVD risk factors and CVH metrics, please refer to Ras et al. [42]. 

 

12.2.6. Classification of Musculoskeletal Health 

Musculoskeletal health was subdivided as musculoskeletal injury (MSI) and musculoskeletal 

discomfort (MSD) status, which was further separated into those that sustained an injury while 

on duty and those that did not, and those that are experiencing MSD and those without. 
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Musculoskeletal injury and discomfort were measured subjectively via two validated 

questionnaires, namely the Cornell Musculoskeletal Discomfort Questionnaire [43] and the 

Nordic Musculoskeletal Questionnaire [44]. Subcategories for those that reported MSIs and 

MSD were categorized based on the location of the MSI or the MSD experienced, specifically 

upper body MSI (UBMSI), lower body MSI (LBMSI), lower back MSI (LoBMSI) upper body 

MSD (UBMSD), lower body musculoskeletal discomfort (LBMSD) and lower back MSD 

(LoMSD). 

 

12.2.7. Statistical Analysis  

The data were analysed using SPSS® software, version 28 (Chicago, Illinois, USA). 

Descriptive statistical analyses, such as the median and 25th and 75th percentiles were 

performed. Thereafter, group comparisons used the Mann-Whitney U and Kruskal-Wallis H 

test. Univariable and multivariable linear regressions were performed to determine the 

independent variables associated with occupational-specific tasks, i.e., step-up, charged hose 

drag and pull, forcible entry, equipment carry, ladder raise and extension and rescue drag, 

which was considered the outcome (dependent variable) in firefighters. Completion time for 

each tasks was recorded to nearest second. Univariable and multivariable logistic regressions 

were performed to determine the independent variables associated with the occupational-

specific tasks pass rates. Pass rates were calculated from predetermined cut-off values. 

Exploratory physical fitness variables included abV̇O2max, relV̇O2max, grip strength, leg 

strength, push-ups, sit-ups, and LBM. Exploratory CVH variables included age, BMI, BF%, 

WC, SBP, DBP, TC, NFBG, weekly MET minutes and Framingham risk score. Exploratory 

variables for MSH included MSI, upper body musculoskeletal injury (UBMSI), lower body 

musculoskeletal injury (LBMSI), lower back musculoskeletal injury (LoBMSI), MSD, lower 

back musculoskeletal discomfort (LoBMSD), upper body musculoskeletal discomfort 
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(UBMSD) and lower body musculoskeletal discomfort (LBMSD). Multivariable models were 

adjusted for age, sex, height and weekly metabolic equivalent minutes. To control for 

collinearity the VIF and Durbin-Watson statistics were used. A VIF <5 was used to indicate 

that no substantial collinearity was present and a Durbin-Watson statistic between 1.5 and 2.5 

indicated no autocorrelation was present. Linear least absolute shrinkage and selection operator 

(LASSO) regression was also used to build a prediction model for each CVH parameter to 

reduce the number of predictors (n = 19). To ensure cross-validation of the model and evaluate 

the predictive ability of the model a five-fold cross-validation method was used. For reporting, 

the more parsimonious model within 1 standard error of the optimal model was preferred. 

Indicators (physical fitness) with non-zero coefficients were reported, only. For data that were 

not normally distributed, data were fractionally ranked, and then normalized using the inverse 

DF, IDF.NORMAL transformation [45]. A p-value of <0.05 was used to indicate statistical 

significance. 

 

12.3.  Results 

In Table 12.1 we present data on all six occupational-specific tasks based on participant 

characteristics. Time to complete all occupational-specific tasks were significantly different 

between male and female firefighters (p <0.001), with males performing better than females. 

Based on age-group, performance time of the individual occupational-specific tasks was 

significantly different between age categories (p <0.001). Firefighters with good grip strength 

(p <0.01), leg strength (p <0.001), push-ups (p <0.001) and sit-ups (p <0.001) had significantly 

shorter completion time on all individual occupational-specific tasks. Aged firefighters had 

significantly longer completion times on all occupational-specific tasks (p <0.01), except the 

forcible entry. Firefighters that were obese, had central obesity, and were physical inactive had 
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significantly longer completion times for all the occupational-specific tasks (p <0.01). 

Firefighters that reported UBMSIs had longer completion times on the step-up and ladder raise 

and extension tasks (p <0.05). Firefighters that reported LoBMSIs had longer completion times 

on the step-up, charged hose drag and pull and the ladder raise and extension (p <0.05), and 

firefighters with LoBMSD had longer completion times on the ladder raise and extension (p 

<0.05).  
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Table 12.1: Differences among individual occupational tasks according to sex, age-group, physical fitness, cardiovascular and musculoskeletal health. 

 Step-Up Charged hose drag and pull Forcible entry Equipment carry Ladder raise and extension Rescue drag 

Variable N X̃ (p25th - p75th) N X̃ (p25th - p75th) N X̃ (p25th - p75th) N X ̃(p25th - p75th) N X̃ (p25th - p75th) N X̃ (p25th - p75th) 

Demographic characteristics             

Total firefighters 279 65.0 (58.0, 75.0) 277 86.0 (66.0, 115.0) 273 32.0 (21.0, 48.5) 271 50.0 (40.0, 67.0) 268 72.5 (55.0, 96.8) 267 51.0 (38.0, 77.0) 

Sex             

Male 248 65.0 (58.0, 74.0) 247 82.0 (65.0, 105.0) 244 29.6 (20.0, 46.0) 242 48.1 (38.0, 60.9) 239 70.0 (54.0, 89.0) 239 50.0 (37.0, 66.0) 

Female 31 79 (72.0, 103.0) 30 172.5(120.3, 218.5) 29 54 (38.2, 100.0) 29 75 (57.5, 112.5) 29 75.0 (57.5, 112.5) 28 111.0 (78.8, 164.5) 

p-value  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 † 

             

Age group             

20-29 years 72 63.5 (56.0, 71.0) 72 80.4 (59.5, 99.8) 71 27.0 (20.0, 36.0) 71 46.0 (35.8, 55.0) 71 67.4 (55.0, 88.0) 71 48.0 (36.0, 62.0) 

30-39 years 88 63 (57.0, 73.9) 88 79.0 (63.0, 106.8) 87 27.0 (19.0, 49.0) 87 47.0 (37.0, 58.0) 86 66.5 (54.0, 80.5) 87 48.0 (36.4, 69.3) 

40-49 years 70 67.5 (61.0, 76.5) 70 107.0 (79.0, 148.5) 70 38.0 (26.0, 60.0) 68 57.5 (45.0, 73.8) 67 87.0 (59.0, 120.0) 66 56.5 (42.4, 89.3) 

50+ years 48 73.9 (62.2, 84.8) 46 98.0 (79.5, 141.3) 44 37.5 (22.8, 53.8) 44 58.0 (44.0, 86.3) 43 82.0 (60.0, 102.0) 43 57.0 (46.9, 85.4) 

p-value  <0.001 †  <0.001 †  0.004 **  <0.001 †  0.001 **  0.002 ** 

             

Physical fitness             

Good relV̇O2max 144 65.0 (57.4, 72.9) 144 89.5 (68.0, 110.8) 142 31.5 (22.8, 48.0) 141 (50.0 (39.0, 66.5) 139 74.0 (55.0, 96.0) 138 51.0 (38.9, 78.0) 

Low relV̇O2max 135 68.0 (60.0, 80.0) 133 82.6 (66.0, 121.4) 131 33.0 (19.0, 52.0) 130 51.9 (40.0, 71.0) 129 72 (54.6, 98.0) 129 50.0 (37.7, 77.0) 

p-value  0.022 *   0.746  0.819  0.587  0.710  0.652 

             

Good abV̇O2max 140 62.5 (56.0, 73.5) 139 70.0 (60.0, 91.2) 139 25.0 (18.0, 38.0) 139 44.0 (34.3, 54.0) 139 62.0 (51.2, 82.0) 139 44.0 (34.0, 58.0)  

Low abV̇O2max 139 69.0 (62.0, 78.0) 138 104.0 (82.0, 141.3) 134 38.2 (27.0, 60.02) 132  58.5 (47.0, 82.8) 129 82.0 (64.0, 110.9) 128 61.0 (47.3, 89.8) 

p-value  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 † 

             

Good grip strength 121 62.7 (56.0, 73.9) 121 71.0 (59.0, 91.0) 121 25.6 (17.0, 39.5) 121 44.0 (33.0, 56.0) 121 60.0 (48.0, 83.5) 121 42.0 (33.4, 60.5) 

Low leg strength 158 67.5 (61.0, 76.3) 156 100.0 (79.3, 139.0) 152 36.0 (25.0, 59.8) 150 56.0 (45.0, 75.2) 147 78.0 (64.0, 103.0) 146 55.3 (48.0, 85.5) 

p-value  0.003**  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 † 

             

Good leg strength 107 61.0 (54.0, 72.0) 107 68.6 (58.0, 90.0) 107 25.0 (17.0, 35.0) 107 42.0 (33.0, 54.0) 107 59.0 (49.0, 79.0) 107 41.0 (32.0, 53.0) 

Low leg strength 172 67.5 (61.0, 77.8) 170 99.0 (77.8, 141.3) 166 38.0 (25.0, 65.2) 164 56.1 (45.0, 78.5) 161 79.0 (61.5, 103.0) 160 57.5 (48.0, 87.8) 

p-value  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 † 

             

Good push-ups stamina 153 63.0 (56.0, 72.0) 153 77.0 (59.0, 100.0) 153 27.0 (20.0, 42.5) 151 45.0 (34.9, 56.0) 151 64.0 (51.0, 88.0) 150 43.7 (33.9, 58.3) 

Low push-up stamina  126 70.0 (62.5, 80.0) 124 101.5 (80.2, 144.2) 120 38.0 (25.2, 60.0) 120 58.0 (47.4, 83.0) 117 80.0 (64.0, 103.0) 117 62.0 (50.0, 88.5) 
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p-value  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 † 

             

Good sit-ups stamina 151 63.0 (56.0, 71.0) 153 80.9 (60.5, 101.0) 152 27.0 (19.0, 42.8) 151 46.0 (35.0, 59.0) 151 63.0 (49.8, 89.0) 151 48.0 (34.0, 64.0) 

Low push-ups stamina 126 71.0 (61.8, 80.3) 124 100.0 (75.3, 141.3) 121 38.0 (25.0, 55.5) 120 38.0 (25.0, 55.5) 117 79.0 (67.2, 103.0) 116 57.0 (43.3, 85.8) 

p-value  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 † 

             

Good flexibility 148 65.0 (57.4, 75.0) 147 83.0 (64.0, 119.0) 147 29.1 (20.0, 48.0) 146 47.2 (37.0, 66.3) 146 70.0 (54.0, 96.0) 146 50.0 (37.0, 77.3) 

Low flexibility  131 66.0 (60.0, 76.0) 130 88.9 (67.5, 111.3) 126 34.5 (21.8, 53.0) 125 53.2 (42.7, 72.0) 122 74.0 (57.8, 99.3) 121 53.0 (41.0, 77.5) 

p-value  0.384  0.540  0.371  0.038 *  0.336  0.393 

             

Cardiovascular health           

Aged 77 69.0 (62.9, 82.0) 75 102 (80.0, 135.0) 73 38.0 (25.5, 53.0) 72 58.0 (45.0, 82.9) 70 82 (60.0, 103.3) 70 56.5 (46.7, 82.1) 

Young 202 64.0 (57.0, 74.0) 202 81.5 (62.9, 106.3) 200 30.0 (20.0, 48.0) 199 48.0 (37.0, 61.6) 198 70.0 (54.0, 92.0) 197 50.0 (35.6, 70.0) 

p-value  <0.001 †  <0.001 †  0.062  <0.001 †  0.004 **  0.003 ** 
             

Obesity 73 75 (63.0, 91.0) 71 102 (69.0, 157.7) 69 38.0 (25.0, 58.0) 69 58.0 (45.5, 86.6) 68 81.5 (60.5, 119.8) 67 57.0 (45.8, 90.2) 

Normal 206 64.5 (57.0, 72.3) 206 83.5 (65.8, 107.3) 204 29.6 (20.0, 47.0) 202 48.1 (38.0, 62.3) 200 70.0 (53.2, 92.0) 200 50.0 (37.0, 69.8) 

p-value  <0.001 †  0.003 **  0.037 *  0.001 **  <0.001 †  0.008 ** 
             

Central obesity 135 71 (63.0, 80.0) 133 93.0 (68.5.0, 141.5) 130 35.2 (22.5, 55.5) 130 55.0 (42.8, 79.2) 129 77.0 (59.0, 102.5) 128 55.2 (41.0, 85.8) 

Normal 144 64.0 (57.0, 71.0) 144 82.0 (63.0, 103.4) 143 30.0 (20.0, 43.3 141 47.0 (37.0, 59.0) 139 68.0 (52.0, 90.0) 139 48.0 (37.0, 66.0) 

p-value  <0.001 †  0.002 **  0.112  <0.001 †  0.003 **  0.006 ** 
             

Hypertension 128 66.5 (60.0, 77.5) 126 84.4 (66.0, 118.5) 124 31.2 (23.0, 47.0) 123 51.8 (40.0, 68.0) 122 71.5 (55.0, 00.3) 121 50.0 (27.5, 71.5) 

Normal 151 65.0 (57.0, 75.) 151 88.6 (66.0, 115.0) 149 32.0 (20.0, 53.5) 148 50.0 (39.0, 67.0) 146 73.4 (55.0, 93.5) 146 51.0 (39.0, 78.5) 

p-value  0.196  0.761  0.837  0.635  0.647  0.842 
             

Dyslipidaemia 90 68.5 (60.0, 80.0) 89 93.0 (67.5, 134.5) 88 34.4 (22.7, 53.8) 87 55.0 (42.0, 84.0) 86 76.0 (55.8, 105.8) 86 53.5 (38.0, 86.3) 

Normal 189 65.0 (58.0, 74.9) 188 83.5 (65.0, 107.8) 185 31.0 (20.0, 47.5) 184 49.7 (39.0, 61.9) 182 70.0 (54.8, 92.3) 184 50.6 (38.0, 70.0) 

p-value  0.125  0.039 *  0.281  0.074  0.104  0.218 
             

Diabetes 13 65.0 (60.0, 91.5) 12 108.9 (76.8, 138.3) 12 35.5 (26.8, 53.0) 12 56.5 (38.0, 69.0) 12 84.5 (63.5, 102.5) 12 56.0 (37.6, 92.8) 

Normal 66 65.5 (58.0, 75.0) 265 86.0 (66.0, 114.5) 261 32.0 (21.0, 48.5) 259 50.0 (40.0, 67.0) 256 72.0 (55.0, 96.0) 255 50.6 (38.0, 77.0) 

p-value  0.340  0.238  0.431  0.624  0.197  0.575 
             

Physical inactivity 177 67.0 (60.0, 78.0) 176 95.0 (70.0, 133.5) 172 36.9 (24.0, 54.8) 170 55.0 (44.0, 74.0) 168 76.0 (59.0, 100.0) 167 55.0 (43.4, 83.0) 

Active 102 63.0 (57.0, 73.0) 101 79.0 (61.0, 97.5) 101 26.0 (19.0, 36.5) 101 45.0 (34.4, 56.5) 100 63.0 (49.2, 84.8) 100 43.0 (33.9, 57.8) 

p-value  0.018 *  <0.001 †  <0.001 †  <0.001 †  <0.001 †  <0.001 † 
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Cigarette smoker 98 65.0 (60.0, 74.0) 98 85.4 (66.8, 110.0) 97 33.7 (22.3, 53.0) 97 51.8 (40.0, 67.0) 97 51.8 (40.0, 67.0) 97 54.0 (41.5, 74.0) 

Non-Smoker 181 66.0 (58.0, 76.0) 179 86.0 (65.0, 118.0) 176 31.7 (20.3, 47.0) 174 50.0 (39.0, 67.3) 171 73.8 (53.0, 97.0) 170 50.0 (37.0, 77.3) 

p-value  0.850  0.220  0.594  0.786  0.783  0.311 
             

Poor diet 74 64.0 (57.2, 76.5) 73 82.0 (65.5, 112.5) 72 30.0 (21.0, 49.1) 71 50.0 (40.5, 58.0) 71 70.0 (57.8, 87.0) 71 50.0 (40.0, 65.1) 

Normal 205 66.3 (59.5, 75.0) 204 87.0 (66.0, 115.8) 201 33.0 (21.3, 48.5) 200 50.0 (39.3, 73.0) 197 74.0 (54.6, 99.0) 196 51.0 (37.5, 78.0) 

p-value  0.210  0.437  0.731  0.365  0.342  0.557 
             

Good CVHI 85 71.0 (60.0, 80.0) 84 92.5 (69.1, 138.4) 83 36.0 (25.0, 55.0) 83 58.0 (44.0, 84.0) 83 78.0 (60.0, 102.0) 83 62.0 (42.0, 89.0) 

Intermediate  160 64.3 (58.0, 74.9) 159 82.0 (63.0, 108.0) 156 28.5 (20.0, 45.5) 154 46.0 (36.8, 58.3) 151 69.0 (49.8, 91.0) 150 47.5 (34.0, 62.3 ) 

Poor CVHI 32 66.0 (58.3, 72.8) 32 89.0 (79.5, 124.3) 32 34.5 (24.5, 68.0) 32 49.0 (45.3, 55.8) 32 78.0 (58.3, 102.0) 32 54.5 (44.0, 83.8) 

p-value  0.105  0.014 *  0.028*  <0.001 †  0.003 **  <0.001 † 
             

Musculoskeletal health           

MSI 116 69.0 (60.3, 78.0) 114 85.0 (65.0, 124.5) 111 35.0 (21.0, 55.0) 110 53.0 (38.0, 71.0) 110 74.5 (55.0, 100.0) 110 55.0 (37.8, 83.0) 

No MSI 162 64.8 (57.2, 74.0) 162 86.5 (66.0, 110.3) 161 31.0 (21.0, 46.0) 160 50.0 (42.0, 66.0) 157 71.0 (55.0, 94.0) 156 50.0 (38.1, 69.8) 

p-value  0.018 *  0.371  0.362  0.711  0.394  0.143 
             

UBMSI 58 70.0 (60.8, 79.3) 56 94.0 (75.3, 136.2) 54 76.5 (59.0, 102.3) 54 56.1 (42.5, 79.7) 55 38.0 (24.0, 60.0) 54 57.5 (38.6, 86.8) 

No UBMSI 221 65.0 (58.0, 74.9) 221 86.0 (65.5, 111.5) 214 71.0 (55.0, 95.0) 217 49.0 (40.0, 66.0) 218 30.7 (20.0, 47.0) 213 50.0 (38.0, 70.0) 

p-value  0.043*  0.105  0.216  0.103  0.035*  0.085 

             

LBMSI 65 69.0 (61.0, 78.5) 65 90.0 (63.5, 125.5) 63 76.0 (52.0, 100.0) 63 49.0 (37.0, 68.0) 63 31.3 (20.0, 47.0) 63 54.0 (35.0, 78.0) 

No LBMSI 214 65.0 (58.0, 75.0) 212 85.5 (66.0, 110.8) 205 51.0 (55.0, 95.5) 208 51.0 (41.1, 67.0) 210 32.0 (21.5, 52.3) 204 50.6 (39.0, 76.5) 

p-value  0.074  0.482  0.597  0.380  0.742  0.943 

             

LoBMSI 22 73.3 (64.5, 87.5) 21 108.0 (80.5, 144.5) 20 91.5 (59.3, 118.5) 20 60.3 (36.3, 87.8) 21 46.0 (27.0, 60.0) 20 63.5 (39.0, 95.0) 

No LoBMSI 257 65.0 (58.0, 75.0) 256 84.4 (66.0, 112.0) 248 71.0 (55.0, 95.0) 251 50.0 (40.0, 66.0) 252 31.2 (20.3, 47.0) 247 50.6 (38.0, 74.3) 

p-value  0.010*  0.013*  0.083  0.279  0.027*  0.112 

             

MSD 116 66.0 (58.1, 75.8) 115 86.0 (65.0, 118.0) 113 34.0 (21.8, 53.0) 111 51.7 (39.0, 68.0) 111 70.6 (55.0, 100.0) 110 53.0 (37.8, 81.0) 

No MSD 163 65.0 (58.0, 75.0) 162 86.0 (66.9, 115.0) 160 30.2 (20.3, 48.0) 160 50.0 (40.0, 67.0) 157 74.0 (55.0, 94.0) 157 50.0 (38.2, 71.5) 

p-value  0.884  0.916  0.333  0.969  0.956  0.458 
             

UBMSD 99 65.0 (57.3, 78.0) 98 85.0 (65.0, 116.3) 97 34.4 (21.3, 54.5) 96 52.5 (39.3, 70.3) 96 70.0 (53.3, 99.5) 95 55.0 (38.0, 81.0) 

No UBMSD 180 65.5 (59.0, 75.0) 179 86.0 (66.9, 115.0) 176 30.7 (21.0, 46.0) 175 50.0 (40.0, 67.0) 172 74.0 (57.0, 95.8) 172 50.0 (38.1, 73.9) 

p-value  0.933  0.891  0.287  0.287  0.640  0.260 
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LBMSD 67 65.0 (57.0, 75.0) 67 82.0 (62.4, 118.0) 65 32.0 (21.3, 43.0) 64 48.0 (37.5, 62.3) 64 65.0 (50.3, 96.5) 64 49.8 (34.3, 81.0) 

No LBMSD 212 66.0 (58.6, 76.0) 210 87.9 (67.8, 115.0) 208 32.0 (21.0, 51.8) 207 51.8 (40.0, 68.0) 204 74.5 (57.1, 96.8) 203 51.0 (39.0, 74.3) 

p-value  0.476  0.337  0.773  0.382  0.123  0.560 

             

LoBMSD 59 68.0 (58.4, 80.0) 59 90.0 (65.0, 136.6) 57 75.0 (54.0, 108.4) 57 53.2 (40.0, 79.3) 58 38.0 (23.8, 63.5) 56 57.5 (37.5, 95.8) 

No LoBMSD 220 65.0 (58.0, 75.0) 218 86.0 (66.0, 112.5) 211 72.0 (55.0, 96.0) 214 50.0 (39.8, 66.0) 215 31.0 (20.0, 46.0) 211 50.0 (38.0, 70.0) 

p-value  0.302  0.362  0.699  0.287  0.046*  0.093 

Note: * indicates statistically significance <0.05; ** indicates statistical significance <0.01; † − indicates statistical significance <0.001. 

MSI − musculoskeletal injury; UBMSI − upper body musculoskeletal injury; LBMSI − lower body musculoskeletal injury; LoBMSI − lower back musculoskeletal injury; MSD − musculoskeletal 

discomfort; UBMSD − upper body musculoskeletal discomfort; LBMSD − lower body musculoskeletal discomfort; LoBMSD − lower back musculoskeletal injury. 
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In Table 12.2 we indicate the association between demographic characteristics, physical 

fitness, cardiovascular health and occupational-specific task performance. Multivariable 

analyses indicated that an increase in abV̇O2max was associated with a shorter completion 

time for the step-up, charged hose drag and pull, forcible entry, equipment carry, ladder raise 

and extension and the rescue drag completion times. An increase in grip and leg strength was 

associated with a shorter completion time for the charged hose drag and pull, forcible entry and 

equipment carry completion times. In addition, grip strength was associated with shorter ladder 

raise and extension and rescue drag completion times. An increase in push-ups and sit-ups 

capacity was associated with a shorter completion time for the step-up, charged hose drag and 

pull, forcible entry, equipment carry, forcible entry and rescue drag completion times. An 

increase in LBM was associated with a shorter completion time in the charged hose drag and 

pull, forcible entry, equipment carry and rescue drag tasks.  

For CVH, in the multivariable analyses, an increase in age was associated with an increase in 

the completion times of the step-up, charged hose drag and pull, ladder raise and extension, 

equipment carry, forcible entry and the rescue drag. An increase in height was associated with 

a decrease in completion times for the step-up, charged hose drag and pull, ladder raise and 

extension, equipment carry, forcible entry and the rescue drag. An increase in BMI and BF% 

was associated with an increase in the step-up completion time, only. An increase in SBP was 

associated with a shorter completion time in the charged hose drag and pull, only. An increase 

in weekly MET minutes was associated with a shorter completion time in the charged hose 

drag and pull, forcible entry, equipment carry and rescue drag, respectively. An increase in 

HRV, SDNN and RMSSD was associated with shorter completion times for all occupational-

specific tasks (all p <0.01). After adjustment for age, sex, height and weekly MET minutes, 

HRV and SDNN remained significantly associated with shorter completion times for all 

occupational-specific tasks.
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Table 12.2: Linear association between physical fitness, cardiovascular and musculoskeletal health and physical ability test task performance in firefighters. 

 Step-up Charged hose drag and pull Forcible entry Equipment carry Ladder raise and extension Rescue drag 

 Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b 

 β (R2) β (R2) β (R2) β (R2) β (R2) β (R2) β (R2) β (R2) β (R2) β (R2) β (R2) β (R2) 

Model: Demographics             

Age (years) 0.25 (0.06) † 0.25 (0.21) † 0.32 (0.09) † 0.32 (0.45) † 0.17 (0.03)** 0.16 (0.22)** 0.30 (0.09) † 0.28 (0.37) † 0.17 (0.03)** 0.16 (0.22)** 0.27 (0.07) † 0.26 (0.36) † 

YoE (years) 0.27 (0.07) † 0.44 (0.25) † 0.29 (0.08) † 0.29 (0.47)** 0.15 (0.02)** 0.14 (0.23) 0.28 *0.08) 0.29 (0.39)* 0.15 (0.02)** 0.14 (0.23) 0.22 (0.05) † 0.14 (0.36) 

Weight (kg) 0.04 (0.00) 0.15 (0.23)* -0.17 (0.03) † -0.07 (0.45) -0.21 (0.04) † -0.13 (0.24)* -0.12 (0.01) -0.03 (0.37) -0.21 (0.04) † -0.13 (0.24)* -0.19 (0.04)** -0.12 (0.37) 

Height (cm) -0.34 (0.12) † -0.23 (0.21) † -0.54 (0.29)** -0.43 (0.45) † -0.38 (0.14) † -0.30 (0.22) † -0.45 (0.19) † -0.35 (0.37) -0.38 (0.14) † -0.30 (0.22) † -0.46 (0.21) † -0.35 (0.36) † 

             

Model: Physical fitness              

V̇O2max (L•min) -0.22 (0.05) † -0.22 (21) -0.44 (0.19) † -0.17 (0.47) † -0.38 (0.14) † -0.22 (0.27) † -0.43 (0.19) †  -0.18 (0.39)** -0.38 (0.14) † -0.22 (0.27) † -0.43 (0.18) † -0.19 (0.38) † 

V̇O2max (mL•kg•min) -0.14 (0.02)* -0.19 (0.24)** 0.01 (0.00) - 0.07 (0.01) - -0.05 (0.00) - 0.07 (0.01) - 0.02 (0.00) - 

Grip strength (kg) -0.31 (0.09) † -0.10 (0.22) -0.53 (0.28) † -0.27 (0.49) † -0.37 (0.14) † -0.20 (0.25)** -0.43 (0.19) † -0.22 (0.40) † -0.37 (0.14) † -0.20 (0.25)** -0.50 (0.25) † -0.31 (0.42) † 

Leg strength (kg) -0.31 (0.09) † -0.11 (0.22) -0.52 (0.27) † -0.26 (0.50) † -0.39 (0.16) † -0.23 (0.26) † -0.43 (0.19) † -0.18 (0.39)** -0.39 (0.16) † -0.23 (0.26) † -0.49 (0.24) † 0.26 (0.41) 

Push-ups (rpm) -0.33 (0.11) † 0.25 (0.26) † -0.44 (0.19) † -0.35 (0.54) † -0.29 (0.09) † 0.24 (0.27) † -0.42 (0.17) † -0.32 (0.45) † -0.29 (0.09) † 0.24 (0.27) † -0.41 (0.17) † -0.32 (0.44) † 

Sit-ups (rpm) -0.41 (0.17) † 0.09 (0.31) † -0.39 (0.16) † -0.28 (0.51) † -0.26 (0.07) † -0.21 (0.26) † -0.34 (0.12) † -0.24 (0.42) † -0.26 (0.07) † -0.21 (0.26) † -0.35 (0.12) † -0.25 (0.41) † 

Sit-and-reach (cm) -0.09 (0.01) -0.12 (0.23)* -0.04 (0.00)  -0.05 (0.45)  -0.04 (0.00) † -0.05 (0.22) -0.13 (0.02)  -0.04 (0.00) † -0.05 (0.22) -0.07 (0.01)  

Lean body Mass (kg) -0.27 (0.07) † -0.08 (0.22) -0.44 (0.19) † -0.18 (0.46)** -0.38 (0.14) † -0.27 (0.26) † -0.37 (0.14) † -0.18 (0.39)* -0.38 (0.14) † -0.27 (0.26) † -0.43 (0.18) † -0.27 (0.39) † 

             

Model: Cardiovascular health             

Body mass index (kg•m-2) 0.23 (0.06) † 0.13 (0.22)* 0.11 (0.01)  -0.01 (0.00)  0.12 (0.01)  -0.01 (0.00)  0.06 (0.00)  

Bodyfat percentage (%) 0.35 (0.12) † 0.16 (0.23)** 0.29 (0.08) † -0.03 (0.45) 0.14 (0.02) * -0.04 (0.22) 0.28 (0.08) † 0.05 (0.37) 0.14 (0.02)* -0.04 (0.22) 0.26 (0.07) † -0.01 (0.36) 

Waist circumference (cm) 0.16 (0.03)** 0.26 (0.23)* 0.05 (0.00) - -0.02 (0.00) - 0.12 (0.02) - -0.02 (0.00) - 0.03 (0.00) - 

SBP (mmHg) -0.01 (0.00) - -0.14 (0.02)* -0.09 (0.45)* -0.09 (0.01) - -0.03 (0.00) - -0.09 (0.01) - -0.07 (0.01) - 

DBP (mmHg) 0.21 (0.04) † 0.13 (23)* 0.11 (0.01) - 0.06 (0.00) - 0.18 (0.03) - 0.06 (0.00) - 0.08 (0.01) - 

TC (mmol•L-1) 0.07 (0.00) - 0.09 (0.01) - 0.02 (0.00) - 0.07 (0.01) - 0.02 (0.00) - 0.03 (0.00) - 

LDL-C (mmol•L-1) 0.05 (0.00) - 0.08 (0.01) - 0.05 (0.00) - 0.06 (0.00) - 0.05 (0.00) - 0.02 (0.00) - 

HDL-C (mmol•L-1) -0.06 (0.00) - 0.04 (0.00) - -0.01 (0.00) - -0.01 (0.00) - -0.01 (0.00) - 0.02 (0.00) - 

Triglycerides (mmol•L-1) 0.13 (0.02)* 0.11 (0.23) 0.07 (0.00) - 0.02 (0.00) - 0.09 (0.01) - 0.02 (0.00) - 0.07 (0.01) - 

NFBG (mmol•L-1) 0.03 (0.00) - -0.00 (0.00) - -0.05 (0.00) - 0.02 (0.00) - -0.05 (0.00) - 0.04 (0.00) - 

MET minutes (min) -0.07 (0.01) - -0.18 (0.03)** -0.11 (0.45)* -0.23 (0.05) † -0.19 (0.22) † -0.29(0.09) † -0.23 (0.37) † -0.23 (0.05) † -0.19 (0.22) † -0.24 (0.06) † -0.18 (0.36) † 

Framingham risk score 0.14 (0.02)* 0.09 (0.22) 0.19 (0.04)** 0.12 (0.45) 0.09 (0.01) - 0.19 (0.04) † 0.07 (0.37) 0.09 (0.01) - 0.15 (0.02)* 0.07 (0.36) 

             

Model: Heart rate variability             
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Heart rate variability (ms) -0.17 (0.03)** -0.13 (0.23)* -0.17 (0.03)** -0.09 (0.46) -0.16 (0.02)* -0.08 (0.22) -0.24 (0.06) † 0.14 (0.39)** -0.16 (0.02)* -0.08 (0.22) -0.19 (0.03)** -0.09 (0.36) 

SDNN (ms) -0.27 (0.07) † -0.18 (25)** -0.28 (0.08) † -0.14 (0.46)** -0.15 (0.02)* -0.04 (0.22) -0.33 (0.11) † -0.17 (0.39)** -0.15 (0.02)* -0.04 (0.22) -0.22 (0.05) † -0.07 (0.35) 

RMSSD (ms) -0.21 (0.05) † -0.15 (0.24)** -0.21 (0.05) † -0.10 (0.45)* -0.09 (0.01) - -0.29 (0.08) † -0.16 (0.29) -0.09 (0.01) - -0.17 (0.03)** 0.05 (0.35) 

LF (Hz) -0.122 (0.02) † -0.02 (0.22) -0.19 (0.04)** -0.05 (0.46) -0.09 (0.01) - -0.16 (0.02) - -0.09 (0.01) - -0.15 (0.02)* -0.02 (0.36) 

HF (Hz) -0.01 (0.00) - 0.11 (0.01) - 0.07 (0.00) - 0.02 (0.00) - 0.07 (0.00) - 0.07 (0.01) - 

LF/HF (Hz) -0.01 (0.00) - -0.01 (0.00) - -0.06 (0.00) - 0.07 (0.01) - -0.06 (0.00) - -0.00 (0.00) - 

             

Note: * − Indicates statistical significance <0.05; ** − Indicates statistical significance <0.01; † − indicates statistical significance <0.001.  

a – univariable models using linear regression; b – Multivariable linear regression adjusted for covariates::age, sex, height and weekly metabolic equivalent minutes; kg•m-2 – kilogram per meter squared; cm – centimetre; % – percentage; mm Hg – 
millimetres of mercury; mmol•L-1 – millimole per litre; MET – metabolic equivalents; ms – millisecond; Hz – hertz; BMI – body mass index; WC – Waist circumference; SBP – systolic blood pressure; DBP – diastolic blood pressure; NFBG – non-fasting 

blood glucose; TC – total cholesterol; LDL-C – low-density lipoprotein; HDL-C – high-density lipoprotein; SDNN – standard deviation of all normal-to-normal; RMSSD – root-mean-square of successive differences; LF – low-frequency; HF – high 

frequency; LF/HF – low and high frequency ratio; rpm − repetitions per minute. 
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In Table 12.3 we describe the associations between physical fitness, CVH and pass rates, using 

the predetermined cut-off times for each of the individual tasks. Firefighters who had a good 

abV̇O2max had increased odds of passing the step-up (OR = 4.0), equipment carry (OR = 2.9), 

ladder raise and extension (OR = 2.8) and the rescue drag (OR = 1.9), respectively. Firefighters 

with good leg strength had increased odds of passing the forcible entry (OR = 11.6), equipment 

carry (OR = 1.9) and ladder raise and extension (OR = 1.9), respectively. Firefighters with 

good push-ups capacity had increased odds of passing the equipment carry (OR = 3.1), ladder 

raise and extension (OR = 3.1) and rescue drag (OR = 3.1). Firefighters with good sit-ups 

capacity had increased odds of passing step-up (OR = 3.6), equipment carry (OR = 2.2), ladder 

raise and extension (OR = 4.3) and rescue drag (OR = 2.4), respectively. For CVH, in the 

multivariable analyses, obese firefighters had decreased odds of passing the step-up task, those 

with a high BF% had decreased odds of passing the step-up (OR = 0.3), ladder raise and 

extension (OR = 0.4) and rescue drag (OR = 0.4) respectively. Physically inactive firefighters 

had decreased odds of passing the step-up (OR = 0.1), ladder raise and extension (OR = 0.5) 

and the rescue drag (OR = 0.3), respectively. Firefighters with an intermediate CVHI had 

increased odds of passing the equipment carry (OR = 2.1), ladder raise and extension (OR = 

1.6) and the rescue drag (OR = 2.9), respectively, compared to firefighters with a poor CVHI. 

For MSH, upper body injuries (OR = 0.5) and low back injuries (OR = 0.3) decreased the odds 

of passing the rescue drag task. Firefighters that reported MSD and lower limb discomfort had 

decreased odds of passing the step-up (OR = 0.4 and 0.2), respectively. Low back discomfort 

decreased the odds of firefighters passing the rescue drag (OR = 0.4). 
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Table 12.3: Logistic regression investigating the association between physical fitness, cardiovascular and musculoskeletal health and physical ability test 

task pass rates in firefighters. 

 Step-up Charged hose drag and pull Forcible entry Equipment carry Ladder raise and extension Rescue drag 

 Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b Model 1 a Model 2 b 

  
OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

Model: Demographics             

Age 2.1 (0.9, 4.8) - 0.5 (0.2, 1.8) - 0.8 (0.4, 1.7) - 0.4 (0.3, 0.8) ** 0.5 (0.2, 1.5) 0.54 (0.3, 0.9) * 0.4 (0.1, 0.9) * 1.6 (0.9, 2.9) - 

YoE (0-10 years) 0.9 (0.9, 0.9) † 0.8 (0.7, 0.9) † - -  -       

11-20 years 0.45 (0.14, 1.43) - 0.1 (0.0, 0.6) * 0.1 (0.0, 1.4) 0.6 (0.3, 1.2) - 0.6 (0.3, 1.2) - 1.0 (0.6, 1.8) - 0.6 (0.3, 1.0) - 

21-30 years 0.2 (0.1, 0.8) * 0.1 (0.0, 0.6) * 0.2 (0.0, 0.6) - 1.4 (0.5, 3.9) - 0.5 (0.3, 1.1) - 0.8 (0.4,1.7) - 0.8 (0.4, 1.7) - 

31 years and over 0.1 (0.0, 0.4) † 0.01 (0.0, 0.2) ** 0.2 (0.0, 1.4) - 0.4 (0.1, 0.9) - 0.1 (0.1, 0.4) † 0.1* (0.0, 0.9) 0.3 (0.2, 0.9) - 0.1 (0.0, 0.3) † 0.1 (0.0, 0.6) * 
             

Model: Physical fitness              

Ab. CRF 2.9 (1.3, 6.9) * 4.0 (1.2, 13.2) * 3.8 (1.2, 11.8) * 0.6 (0.1, 3.5) 2.9 (1.5, 5.7) ** 1.4 (0.7, 3.1) 4.9 (2.8, 8.8) † 2.8 (1.4, 5.4) ** 3.2 (1.9, 5.4) † 1.9 (1.1, 3.5) * 3.5 (2.0, 5.9) † 1.9 (1.1, 3.7) * 

Rel. CRF  0.4 (0.2, 1.0) - 1.1 (0.4, 2.8) - 1.6 (0.9, 3.1) - 0.9 (1.0, 1. 7) - 1.3 (0.8, 2.2) - 1.0 (0.1, 1.7) - 

Grip strength 1.4 (0.6, 3.2) - 6.9 (1.5, 30.4) * 0.9 (0.1, 8.4) 3.6 (1.7, 7.6) † 2.2 (0.9, 5.1) 2.9 (1.6, 5.0) † 1.7 (0.9, 3.4) 3.9 (2.3, 6.6) † 2.6 (1.4, 4.6) ** 2.5 (1.5, 4.2) † 1.3 (0.7, 2.5) 

Leg strength 2.5 (0.9, 6.4) - 11.9 (1.6, 90.5) * 1.4 (0.1, 21.5) 19.7 (4.7, 83.1) † 11.6 (2.7, 50.8) ** 4.9 (2.6, 9.3) † 2.1 (1.0, 4.4) * 3.9 (2.3, 6.7) † 2.4 (1.4, 4.4) ** 3.6 (2.0, 6.3) † 1.5 (0.8, 2.9) 

Push-ups 4.1 (1.7, 10.1) ** 2.4 (0.8, 6.7) 6.8 (1.9, 24.2) ** 7.9 (0.8, 75.9) 2.1 (1.1, 4.0) * 1.8 (0.8, 4.0) 3.7 (2.1, 6.4) † 3.1 (1.5, 6.2) ** 2.9 (1.7, 5.1) † 3.1 (1.6, 6.1) † 3.4 (2.0, 5.8) † 3.1 (1.5, 6.0) ** 

Sit-ups 5.2 (2.0, 13.1) † 3.6 (1.3, 10.1) * 4.7 (1.5, 14.7) ** 4.9 (0.7, 32.6) 1.5 (.8, 2.9) - 2.5 (1.5, 4.3) † 2.2 (1.1, 4.1) * 3.8 (2.2, 6.6) † 4.3 (2.2, 8.1) † 2.5 (1.5, 4.1) † 2.4 (1.3, 4.5) ** 

Flexibility 1.2 (0.5, 2.5) - 1.2 (0.4, 2.9) 5.4 (0.9, 33.3) 1.2 (0.6, 2.2) - 1.2 (0.7, 2.1) - 1.5 (0.9, 2.5) - 1.0 (0.6, 1.6) - 

             

Model: Cardiovascular health           

 Obesity  0.2 (0.1, 0.4) † 0.2 (0.1, 0.6) ** 0.2 (0.1, 0.4) † 0.2 (0.0, 1.2) 0.8 (0.4, 1.5) - 0.5 (0.3, 0.9) * 0.9 (0.4, 1.8) 0.5 (0.3, 0.9) * 0.7 (0.3, 1.4) 0.5 (0.3, 0.9) * 0.8 (0.4, 1.5) 

 Central obesity  0.3 (0.1, 0.6) ** 0.5 (0.2, 1.3) 0.3 (0.1, 0.8) * 0.6 (0.1, 3.3) 0.8 (0.4, 1.5) - 0.5 (0.3, 0.8) ** 0.7 (0.4, 1.4) 0.6 (0.4, 1.1) - 0.5 (0.3, 0.8) ** 0.8 (0.4, 1.5) 

 High BF%  0.2 (0.1, 0.4) † 0.3 (0.1, 0.8) * 0.1 (0.0, 0.3) † 0.3 (0.1, 1.6) 0.6 (0.3, 1.1) - 0.5 (0.3, 0.8) ** 0.9 (0.4, 1.8) 0.3 (0.1, 0.6) † 0.4 (0.2, 0.9) * 0.3 (0.2, 0.5) † 0.4 (0.2, 0.9) * 

 Hypertension  0.8 (0.4, 1.8) - 0.5 (0.2, 1.3) - 0.6 (0.3, 1.1) - 0.9 (0.6, 1.6)  0.9 (0.6, 1.7) - 1.1 (0.7, 1.9) - 

 Diabetes  0.4 (0.1, 10.4) - 0.0 (0.0) - 0.4 (0.1, 3.4) - 0.6 (0.2, 1.9)  0.6 (0.2, 2.2) - 0.8 (0.2, 2.5) - 

 Dyslipidaemia  0.6 (0.3, 1.3) - 0.5 (0.2, 1.2) - 1.1 (0.6, 2.1) - 0.6 (0.3, 0.9) * 0.8 (0.4, 1.6) 0.8 (0.5, 1.4) - 0.6 (0.4, 1.1) - 

 High LDL-C  1.1 (0.5, 2.7) - 0.9 (0.3, 2.7) - 0.8 (0.4, 1.8) - 0.7 (0.4, 1.3)  0.1 (0.5, 1.6) - 0.9 (0.5, 1.7) - 

 High HDL-C  1.1 (0.4, 3.1) - 0.2 (0.0, 1.8) - 1.4 (0.2, 10.9) - 0.9 (0.5, 1.8)  0.9 (0.5, 1.8) - 0.9 (0.5, 1.9) - 

 Hypertriglyceridemia 1.3 (0.6, 3.1) - 0.2 (0.0, 0.9) * - 0.4 (0.2, 0.9) - 0.8 (0.5, 1.3)  0.9 (0.6, 1.6) - 0.8 (0.5, 1.4) - 

 Physical inactivity  0.3 (0.1, 0.9) * 0.1 (0.1, 0.7) * 0.0 (0.0) - 0.3 (0.2, 0.7) ** 0.5 (0.1, 1.2) 0.4 (0.2, 0.7) † 0.6 (0.3, 1.2) 0.4 (0.2, 0.7) † 0.5 (0.2, 0.9) * 0.3 (0.2, 0.5) † 0.3 (0.1, 0.6) ** 
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 Cigarette smoking  2.1 (0.8, 5.5)  0.5 (0.2, 1.6) - 0.8 (0.4, 1.6) - 0.9 (0.6, 1.6)  0.7 (0.5, 1.5) - 0.8 (0.5, 1.3) 0.5 (0.3, 0.9) * 

 CVHI (Poor)              

 Intermediate CVHI  1.4 (0.6, 3.2) - 2.2 (0.8, 5.9) - 1.3 (0.7, 2.7) - 2.5 (1.4, 4.4) ** 2.1 (1.1, 4.1) * 1.9 (1.1, 3.5) * 1.6 (.9, 3.0) * 2.9 (1.6, 5.8) ** 2.9 (1.6, 5.8) ** 

Good CVHI 2.2 (0.5, 10.4) - 3.6 (0.4, 29.8) - 0.7 (0.3, 1.8) - 1.7 (7.0, 4.0)  1.1 (0.4, 2.6)  1.6 (0.7, 3.6)  
             

Model: Musculoskeletal 

health 
            

UBMSI 0.8 (0.3, 1,9)  0.6 (0.2, 1.9) - 0.8 (0.3, 1.8) - 0.6 (0.3, 1,2) - 0.6 (0.3, 1.2) - 0.5 (0.3, 0.9) * 0.5 (0.2, 0.9) * 

LBMSI 0.9 (0.4, 2.2)  0.8 (0.3, 2.3) - 1.5 (0.7, 3.5) - 1.0 (0.5, 1.9) - 0.8 (0.5, 1.5) - 0.8 (0.4, 1.4) - 

LoBMSI 0.3 (0.1, 0.9) * 0.3 (0.1, 1.0) 0.6 (0.1, 2.9) - 0.9 (0.3, 2.7) - 0.4 (0.2, 1.0) - 0.6 (0.2, 1.7) - 0.3 (0.1, .9) * 0.3 (0.1, .8) * 

Musculoskeletal discomfort 0.5 (0.2, 1.2) 0.4 (0.1, 0.9) * 0.7 (0.3, 1.9) - 0.9 (0.6, 1.6) - 1.3 (0.7, 2.1) - 0.9 (0.6, 1.6) - 0.7 (0.4, 1.2) - 

ULMSD 1.2 (0.5, 2.7) - 0.7 (0.3, 1.8) - 0.7 (0.4, 1.5) - 1.1 (0.6, 2.2) - 1.1 (0.7, 1.9) - 0.6 (0.4, 1.0) - 

LLMSD 0.2 (0.1, 0.9) * 0.2 (0.0, 0.7) * 1.2 (0.4, 3.5) - 0.8 (0.4, 1.8) - 0.7 (0.4, 1.3) - 0.7 (0.4, 1.2) - 1.0 (0.6, 1.8) - 

LoBMSD 0.8 (0.3, 1.9) - 0.3 (0.1, 0.8) * 0.4 (0.1, 1.9) * 0.5 (0.2, 1.0) - 0.8 (0.4, 1.4) - 0.8 (0.5, 1.6) - 0.5 (0.3, 0.9) * 0.4 (0.2, 0.9) * 

             

Note: * − Indicates statistical significance <0.05; ** − Indicates statistical significance <0.01; † − indicates statistical significance <0.001.  

a – univariable models using logistic regression; b – Multivariable logistic models adjusted for covariates: age, sex, height and weekly metabolic equivalent minutes; LDL-C – low-density lipoprotein; HDL-C – high-density lipoprotein; BF − body fat; 

UBMSI − upper body musculoskeletal injury; LBMSI − lower body musculoskeletal injury; LoBMSI − lower body musculoskeletal injury; ULMSD − upper limb musculoskeletal discomfort; LBMSD − lower body 

musculoskeletal discomfort; LoBMSD − lower back musculoskeletal discomfort.   
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In Table 12.4, the LASSO results for key indicators of physical fitness and CVH associated 

with occupational-specific task performance in firefighters are delineated. The results of the 

LASSO regression reported that abV̇O2max, grip strength, sit-ups, LBM, BF% and DBP were 

significant indicators for step-up completion times, explaining 26.6% of the variance. For the 

charged hose drag and pull, abV̇O2max, grip strength, leg strength, push-ups, sit-ups, LBM, age, 

BMI and weekly MET minutes were significant indicators and explained 55.6% of the variance 

in the task. For the forcible entry, abV̇O2max, grip strength, leg strength, sit-ups, LBM and 

weekly MET minutes remained significant indicators of completion time in the task, explaining 

26.2% of the variance. AbV̇O2max, grip strength, leg strength, push-ups, sit-ups, sit-and-reach, 

LBM, age, BMI, BF%, HDL-C and weekly MET minutes were significant indicators of 

performance on the equipment carry and explained 45.3% of the variance in the task. For the 

ladder raise and extension abV̇O2max, grip strength, leg strength, sit-ups, LBM BF% and 

Weekly MET minutes were significant indicators of task completion times and explained 

42.1% of the variance in the task. For the rescue drag, abV̇O2max, grip strength, leg strength, 

push-ups, sit-ups, LBM, age and weekly MET minutes explain 47.2% of the variance in the 

task performance.  

 

Table 12.4: LASSO-derived multivariable linear regression coefficients to discern key physical 

fitness and CVH parameters most associated with task performance in firefighters. 

 Model summary Step-up CHDP FE EC LRE RD 

Prediction 0.791 0.463 0.757 0.574 0.629 0.561 

Estimate 0.832 0.507 0.814 0.614 0.709 0.618 

R2 0.266 0.556 0.292 0.453 0.421 0.472 

Variables        

abV̇O2max (L•min) -0.007 -0.092 -0.106 -0.191 -0.108 -0.065 

relV̇O2max (mL•kg•min) - - - - - - 

Grip strength (kg) -0.072 -0.169 -0.064 -0.138 -0.201 -0.168 

Leg strength (kg) - -0.134 -0.105 -0.036 -0.053 -0.105 

Push-ups (rpm) - -0.117 - -0.136 - -0.151 

Sit-ups (rpm) -0.177 -0.086 -0.037 -0.059 -0.137 -0.068 

Sit-and-reach (cm) - - - -0.003 - - 
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Lean body Mass (kg) -0.066 -0.278 -0.121 -0.112 -0.134 -0.185 

Age (years) - 0.093 - 0.043 - 0.022 

Body mass index (kg•m-2) - 0.073 - 0.001 - - 

Waist circumference (cm) - - - - - - 

Body fat percentage (%) 0.092 - - 0.091 0.077 - 

Systolic blood pressure (mmHg) - - - - - - 

Diastolic blood pressure (mmHg) 0.018 - - - - - 

Non-fasting blood glucose (mmol•L-1) - - - - - - 

Total cholesterol (mmol•L-1) - - - - - - 

Low-density lipoprotein cholesterol (mmol•L-1) - - - - - - 

High-density lipoprotein cholesterol (mmol•L-1) - - - -0.001 - - 

Triglycerides (mmol•L-1) - - - - - - 

Weekly MET minutes (MET•min) - -0.009 -0.028 -0.112 -0.051 -0.068 

Framingham risk score (%) - - - - - - 

Note: R2 − R squared. CHDP − charged hose drag and pull; FE − forcible entry; EC − equipment carry; LRF − ladder 

raise and extension; RD − rescue drag; kg•m-2 – kilogram per meter squared; cm – centimetre; % – percentage; mm Hg – 

millimetres of mercury; mmol•L-1 – millimole per litre; MET – metabolic equivalents; BMI – body mass index; WC – 

Waist circumference; SBP – systolic blood pressure; DBP – diastolic blood pressure; NFBG – non-fasting blood glucose; 

TC – total cholesterol; LDL-C – low-density lipoprotein; HDL-C – high-density lipoprotein; rpm − repetitions per minute.  

 

12.4.  Discussion 

The results of the study indicated that firefighters with higher levels of absolute 

cardiorespiratory fitness, muscle strength and endurance and favourable body composition, 

performed all occupational-specific tasks significantly faster and were more likely to pass each 

task. This is consistent with previous studies where higher levels of physical fitness was related 

to better occupational-specific task performance in firefighters [3,5,6,46]. In addition, the 

results indicated that firefighters aged 45 years and older who had a BMI over 30 kg•m-2 and 

those that had higher blood pressure, worse lipid profile and a low HRV were the poorest 

performers on all the individual occupational-specific tasks. These results corroborate previous 

research where older and obese firefighters had poorer performance on most occupational tasks 

[3,5,6]. Moreover, higher levels of blood pressure and worse lipid profile have been shown to 

be associated with lower levels of physical fitness [47–49], providing a potential explanation 

for poorer performance on the individual tasks in this group. In the present study, firefighters 

that reported sustaining an MSI performed the rescue drag task significantly slower and those 
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that reported more MSD performed the step-up, charged hose drag and pull and the rescue drag 

task significantly slower. This is consistent with previous studies where MSH was related to 

more physical and work functioning restrictions [26,27,30].  

 

In the current study, an increase in absolute cardiorespiratory fitness was associated with faster 

completion times for all occupational-specific tasks and a key indicator in the performance of 

all occupational-specific tasks. However, relative cardiorespiratory fitness was related to faster 

completion times for the step-up task, only. Schonfeld et al. [50] reported that relV̇O2max was 

inversely related to a stair climb (r = -0.627), chopping task (r = -0.324) and the victim rescue 

(r = -0.447) tasks in firefighters. Similarly, Chizewski et al. [3] found estimated relV̇O2max was 

inversely related to the self-contained breathing apparatus (SCBA) crawl (r = -0.530), victim 

rescue (r = -0.342), hose advance (r = -0.266) and the equipment carry (r = -0.361) tasks. Rhea 

et al. [6] used the Cooper 12-minute run test to estimate cardiorespiratory in fitness.  found that 

cardiorespiratory fitness had a tendency to be inversely related to the hose pull (r = -0.05), 

victim drag (r = -0.33), stair climb (r = -0.36) and the equipment host (r = -0.12) in firefighters, 

but none of these correlations achieved significance, perhaps owing to the small sample size. 

The authors noted that this lack of association could also be due to the extended break periods 

between tasks, which reduced the need for higher cardiorespiratory fitness levels. The findings 

of Rhea were supported by Skinner et al. [18] who reported that relV̇O2max was not related to 

individual task performance; however, it was related to overall occupational-specific tasks. The 

absence of significance in the association between cardiorespiratory fitness and individual task 

completion time may be due to the relatively fit and homogenous group of firefighters that 

were recruited to participate. In contrast, Williford et al. [5] found that more distance covered 

on the on the 1.5-mile run, which was used to estimate cardiorespiratory fitness, was 

significantly and positively related to the forcible entry (r = 0.25), equipment hoist (r = 0.30), 
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victim rescue (r = 0.23) and the stair climb (r = 0.38). This indicates that occupational tasks 

that require more time to complete, that are also more strenuous, require higher levels of 

cardiorespiratory fitness to perform them adequately [3,5,6,46].Moreover, we found that after 

adjustment for age, sex, height and weekly MET minutes, absolute cardiorespiratory fitness 

remained significantly related to all tasks. Furthermore, absolute cardiorespiratory fitness, 

rather than relative cardiorespiratory fitness, contributed more significantly toward overall 

occupational-specific task performance. A study by Perroni et al. [51] also found that absolute 

cardiorespiratory fitness was more correlated to performance of the Queens College Step Field 

test compared to relative cardiorespiratory fitness (r = 0.76 vs r = 0.54) while performing the 

test wearing full PPE. The authors noted that using absolute oxygen may be a useful tool when 

evaluating cardiovascular strain in firefighters while firefighters are in PPE [51]. It is possible 

that absolute cardiorespiratory fitness may be a valuable measure while firefighters are wearing 

full PPE, as higher levels of relative oxygen consumption may not necessarily relate to better 

performance  if firefighters lack the necessary muscle mass and strength needed to overcome 

the additional weight [51,52]. This may be a possible explanation for the results in the present 

study. Although being leaner may be more favourable in many cases, a higher overall LBM 

reflecting a greater muscular mass/strength and a greater ability to utilize oxygen (absolute 

oxygen utilisation) [53], may explain more favourable performances on each of the 

occupational-specific tasks. This would suggest that firefighters with a higher LBM, regardless 

of body weight, and a higher absolute V̇O2max, would perform significantly better, likely due to 

greater oxygen uptake and additional muscular strength to overcome the weight of their PPE 

[3,33,38,54–56]. The current study found that firefighters that were more physically active 

performed significantly better (shorter performance time) on the charged hose drag and pull, 

ladder raise and extension, equipment carry, forcible entry and the rescue drag. Firefighters 

that are more physically active would, inherently, have a higher level of physical fitness 
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[22,23,57]. And, as physical fitness has been significantly related to better occupational 

performance, this would relate to better performance on all the occupational performance tasks 

[3,34,55,58].   

 

In the present study, as the tasks progressed, cardiorespiratory fitness became more significant 

in completion of the occupational simulation tasks. This may be due to the increase in 

cardiorespiratory workload, and subsequent increase in cardiovascular fatigue, particularly for 

occupational simulation protocols that are longer and encompass more tasks, requiring higher 

levels of oxygen consumption for an extended period  [6,59,60]. Von Heimburg reported that 

the faster firefighters consumed oxygen at a higher rate than slower ones, however, due to them 

having an extended time for completing the test, accumulated V̇O2 was higher. This suggests 

that as the occupational-specific tasks progressed, cardiorespiratory fitness becomes 

increasingly more important for completion of the simulation protocol. Another study by Von 

Heimburg et al. [56] found that peak V̇O2 could accurately predict occupational performance 

and more so when expressed as absolute cardiorespiratory fitness rather than relative 

cardiorespiratory fitness. Possibly peak V̇O2 (absolute) may be important for faster 

occupational performance, and for slower, less fit firefighters, accumulated V̇O2 or the ability 

to sustain a minimum V̇O2 may be crucial in completing their occupational-specific tasks. 

Fernhall et al. [61] noted that intermittent vigorous-intensity firefighting activity over a three-

hour period induced significant cardiac fatigue, likely resulting in reduced occupational 

performance. This highlights the importance of cardiorespiratory fitness in all firefighting duty-

related tasks, particularly when performed over an extended period. Although the present study 

used a much shorter time period for testing, the cardiovascular strain may be comparable to 

Fernhall et al. [61], where the same cardiac fatigue may have been induced due to the shorter, 

but more intense cardiovascular workloads.  
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We found that higher muscular strength and muscular endurance was associated with shorter 

completion times for all individual occupational-specific tasks. Michaelides et al. [55] reported 

that push-ups stamina was related to the stair climb (r = -0.39) and rolled hose lift and move (r 

= -0.30) and sit-ups were inversely related to the stair climb (r = -0.50), the rolled hose lift and 

move (r = -0.52) and the charged hose advance (r = -0.30). In addition, bench press was 

inversely related to rolled hose lift and move (r = -0.30), Keiser sled (r = -0.41) and rescue drag 

(r = -0.31), squat strength was related to the Keiser sled (r = -0.39) and grip strength was related 

to the Keiser Sled task (r = -0.30), hose pull hydrant hook-up (r = -0.36) and rescue drag tasks 

(r = -0.41) [55]. Similarly, Rhea et al. [6] found that squat strength, was inversely related to the 

hose pull only, and the bench press and hand grip strength was negatively related to the hose 

pull, victim drag, stair climb and equipment hoist. Moreover, muscular endurance in the row, 

bench press, shoulder press and biceps curl were related to better performance on most of the 

individual firefighting tasks. Williford et al. [5] corroborated these findings, reporting that grip 

strength was negatively related to the forcible entry task (r = -0.53), equipment hoist (r = -0.55) 

hose advance (r = -0.41), victim rescue (r = -0.59) and stair climb tasks (r = -0.39). In addition, 

firefighters with higher push-ups capacity performed better on all tasks, and firefighters with a 

higher sit-ups capacity performed better on all tasks, except the hose advance task. This was 

further supported by Skinner et al. [18] who reported that higher strength levels in the bench 

press (r = -0.471) and higher endurance capacity in the push-ups (r = -0.385) were negatively 

related to the hose drag task. A study by von Heimburg et al. [56] noted that there was a 

minimum standard of muscular strength and endurance are required to perform the 

occupational tasks acceptably and muscular strength exceeding this point had progressively 

less impact on the performance of each task. Moreover, overweight and obese firefighters with 

higher strength levels did not perform better than lighter fighters that had sufficient strength to 
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overcome the task [56], which had been a finding that was reported by Phillips et al. [17]. 

Chizewski et al. [3] noted that after a 7-week intervention, as strength levels increased, the 

relationship between strength and individual task performance became stronger, however, the 

relationship between muscular endurance became weaker in most tasks. This suggests that 

stronger firefighters require less effort to perform each task, leading to a lower emphasis being 

placed on firefighters having higher levels of muscular endurance. Nonetheless, higher levels 

of muscular strength and endurance have been consistently reported to be related to better 

occupational performance and are integral to ensure firefighters are capable of performing their 

duties effectively [5,18,46] In the present study, we found that higher sit-and-reach scores were 

associated to lower completion times on the equipment carry task. A systematic review [46] 

reported that there was a significant effect for flexibility on the stair climb task in firefighters. 

However, results for the relationship between flexibility and task performance are inconsistent 

in the literature [3,18,46,54]. 

 

The results showed that firefighters that had a higher LBM had significantly shorter completion 

times on all occupational-specific tasks. Williford et al. [5] reported that fat-free weight was 

significantly and inversely related to the forcible entry (r = -0.54), equipment hoist (r = -0.45), 

hose advance (r = -0.36), victim rescue (r = -0.54), but not the stair climb task. In addition, fat-

free weight was a significant contributor to the model predicting overall occupational 

performance. Similarly, Davis et al. [34] reported that LBM was associated with lower 

occupational performance times (r = -0.460) and was retained in the model predicting 

occupational performance in firefighters.  Skinner et al.[18] found that LBM was not related to 

individual task performance, however, was negatively related to overall occupational 

performance in firefighters. Henderson et al. [52] found that in 306 firefighters that LBM was 

positively related to axe power task (r = 0.19) and combat test times (r = 0.52). It is likely 
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firefighters with a higher LBM are taller and heavier, with more muscle mass, which has all 

been shown to be related to better performance on all tasks [5,17,38].  

 

In the current study we found that as age (and hence years of experience increased), the 

completion times for each of the occupational-specific performance tasks increased. Williford 

et al. [5] reported that an increase in age was related to an increase in the stair climb (r = 0.52) 

task completion time. Similarly, Chizewski et al. [3] reported that age was positively correlated 

with the SCBA crawl task. Skinner et al. [18] found that age was positively related with the 

dummy drag (r = 0.389) completion times. Although, in previous studies, age was not 

consistently reported to decrease performance on all individual occupational-specific tasks,  

age has been shown to be associated with slower overall occupational performance times 

[34,38,62,63]. Researchers have argued that older and more experienced firefighters have 

learned superior techniques that could, at least partially, counteract the age-related decrease in 

cardiorespiratory fitness [38]. However, in the present study, an increase in age was associated 

with an increase in the completion times of all tasks, except the forcible entry task. While our 

results are generally consistent with earlier studies showing that older firefighters performed 

certain tasks slower than younger firefighters [3,5,18], our results show that older firefighters 

consistently performed worse on all occupational-specific tasks. This may be due to the natural 

age-related decrease in cardiorespiratory fitness, muscular strength and endurance, negatively 

affecting occupational performance in firefighters [64–67].  

 

We found that an increase in BF% and BMI were associated with significantly slower 

completion times for all occupational-specific tasks in firefighters. Williford et al. [5] reported 

that BF% was significantly and positively related to forcible entry completion times (r = 0.21), 

equipment hoist (r = 0.23), victim rescue (r = 0.25) and stair climb tasks (r = 0.52) completion 
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times. Similarly, Chizewski et al. [3] reported that BMI was positively related to the SCBA 

crawl task completion time (r = 0.379). However, after an exercise intervention, BMI was 

inversely related to the hose drag advance (r = -0.272) and the ladder raise (r = -0.274) task 

completion times. This may be due to an increase in LBM and muscles strength, in the absence 

of a loss in body fat, leading to an increase in BMI, that is related to better task performance 

[68]. Schonfeld et al. [50] that reported that BF% was positively related to the stair climb task 

completion time (r = 0.535). Similarly, Ebersole et al. [69] reported that in a sample of 17 

firefighter recruits, BF% was positively related to the stair climb task completion time (r = 

0.563). Skinner et al. [18] noted that BF% was not related to individual task performance but 

was positively related to overall occupational completion times (r = 0.481). In contrast, Rhea 

et al. [6] reported that there were no significant relationships between BF% and the completion 

times of any occupational tasks; however, this may be due to the small cohort (include sample 

size) used in the study. An increase in body fat represents non-functional mass that increases 

the effort firefighters are required to exert to successfully complete each task, which, 

subsequently, increases the time taken to complete each task [46,54,55]. It is also plausible that 

obese firefighters ambulate more slowly and less efficiently [70], extending the time to 

complete each task that requires continual movement, such as the hose drag, equipment carry 

or victim drag, while also requiring additional time moving from task to task. In addition, it is 

likely that obese firefighters’ fatigue quicker, consequently reducing their overall occupational 

performance [5,69,71].  

 

We found that taller and heavier firefighters performed significantly better than their lighter 

and shorter counterparts. This was consistent with a study conducted by Phillips et al. [17] that 

reported heavier and, subsequently, taller, firefighters performed favourably on all simulation 

tasks, except the ladder climb test. Similarly, Williford et al. [5] reported that height and weight 
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were significantly related to all occupational performance task completion times. Taller 

firefighters, inherently, would have a higher LBM, consequently, a higher overall muscle mass 

and V̇O2max [17,18,72]. Taller firefighters may have an additional biomechanical advantage, 

requiring a lower leg lift for the step-up, having a greater stride length for the charged hose 

drag and pull, being more stable when pitching the ladder and having a larger swing arc for the 

forcible entry [17,73]. Von Heimburg et al. [38] separated participants into fast and slow 

performers, and found that those who performed a rescue operation fastest were taller (9 cm) 

and heavier (10 kg more) than those who performed the task more slowly.  

 

We found that an increase in HRV, SDNN and RMSSD was associated with faster completion 

times for all occupational-specific tasks, and LF range was associated with better performance 

on all tasks, except the forcible entry. A study by Lesniak et al. [74] reported that SDNN was 

negatively related to the hose drag (r = -0.745), ladder raise (r = -0.738) and rescue (r = -0.738) 

tasks and LF/HF ratio was negatively related to the forcible entry task (r = -0.718). Previous 

studies have also found that firefighters that had higher HRV was related to higher physical 

performance [75,76], sleepiness and higher levels of fatigue [77], and cardiovascular health 

[78]. Theoretically, Firefighters with higher HRV indices would be fitter, and healthier, 

consequently performing better on of all the occupational-specific tasks. The LF range has been 

reported to be associated with the physical fitness levels, the stress state and baroreceptor 

functioning in individuals [79]. This suggests that firefighters that are in lower stress states are 

fitter and may perform their duties more efficiently than those that are in a more stressed state, 

which has been a proposed theory explaining the reasons for performance decrements in 

firefighters [79–81]. This becomes particularly evident as firefighters age and become more 

stressed, as a result of being in the profession for a longer period [82,83]. The use of HRV may 

provide a new, and relatively cost-effective, criterion to assist in assessing the physical health 
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and occupational performance in firefighters. This was the first study conducted in Africa using 

HRV to assess occupational-specific task performance, and few studies exist investigating the 

association between HRV and occupational performance in firefighters. More research needs 

to be conducted in this area.  

 

The findings of the present study indicated that a higher blood pressure was associated with an 

increase in the step-up, the charged hose drag and pull and the equipment carry completion 

times. Similarly, Davis et al. [34] reported that diastolic blood pressure was positively related 

to occupational task performance (r = 0.233) in firefighters. In the present study, the step-up, 

charged hose drag and pull and the equipment carry tasks involved strong isometric and 

isotonic contractions, which leads to an exaggerated blood pressure response [20,84].  

 

Firefighters that reported MSIs had slower completion times for the step-up and rescue drag 

tasks and those with MSD, particularly in the lower back region, had slower completion times 

for the step-up, charged hose drag and pull and rescue drag tasks. McDermid et al. [27] reported 

that MSD was not significantly related to the completion times of the stair climb or hose drag 

tasks. However, firefighters with severe discomfort took 10 seconds longer to perform the stair 

climb compared to those without discomfort. Similarly, Nazari et al. [85] reported that spine 

pain was related to firefighters reporting the most physical and work limitations. In addition, 

the current study showed that firefighters who experienced more overall MSD and, those 

specifically experiencing MSD in the shoulder, upper back, wrist and hand regions took 

significantly longer to complete the forcible entry task. Since the forcible entry task requires 

firefighters to swing a sledgehammer with maximal force [3,5], it is unsurprising that 

firefighters with MSD in the shoulder, upper back and wrist and hand regions would have the 

most physical limitations leading to worse performance. Azmi and Masuri [30] reported that 
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MSD in the upper back, lower back, left wrist and left thigh contributed to 50% of the limitation 

to functional status in firefighters. Limitations, caused by previous injury or current discomfort, 

may contribute toward firefighters guarding the injured or discomforted area [26,86]. 

Moreover, pain or previous injury may contribute toward reduced force production 

contributing toward worse performance on each task, particularly those requiring weight 

bearing, placing stain on the lower limbs and low back, such as the step-up, charged hose drag 

and pull and the rescue drag, as seen in the present study [87]. 

 

The results of the LASSO analysis indicated that firefighters with higher cardiorespiratory 

fitness, muscle endurance capacity, who are stronger, more physically active and had a lower 

BF% and higher LBM had the shortest completion time on the step-up, charged hose drag and 

pull, forcible entry, equipment carry, ladder raise and extension and the rescue drag tasks. 

Previous studies are consistent with these findings, and have shown that stronger, fitter and 

leaner firefighters performed the stair climb, hose drag and pull, forcible entry, equipment 

carry, ladder raise and rescue drag tasks significantly quicker than weaker, overweight/obese 

and less fit firefighters [3,6,18,34,55]. In a study that used a similar approach to ours, but with 

some different occupational tasks, Lindberg et al. [88] reported that measures of physical 

fitness, particularly those related to cardiorespiratory fitness, grip strength, grip endurance  

explained 82% of the variance in the stair climb task, 79% of the variation in the hose pulling 

task, 69% of the variance in the demolition task and 77% of the variance in the victim rescue 

task. Nazari et al. [89] reported that age, right-hand grip strength, left-hand grip strength, sex 

and resting HR explained 24% of the variance in the hose drag completion times. In addition, 

leg strength, age, sex and resting HR explained 25% of the variance in high-rise pack 

completion times. Henderson et al. [52] reported that muscular strength, relV̇O2max and sit-ups 

explained 54% of the variance in the roof ladder placement task, 45% of the variance in the 
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axe rating task, and 63% of the variance in the combat speed ability test. In aggregate, previous 

studies are consistent with the current findings indicating that hose drag and pull times were 

significantly shorter for firefighters that were stronger, fitter and leaner [3,5].  

 

Strengths and Limitations 

This was the first study to investigate the association between physical fitness, cardiovascular 

and musculoskeletal health in relation to occupational-specific task performance through a 

physical ability test performed by firefighters in the CoCTFRS, adding novel findings, 

particularly in a South African context. The measures for physical fitness, cardiovascular 

health, and occupational-specific task performance were objectively measured by trained 

researchers, using standardized and validated instruments [35]. There are, however, several 

limitations to the present study. The first limitation is the cross-sectional study design which 

precludes the inference of causal relationships. A second limitation was that female firefighters 

were underrepresented, limiting the generalizability to the female firefighter population. 

Cardiorespiratory fitness was measured using a non-exercise estimation, not using lab or field 

testing. Lastly, the multiple comparisons on the relatively small sample size may have 

increased the possibility of spurious findings.  

 

12.5.  Conclusion 

The present study showed that multiple parameters of physical fitness, cardiovascular health, 

and musculoskeletal health were related to better occupational-specific task performance in 

firefighters. Fitter, more active, stronger, and leaner firefighters who had a more favourable 

cardiovascular health profile, and without MSH concerns were the best performers on each 

occupational-specific task. Moreover, firefighters with higher HRV showed faster performance 
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in all occupational-specific tasks, providing novel findings on the relationship between 

cardiovascular autonomic functioning and work performance in firefighters. Municipal fire 

departments may use the study's findings to emphasize the necessity for physical fitness and 

CVH standards to improve firefighters’ occupational performance, as well as to protect CVH 

and MSH of firefighters, and increase the longevity of their careers. Fire departments can 

enhance the services they offer, lower the risk of civilian casualties, and prevent damage to 

vital infrastructure by instituting regular physical exercise programs and enforcing a basic 

fitness standard for all firefighters.  
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CHAPTER THIRTEEN: SUMMARY, DISCUSSION, 

CONCLUSION AND RECOMMENDATIONS 

 

 

 

13.1. Introduction 

The purpose of this chapter is to summarise the main findings of the previous chapters and to 

provide recommendations for future research. The aim of the doctoral study was to assess the 

relationship between cardiovascular health (CVH) metrics and risk profile, musculoskeletal 

health (MSH), physical fitness and occupational performance in firefighters. 

 

13.2. Summary of Findings  

The literature review entailed a range of different types of reviews that resulted in the 

production of the first four (4) peer-reviewed publications from chapters two to five of the 

thesis, as well as a peer-reviewed publication as a book chapter in Appendix X. The research 

data collected in the doctoral study was used to produce a range of manuscripts that resulted in 

a total of seven (7) peer-reviewed publications from chapters six to twelve of the thesis. 

 

Chapter Two reported that there were significant relationships between CVD risk factors, 

MSH, physical fitness and occupational performance. Firefighters who were aged, obese, 

cigarette smokers and physically unfit and inactive were at the highest risk for CVD and 

musculoskeletal health complications, and produced unsatisfactory occupational performance. 

In Chapter Three, a protocol for a systematic review and meta-analysis was presented to 
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ensure the methodology for the systematic review followed a rigorous process. The systematic 

review in Chapter Four reported that age and gender were positively related to occupational 

performance and occupational tasks, while cardiorespiratory fitness, upper body endurance, 

abdominal endurance, handgrip strength, and both upper and lower body strength were 

inversely related to occupational performance completion time. The second systematic review 

in Chapter Five found that selected physiological markers, obesity and ageing were inversely 

related to cardiorespiratory fitness in firefighters.  

 

Chapter Six reported the shoulder was the most common injury site, with approximately 70% 

of firefighters not meeting the minimum physical activity recommendations. While those who 

were more physically active were more likely to report MSIs. Chapter Seven was a pilot study 

that reported a high correlation (>0.9) for repeated measures of equipment and testers, and the 

questionnaires to be reliable for data collection. In Chapter Eight, the results indicated that 

age, BMI, BF%, DBP, TC and the Framingham risk score all increased the odds of firefighters 

reporting MSIs. Moreover, an increase in TC, LDL-C, HRV (SDNN and RMSSD) increased 

the odds of firefighters reporting MSD. Chapter Nine found that cardiorespiratory fitness, 

muscular strength and muscular endurance were significantly associated with cardiovascular 

health, and that relative V̇O2max was a key physical fitness parameter of good CVH in 

firefighters. The results of Chapter Ten showed that higher levels of physical fitness reduced 

the odds of firefighters reporting MSIs, but that higher levels of physical fitness were also 

associated with more frequent MSD. Chapter Eleven reported physical fitness, CVH and 

MSH as significant predictors of occupational performance in firefighters. Absolute V̇O2max, 

handgrip strength, leg strength, push-ups, sit-ups, lean body mass, age, BF%, weekly MET 

minutes and HVR were associated with PAT completion times. In addition, most of the 

variance in occupational performance was explained by weekly MET minutes, BF%, absolute 
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V̇O2max, handgrip strength, leg strength and sit-ups. The results of Chapter Twelve showed 

that absolute V̇O2max, handgrip strength, leg strength, push-ups, sit-ups, LBM and HRV were 

inversely related to all occupational-specific performance tasks in firefighting. The key 

predictors of task performance were absolute V̇O2max, handgrip strength, leg strength, sit-ups, 

lean body mass, BF% and weekly MET minutes.  

 

13.3. Discussion 

This section discusses the relationship between cardiovascular and musculoskeletal health, 

physical fitness and occupational performance in firefighters in the CoCTFRS and the 

contribution of each paper in addressing the aims and objectives of the study (Figure 14.1). 

This section also provides suggestions on improving the cardiovascular and musculoskeletal 

health and physical fitness of firefighters in order to benefit occupational performance.    

 

13.3.1. Cardiovascular and Musculoskeletal Health 

The results from both Chapters Two (narrative literature review) and Eight (original research 

publication three) showed that CVH was significantly associated with MSH in firefighters. 

Older, obese firefighters with more years of experience were at risk of reporting MSIs and 

MSD. These results were consistent with previous literature [1–6].  The combination of an 

increase in non-essential fat mass and the natural deterioration in MSH with aging may 

significantly predispose firefighters to injury [7–9]. Moreover, firefighters who were longer in 

service were more likely to be placed in physically strenuous or dangerous situations, where 

the likelihood of injury increased significantly [8–10]. Chapter Eight was the first study 

conducted which investigated that association between CVH and MSH in firefighters and 

provided novel findings in a research area that has not been investigated previously. This is 
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particularly important for firefighters in South Africa, as it is a historically understudied 

population. The findings of Chapters Two and Eight highlighted that firefighters with poor 

CVH were at potential risk for sustaining MSIs and MSD and indicated the need for more 

research focused on the relationship between CVH and MSH, which may be linked to the high 

prevalence of injury-related absenteeism and early retirement in firefighters [7,11]. In addition, 

the results in Chapter Eight found that high lipid concentrations, particularly TC and LDL-C, 

were significantly related to poor MSH, that was likely the result of aging which negatively 

affected tissue health, and weakened tendons and ligaments. This finding is consistent with the 

results of a systematic review by Tilley et al. [12] which noted that lipid concentrations 

negatively affected connective tissue health. Furthermore, in Chapter Eight firefighters who 

experienced MSD were more likely to have elevated lipid concentrations. A novel finding in 

Chapter Eight was that an increase in HRV was associated with an increase of MSD, which is 

in contrast to a study conducted by Chuang et al. [13] who reported that higher HRV was 

related to lower feelings of musculoskeletal pain and discomfort.  

 

In Chapter Ten, firefighters with higher levels of physical fitness reported MSD more 

frequently. Higher cardiorespiratory fitness was associated with higher HRV, and provided a 

possible explanation for these novel findings [14–16]. Moreover, the narrative literature review 

in Chapter Two indicated that cigarette smokers had poorer MSH than those that did not smoke 

cigarettes [17]. However, this finding was not supported by the results of Chapter Eight, where 

cigarette smoking had no relation to MSH in firefighters. It is important to note that cigarette 

smokers in this cohort tended to be more physically active than non-smokers. In addition, both 

the narrative review and the publication in Chapter Eight showed that physically inactive 

firefighters were more likely to report MSIs. Regardless of the reason, firefighters should 

remain physically active as a means to maintaining their cardiovascular and musculoskeletal 
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health [18–20]. In addition, physical activity has been shown to improve LDL-C and HDL-C 

concentrations, especially in older individuals [21,22], which may have the added benefit of 

maintaining the health of their musculoskeletal system.   

 

13.3.2. Physical Fitness and Cardiovascular Health 

The systematic review (Chapter Four) was the first systematic review to investigate the 

relationship between cardiorespiratory fitness and CVH in firefighters. In addition, the 

publication in Chapter Nine was the first to investigate the relationship between multiple 

physical fitness parameters and CVH in firefighters, particularly in South Africa, and the first 

to use CVHI as a classification tool for firefighter CVH, globally. The publication in Chapter 

Nine was the first to report physical fitness, particularly cardiorespiratory fitness, as crucial for 

the cardiovascular health of firefighters, in the CoCTRFS. Moreover, LASSO-derived 

multivariable analysis found that cardiorespiratory fitness was a key indicator for optimal 

CVH, followed by leg strength and upper body endurance. This is consistent with previous 

research and highlighted the importance of cardiorespiratory fitness in maintaining good CVH 

[2–4]. Cardiorespiratory fitness is related to better functioning of the cardiovascular system, 

particularly maximal  oxygen uptake [23,24]. Thus, firefighters with a better cardiorespiratory 

fitness also had a better cardiorespiratory system, and the latter may be considered the most 

important variable in firefighters remaining fit for duty [25–27]. Furthermore, the results in 

Chapter Nine also showed that muscular endurance and muscular strength were significantly 

associated with fewer markers for CVD risk factors, and a more favourable CVHI, particularly 

total blood cholesterol and triglyceride concentrations. Most fatalities in firefighters occurred 

when they were on active duty and were related to overexertion [28]. Firefighters should remain 

physically active throughout their career, and maintain or improve all aspects of physical 

fitness. This will not only improve their CVH, particularly as they age, but also reduce the 
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physical and cardiovascular strain associated with firefighting as well as the incidents of MSIs 

and the development of MSD in firefighters. 

 

13.3.3. Physical Fitness and Musculoskeletal Health 

The results from the publication in Chapter Ten showed that firefighters with a higher level of 

physical fitness were less likely to report MSIs than less fit firefighters. These results were 

consistent with previous research [9,19,29,30]. However, age-related deterioration in MSH and 

the “wear and tear” of firefighting played a significant role in precipitating occupational 

injuries in firefighters. Firefighters should take precautions to reduce the incidence of MSIs by 

remaining physical fit [19,31–33]. In addition, the findings in Chapter Ten showed that stronger 

firefighters, with more muscular stamina, were more likely to report MSD. It may be possible 

that firefighters who were more physically active were experiencing MSD that was primarily 

related to occupational overload and overexertion. The results suggested that there was a 

“sweet spot”, where the volume of physical activity helped maintain the MSH of firefighters, 

and reduced the likelihood of injury and MSD. On a precautionary note, firefighters who are 

physically active recreationally, should monitor their workloads carefully to ensure that they 

are not participating in excessive amounts physical activity and, thereby, overloading their 

musculoskeletal system and predisposing it to injury and MSD. 

 

13.3.4. Effect of Cardiovascular and Musculoskeletal Health and Physical Fitness on 

Occupational Performance in Firefighters 

The systematic review (Chapter Four) was the first that used a meta-analysis to determine the 

effects of CVH, MSH and physical fitness on occupational performance. The publication in 

Chapter Eleven was the first to investigate the collective effects of CVH, MSH and physical 
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fitness on occupational performance in firefighters. The results of Chapters Four and Eleven 

were similar, which indicated that all measures of physical fitness, except flexibility, were 

significantly related to total completion times of performance tasks in firefighting. In addition, 

higher levels of physical fitness were related to better performance on all tasks in the PAT. 

This was consistent with previous research and indicated that physical fitness may be the most 

important factor associated with firefighters’ fitness for duty and optimal occupational 

performance [34–38]. The results of Chapter Eleven showed that absolute cardiorespiratory 

fitness and leg strength were the most significant factors that contributed to better PAT 

performance in firefighters. Perroni et al. [39] noted that absolute cardiorespiratory fitness may 

be a better determining factor of performance in firefighters, due to the additional weight of  

their PPE. In addition, the PAT may favour lower body strength, due to the testing protocol 

focusing on lower extremity strength and endurance [40]. This suggested that occupational 

performance protocols in different regions may favour certain components of health-related 

physical fitness over others [34,35,37,41], which should be considered when prescribing 

intervention programmes to positively impact fitness for duty in firefighters. 

 

The results in Chapter Four also showed that firefighters who were aged, female and obese had 

longer total test completion times, and performed poorer on each of the occupational tasks, 

which was consistent with the results in Chapter Eleven. Chapters Eight to Ten reported that 

aging and obesity were significantly related to poorer CVH, MSH and physical fitness, and that 

older and obese firefighters, especially females with significantly lower body mass, LBM and 

muscular strength performed worse on the PAT. Previous studies reported similar results, 

where aging and obese firefighters were the lowest performers on occupational performance 

simulation protocols [34,36,38,42]. In addition, taller and heavier firefighters performed 

significantly better than shorter and lighter firefighters, indicating that height and weight may 
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be important in performing firefighters’ tasks. This is consistent with the literature which 

indicated that taller and heavier firefighters were the best performers [43,44].  

 

The results in Chapters Eleven and Twelve also found that the Framingham risk score and 

diastolic blood pressure were inversely related to overall occupational performance, and the 

Framingham risk score was also inversely related to  the firefighters’ performances on most 

PAT tasks. In addition, firefighters with a better CVHI performed better on the equipment 

carry, the ladder raise and extension, and the rescue drag. These results suggested that 

firefighters with better CVH performed significantly better, which was supported by the 

literature [44–47]. Furthermore, the results from these chapters indicated that HRV was 

positively associated with overall occupational performance, as well as with each occupational-

specific task. 

 

In Chapter Twelve, the results indicated that MSH was also significantly related to 

occupational-specific task performance, specifically, the step-up, the charged hose drag and 

pull, the ladder raise and extension, and the rescue drag. Previous literature showed firefighters 

with MSH complaints reported more work and performance limitations [46,48–52]. However, 

to the best of the authors knowledge, there have not been a previous study conducted using 

objective measures to assess the affect of poor MSH on occupational-specifc task performance, 

making this the first study of this nature. Remaining physically active and participating in 

regular leisure-time physical activity may help improve and/or maintain firefighters’ MSH 

[8,32,53,54] and thereby, improve their performance on occupational-specific tasks [44,47,55]. 

Monitoring overall workload has been showed to be integral to ensuring optimal MSH 

[33,56,57] and occupational-specific task performance [51,52].  
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For optimal occupational performance and overall occupational well-being, firefighters should 

maintain or improve their level of physical fitness which, in turn, would promote their CVH 

and MSH. In addition, firefighters should ensure that they maintain good body composition 

and regular physical activity, particularly as they age. Also, firefighters should monitor their 

overall weekly workload to ensure adequate recovery and minimal risk for MSIs and MSD. 

The results reported that firefighters with good levels of physical fitness, CVH and MSH 

performed their duties with the greatest vigour, intensity and consistency. 

 

13.3.5. Effect of Age, Sex, Weight, Height and Weekly Physical Activity on Occupational 

Performance in Firefighters     

From the original publications (Chapters Six to Twelve), ageing had a significant influence on 

CVH, MSH, physical fitness and occupational performance. Older firefighters had poorer 

CVH, lower physical fitness and were more likely to report MSIs. This was supported by 

similar results in previous studies [34,35,37,38]. The first systematic review (Chapter Four) 

and the results from publications in Chapters Eleven and Twelve found that older firefighters 

performed poorer on the PAT, which was related to them having lower CVH and physical 

fitness scores [51,52,56]. It has been presumed that previous injuries or current discomfort may 

result in firefighters guarding the injured or discomforted site, reducing the force output or 

effort generated to perform that occupational-specific task, as a protective mechanism. It is 

paramount that aged firefighters maintain good CVH, MSH and physical fitness in order to 

comply with occupational readiness for duty. 

 

Heavier firefighters performed poorer on the step-up task, which was similar to the results 

reported by Phillips et al. [43] that heavier firefighters performed worse on tasks that required 

them to lift their body weight. Furthermore, taller firefighters may have a biomechanical 
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advantage over shorter firefighters in performing certain tasks [58,59].  

 

Furthermore, occupational performance differed across sex, as female firefighters had lower 

levels of muscular strength and endurance and lower absolute V̇O2max, but were more flexible, 

had a higher relative V̇O2max, and were more likely to report MSIs compared to the male 

firefighters. This was consistent with previous literature as well [44,60,61]. Female firefighters 

were more likely to have better CVH compared to male firefighters. However, female 

firefighters may need more specific exercise programmes that are designed to improve their 

muscular strength and muscular endurance to ensure that they had the required muscular 

stamina for firefighting [44,60,62].  

 

In general, firefighters who were more physically active had good CVH and higher levels of 

physical fitness compared to less active firefighters. However, an increase in weekly MET 

minutes and physical fitness were also related to an increase in MSD. This may be due to 

firefighters being predisposed to musculoskeletal overload, due to not monitoring their overall 

levels of physical activity [33,56,57]. Previous literature found that either excessive or 

insufficient amounts of physical activity were important factors in determining MSIs [31–

33,57] and MSD [48–50,63]. Although, physical activity and physical fitness were 

quintessential elements for firefighting, however, excessive or inadequate amounts of activity 

may increase the risk of firefighters experiencing injury [33,57]. 

 

The results in the publication in Chapter Twelve found that height and weight were particularly 

important for firefighters performing well on the PAT. Previous studies noted that heavier and 

taller firefighters performed better compared to lighter and shorter firefighters [43,44]. It is 

probable that taller firefighters were also heavier with a higher lean body and muscle mass that 
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resulted in better occupational performance [34,35,37,38]. However, heavier firefighters 

performed poorer on the step-up task, which was similar to the results reported by Phillips et 

al. [43] that heavier firefighters performed worse on tasks that required them to lift their body 

weight, along with the equipment. Two tasks used frequently in firefighter occupational 

performance simulations are the crawl task and the search task, and ladder climbs, requiring 

firefighters to ambulate in small and confined spaces, which favour smaller and lighter 

firefighters [37,58,64]. The PAT does not include tasks such as the crawl and search tasks, 

which may explain why taller and heavier firefighters were the best performers [65–67]. 
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Figure 13.1: Organogram highlighting the key findings from the various publications that contributed to answering the study research question.  
V̇O2max − maximal oxygen consumption; LBM − lean body mass; BMI − body mass index, BF% − body fat percentage; SBP − systolic blood pressure; BDP − diastolic blood pressure; NFBG − non-

fasting blood glucose; HRV − heart rate variability; MSI − musculoskeletal injury; MSD − musculoskeletal discomfort; WMETM − weekly metabolic equivalent minutes. 

CHAPTER SEVEN 
•  A high correlation for repeated measures of equipment and 

testers, and the questionnaires were found to be reliable for data 

collection. Objective One 

Objective Two 

Objective 

Three 

The aim of the study was to assess the relationship between 

cardiovascular health metrics and risk profile, 

musculoskeletal health, physical fitness and occupational 

performance in firefighters. 

CHAPTER TEN 
• AbVO2max, push-ups, sit-ups, and sit-and-reach decreased the 

odds of firefighters reporting MSIs.  

• Push-up capacity increased the odds of firefighters reporting neck, 

elbow and forearm, wrist and hand, and thigh discomfort.  

• Sit-up capacity increased the odds of firefighters reporting upper 

back discomfort and thigh discomfort. 

CHAPTER TWO 
• Physical fitness is related to occupational performance. 

• The relationship between cardiovascular risk factors, 

musculoskeletal health and occupational performance is less clear 
and understudied. 

• Significant gaps remain in the literature. 

CHAPTER FOUR 
• Age had a moderate effect on occupational performance, whereas 

gender had a large effect on occupational performance. 

• A moderate negative correlation was found between 

cardiorespiratory fitness and occupational performance 

completion time.  

• Significant low negative correlations were found between upper 

body endurance, abdominal endurance, grip strength, upper body 

strength and lower body strength and occupational performance 
completion time. 

CHAPTER FIVE 
• Obesity and aging were related to cardiorespiratory fitness. 

• Cardiorespiratory fitness was related to SBP, DBP, total cholesterol levels, 

low-density lipoprotein cholesterol, triglycerides and blood glucose 
concentration. 

CHAPTER EIGHT 
• Older age, BMI, BF%, DBP, total cholesterol, obesity, 

hypertension, dyslipidemia and Framingham risk score increased 
the risk of MSIs.  

• MSD was associated with total cholesterol and low-density 

lipoprotein cholesterol.  

CHAPTER NINE 
• Relative VO2max was associated with SBP, DBP, NFBG and total 

cholesterol.  

• Poor CVH index was negatively associated with relative VO2max, 

leg strength, and push-ups.  

• Age was inversely associated with VO2max, push-up and sit-ups 

and sit-and-reach. BF% was negatively associated with absolute 

VO2max, grip and leg strength, push-ups, sit-ups, and LBM. 

CHAPTER ELEVEN  
• Age, LBM, BF%, absolute V̇O2max, grip strength, leg strength, 

push-ups, sit-ups, WMETM and HRV were associated with PAT 
completion times. 

• WMETM, BF%, abV̇O2max, grip strength, leg strength and sit-ups 

explained the highest proportion (50.5%) of the variation in PAT 
completion times. 

CHAPTER TWELVE 
• Absolute V̇O2max, grip strength, leg strength, push-ups, sit-ups 

and LBM had an inverse association with completion times on all 

occupational-specific tasks.  

• Age was positively related to the performance of all tasks.  

• Higher HRV was associated with better performance on all tasks.  

• BF% and DBP were positively associated with the step-up task. 

• MSD reduced the odds of passing the step-up, charged hose drag 

and pull, and rescue drag. 

CHAPTER SIX 
• Age and BMI were significant predictors of physical inactivity, 

while cigarette smoking was a significant predictor of firefighters 

not exercising. 

• Total amount of vigorous-intensity exercise was a significant 

predictor of MSIs. 

CHAPTER THREE 
• The methodology for the systematic review followed a rigorous 

process. 
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13.4. Contribution of the Thesis 

This was the first study investigating the association between CVH, MSH, physical fitness and 

occupational performance in firefighters in South Africa. This thesis contributed significantly 

to identifying the factors that affected occupational performance in firefighters, which is 

particularly important in an African context, given the scarcity of research on the continent. In 

addition, this was the first study to investigate MSH and physical fitness in firefighters in the 

CoCTFRS. Therefore, the results of the present study may contribute meaningfully to 

informing policymakers on the need for developing policies and legislation that encourages 

firefighters in the CoCTFRS to either maintain or improve their CVH, MSH and physical 

fitness to perform their occupational tasks.  

 

This thesis makes an important contribution to contemporary knowledge on the 

interrelationship between CVH, MSH and physical fitness, which has not been studied 

previously, while also provides novel findings on specific factors that predispose firefighters 

to poor CVH and MSI, which is problematic in this population and which may explain the high 

cardiac-related fatalities and injury-related early retirement observed in this population. This 

thesis highlights the current physical and occupational well-being of firefighters in the 

CoCTFRS and the need for further research on this population. 

 

13.4.1. Strengths and Limitations of the Study 

A strength of this thesis is that it includes two systematic reviews and meta-analyses that 

synthesised high-level evidence and contributed significantly to consolidating the 

contemporary knowledge on the relationship between CVH, MSH physical fitness and 

occupational performance. In addition, a pilot study ensures the reliability of all the research 
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instruments and the inter-tester and intra-tester reliability. Moreover, the relatively large 

sample size is an additional strength providing sufficient power for the study. 

There are, however, several limitations to the present study. Because this was a cross-sectional 

study, it precluded all assumptions of causality in this population. Female firefighters 

constituted a relatively small proportion of the total sample size (~10%) that significantly 

reduced the generalizability of the results to the broader population of female firefighters. 

Another limitation is the absence of research theory and qualitative research methods to explain 

the results of the various studies that warrants further investigation. Lastly, although a pilot 

study had been conducted, inaccuracies may have been present when firefighters completed 

the IPAQ and that due to consistency in pre-test instructions, when measuring body 

compoisition inaccuracies may have incurred when using the BIA. 

 

13.5. Conclusion  

The current study reported significant associations between CVH, MSH, physical fitness and 

occupational performance in firefighters. Poorer CVH, particularly, lipid profile, aging and 

obesity were significantly related to impaired MSH, predisposing firefighters to MSIs and 

MSD. Physical fitness was significantly related to better CVH, and firefighters with good levels 

of physical fitness, had more favourable CVH, particularly cardiorespiratory fitness, muscular 

strength and endurance. In addition, high levels of physical fitness reduced the odds of 

firefighters reporting MSIs. However, fitter firefighters were more likely to report MSD, 

especially those who were stronger and with higher muscular stamina. Taller and heavier 

firefighters had an advantage on the PAT. However, older obese firefighters, especially 

females, were predisposed to reduced occupational performance. This highlighted the need for 

individualised intervention programmes, especially for females to ensure firefighters remained 
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fit for duty and maintained good health throughout their careers. In addition, firefighters should 

engage in regular, but not excessive, amounts of physical activity, focusing on 

cardiorespiratory fitness, muscular endurance and muscular strength, while maintaining a good 

CVHI and CVD risk profile, especially as they aged. 

 

13.6. Recommendations 

Future Research 

Further research with a larger cohort of especially female firefighters is recommended. In 

addition, it is recommended that more longitudinal and intervention studies be implemented to 

discern the effect of regular physical activity, specifically cardiorespiratory fitness, muscular 

strength and endurance, on CVH, MSH and occupational performance in firefighters. In 

addition, it may be that there is an ideal level of physical fitness that is conducive to reducing 

MSIs which should be further studied. Furthermore, intervention studies focusing on the 

benefits of behaviour change in firefighters, particularly for improving CVH, MSH, and 

physical fitness, is warranted in this population.  

 

Firefighting Departments and Policymakers 

It is recommended that fire departments and policymakers implement mandatory physical 

activity or exercise programmes to ensure that firefighters become fit and remain physically fit 

throughout their careers. These programmes should be designed to improve cardiorespiratory 

fitness, muscular strength and muscular endurance, as well as MSH. In addition, enforcing 

minimum standards of physical fitness and threshold criteria for CVH parameters, such as 

blood pressure, lipid concentrations and adiposity are warranted. It is recommended that the 

PAT becomes mandated annually, with appropriate interventions put in place to assist 

firefighters in improving their CVH and physical fitness to ensure that they are fit and safe for 
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duty.  

 

Health Professionals  

Of paramount importance is the need for a multidisciplinary team approach in the CoCTFRS 

that enforces regular medical check-ups and physical fitness testing to assist firefighters in 

developing optimal CVH, MSH and/or physical fitness. Proper rehabilitative care by a 

physiotherapist should be provided to firefighters’ post-injury to ensure that they returned 

safely to work and performed their duties at their pre-injury levels. Sport psychologists 

involved in behaviour change are also needed to assist firefighters in adopting new healthier 

behaviours, particularly those related to physical activity and diet. Future research should 

employ a mixed-method approach with interviews and educational strategies to assess the 

firefighters’ likelihood for health behaviour change.  
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UNIVERSITY OF THE WESTERN CAPE 

Private Bag X 17, Bellville, 7535, South Africa 

Tel: +27 21-959 2409 Fax: 27 21-959 3688 

E-mail: 3405618@myuwc.ac.za 

 

INFORMATION SHEET  

    

Project Title:  Relationship Between Cardiovascular Health Metrics and Risk 

Profile, Musculoskeletal Health, Physical Fitness and 

Occupational Performance in Firefighters 

 

 

What is this study about?  

This is a research project being conducted by Jaron Ras from the University of the 

Western Cape.  We are inviting you to participate in this research project in order to 

establish your current cardiovascular health and risk profile, musculoskeletal health, 

physical fitness and occupational ability. This will give you an indication of the areas 

that you need to focus on in order to improve your future results, as well as contributing 

to research which could benefit other firefighters in future, when looking at common 

health issues amongst firefighters regarding cardiovascular risk, musculoskeletal 

health, physical fitness and occupational ability. 

 

What will I be asked to do if I agree to participate? 

You will be asked to complete a consent form before any form of information and data 

may be recorded. Participation may range from completing a questionnaire to 

participating in a cardiovascular risk assessment, physical fitness assessment and 

occupational performance assessment in order to gather the relevant information. This 

will be done in a private area within the relevant fire stations for the convenience of 

those firefighters on duty. The duration of each assessment will be about 20 – 60 

minutes. Questions will include information, such as date of birth, sex, core job 

description, work experience, marital status, highest educational qualification, 

cigarette smoking, a family history of heart disease, medical history and 

musculoskeletal injury/disorders. Health risk assessments will include measurements 

such as resting blood pressure (BP), fasting blood glucose, total cholesterol, waist and 

hip circumferences, body stature, body mass, and heart rate variability. Physical 

fitness assessments will include handgrip strength, leg strength, push-ups, sit-ups and 

sit-and-reach. The physical ability test (PAT) protocol will be used to gather 

cardiorespiratory fitness and occupational performance data.  

 

Would my participation in this study be kept confidential? 

All your personal information will be kept strictly confidential. To help protect your 
confidentiality, we will have all assessments done in a secure, private location within 
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the comfort of the fire station. All recorded data will be kept confidential by replacing 
individuals’ names with numeric codes, and saving the information within a private 
folder, which will be reviewed only by the researcher and supervisor. If we write a 
report or article about this study, your identity will be protected.   
 
Would my confidentiality be readdressed for any reason? 
In the instance that you may be at risk of self-harm or place others at risk, you will be 
referred to a suitably qualified health professional (medical doctor, psychologist, etc.) 
or, with your permission, you will be put in touch with the necessary professional 
services in an attempt to provide emotional or mental support, where necessary.    
 
What are the risks of this research? 

There may be some risks from participating in this research study. Much like any 
activity or assessment there are risks which can be described as both expected and 
unexpected. Possible expected risks of an emotional and psychological nature may 
include feeling self-conscious, embarrassed, or anxiety due to having fears of 
predicted negative outcomes. Unexpected risks include physical aspects, such as 
increased heart rate and blood pressure and discomfort during assessments. Risks 
associated with finger-prick blood sampling, such as potential infection will be 
prevented by using gloves when administrating blood samples and adhering to the 
universal precautions of safety. Physical fitness and PAT assessments may cause 
muscular discomfort, such as delayed onset muscle soreness, a day or two post-
testing, however, this will subside over time.  
 
What are the benefits of this research? 
The benefits to you include personal enrichment and awareness of your current 
cardiovascular risk and musculoskeletal health, as well as your current physical fitness 
levels and PAT performance. As a firefighter, you will be able to establish which areas 
of your lifestyle need to be altered in order to maintain health and well-being, as well 
as improve future assessment results.   
 
Do I have to be in this research and may I stop participating at any time?   

Your participation in this research is completely voluntary.  You may choose not to 

take part at all. If you decide to participate in this research, you may stop participating 

at any time.  If you decide not to participate in this study or if you stop participating at 

any time, you will not be penalized or lose any benefits to which you otherwise qualify. 

 

Is any assistance available if I am negatively affected by participating in this 

study? 

If negative effects occur, medical support will be contacted immediately to provide 

assistance. Safety precautions will be taken to manage the individual, until medical 

help arrives. 

 

What COVID-19 prevention steps will be taken? 

In accordance with the World Health Organization (WHO, 2007) COVID-19 safety 

guidelines, the following precautions will be taken: (1) personal protective equipment 

(PPE) will be worn by the researchers at all times (disposable gloves covering the 

hands, a mask covering the nose and mouth, goggles or visor covering the eyes and 
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face, and a gown or lab coat worn over the researchers clothing, which will be washed 

and disinfected after each day of testing); (2) Hand hygiene will be ensured through 

hand washing, as well as frequent hand sanitization with an alcohol-based sanitizer, 

before and after each participant is tested; and, (3) Equipment hygiene will be ensured 

through disinfecting the equipment, before and after each use, with an alcohol-based 

sanitizer. 

 

What if I have questions? 

This research is being conducted by Jaron Ras from the University of the Western 

Cape.  If you have any questions about the research study itself, please contact Jaron 

Ras on 3405618@myuwc.ac.za.  

 

Should you have any questions regarding this study and your rights as a research 

participant or if you wish to report any problems you have experienced related to the 

study, please contact:   

 

Head of Department: Prof. Andre Travill 

University of the Western Cape 
Private Bag X17 
Bellville 7535         
Email: atravill@uwc.ac.za  
 

Dean CHS: Prof Anthea Rhoda 
Address: Faculty of Community and Health Sciences, University of the Western 
Cape, Private Bag X17, Bellville, 7535 
Email: chs-deansoffice@uwc.ac.za 
 

This research has been approved by the University of the Western Cape’s 

Biomedical Research Ethics Committee/Humanities and Social Sciences Research 

Ethics Committee)  

 

(REFERENCE NUMBER: _____________________) 

 

Biomedical/Humanities and Social Sciences Research Ethics Committee  

University of the Western Cape  

Private Bag X17 

Bellville 

7535 

Tel: 021 959 4111 

e-mail: research-ethics@uwc.ac.za   
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UNIVERSITY OF THE WESTERN CAPE 

Private Bag X 17, Bellville, 7535, South Africa 

Tel: +27 21-959 2409 Fax: 27 21-959 3688 

E-mail: 3405618@myuwc.ac.za 

 

CONSENT FORM 

 

Title of Research Project:  Relationship between Cardiovascular Health 

Metrics and Risk Profile, Musculoskeletal Health, 

Physical Fitness and Occupational Performance in 

Firefighters 

  

 

The study has been described to me in language that I understand and I freely and 

voluntarily agree to participate. My questions about the study have been answered. I 

understand that my identity will not be disclosed and that I may withdraw from the 

study without giving a reason at any time and this will not negatively affect me in any 

way.   

Participant’s name: …………….....................................………….. 

 

Participant’s signature: ...........................……………………………….         

            

Date:    .......................................……………………… 

 

 

Appendix IV: Data Collection Sheet 
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UNIVERSITY OF THE WESTERN CAPE 

Private Bag X 17, Bellville, 7535, South Africa 

Tel: +27 21-959 2409 Fax: 27 21-959 3688 

E-mail: 3405618@myuwc.ac.za 

           

Data Recording Sheet 
 

Project Title:   Relationship between Cardiovascular Health Metrics and Risk 

Profile, Musculoskeletal Health, Physical Fitness and Occupational 

Performance in Firefighters 

 

 

 DATA RECORDING SHEET 

 Alpha-numeric code:    

Participant Surname   

Information First Name   

 Sex (Male=1, female=2)   

 Date of Birth   

 

Core Job Description (fire suppression, accidents,  

paramedic officer, station commander, etc.)  

 Years of Experience  

 Marital Status (Married, Single, Divorced)  

 Highest Educational Qualification  

Medical  

Information 

 

1. Do you have any past or present medical conditions? 

Please state it any. 
 Yes  □            No □ 

 

State: ______________________________ 

 

 

2. Are you currently taking any medication? 

Please state it any. 

 Yes  □            No □ 

 

State: ______________________________ 

 

 

3. Do you have a family history of heart disease?*  Yes  □            No □ 

 

State: ___________________________________ 

 

 

4. Do you presently have any physical (orthopaedic) 

injuries? 

 Yes  □            No □ 

 

State: __________________________________ 

 

 

5. If you answered yes to question 4 above, did this 

injury occur while on-duty?  

 

Please state the mechanism which caused the injury, 

movement, or duty performed. 

Yes  □            No □ 

 

State: __________________________________ 

 

 

6. If you answered positively in question 5 above, are 

you currently receiving treatment for the physical 

injuries? 

 Yes  □            No □ 

 

State: ______________________________ 
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7. Do you have any musculoskeletal disorders diagnosed 

by a medical doctor? 

Yes  □            No □ 

 

State: ________________________________ 

 

 

8. Do you currently have any musculoskeletal pain? Yes  □            No □ 

 

State: ______________________________ 

 

 

*Refers to myocardial infarction, coronary revascularization, or sudden death before 55 years in father or other 

male first-degree relative (i.e., brother or son) or before 65 years in mother or other female first-degree relative (i.e., 

sister or daughter 
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Musculoskeletal 

disorder/health 

Information  

Using the diagram below, tick the boxes for musculoskeletal 

pain/injuries/disorders that you are currently experiencing.  
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Lifestyle 

Information 

 

 

 

 

 

 

 

1. Do you currently smoke? 

 

 

 

 

 

 

 

 Yes  □            No □ 

If yes, please state the average number of cigarettes or 

packets you smoke per day:  

 

Number of cigarettes:_____ 

 

Number of packets: ______ 

 

 

1. For previous cigarette smokers, if you currently do not 

smoke, have you quit in the last 6 months? 
Yes  □            No □    Not applicable □ 

State: ______________________________ 

 

 

2. Do you currently drink alcohol? 

 

 

 

 Yes  □            No □ 

If yes, please state the common type(s)  
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Type(s) of Alcohol:_____________________ 

 

_____________________ 

 

 

3. If you drink alcohol, what is your average consumption? Number of Drinks/tots/shots:    

(e.g., 1 can of beer/tot/glasses)        

 

______ per day or 

______ per week or 

______ per month 

 

 

4. What is your daily intake of fruits and vegetable? □ Less than two (2) servings a day 

□ Two to four (2 – 4) servings a week 

□ More than five (5) servings a day 

 

 

5. What is your weekly serving of fish? □ No servings of fish a week 

□ One (1) palm size serving of fish a week 

□ Two (2) palm size servings of fish a week 

□ More than two (>2) palm size servings a week 

 

 

6. What is your daily intake of fibre rich whole grains? 

i.e., brown bread, oats, rye bread, brown rice, etc. 
□ No servings of fibre rich whole grains 

□ One (1) serving a day 

□ Two (2) servings a day 

□ More than three (>3) servings a day 

 

 

7. What is your daily intake of salt? □ More than one teaspoon of salt a day 

□ half a teaspoon of salt a day 

□ Less than half a teaspoon a day 

 

 

8. What is your weekly intake of sugar-sweetened 

beverages, i.e., soda, cool-drink, coffee or tea with sugar 

etc. 

□ Less than half a litre a week 

□ Half a litre to 1 litre per week 

□ More than 1 Litre a week.  

 

 

9. Do you presently exercise in your leisure time? 

Example, go to the gym, play sport, go running, walking, 

etc. 

 

 

 

 

 

 

 

 

 

 

 

 Yes  □            No □ 

If yes, state what you do: _______________ 

If more than one, state all of them. 

____________________________________ 

 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity               □ 
                 (You don’t sweat) 

                 Moderate intensity       □ 
                 (You sweat lightly) 

                 Vigorous intensity:       □ 
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                 (You sweat heavily) 

 

If more than one, state the others below: 

 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity                □ 

                 Moderate intensity       □ 

                 Vigorous intensity:       □ 
 

 

10. Do you presently participate in yard or gardening 

activities 

   Yes  □            No □ 

 

If yes, state what you do: _______________ 

If more than one, state all of them. 

____________________________________ 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity             □ 

                 (You don’t sweat) 

                 Moderate intensity     □ 

                 (You sweat lightly) 

                 Vigorous intensity:     □ 

                 (You sweat heavily) 

 

If more than one, state the others below: 

___________________________________ 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity               □ 

                 Moderate intensity       □ 

                 Vigorous intensity:       □ 
 

 

11. Does your occupation require high amounts of 

physical activity? E.g. standing for long periods, 

walking continuously, heavy lifting etc. 

 Yes  □            No □ 

 

If yes, state what you do: _______________ 

If more than one, state all of them. 

____________________________________ 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity               □ 

                 (You don’t sweat) 

                 Moderate intensity       □ 

                 (You sweat lightly) 

                 Vigorous intensity:       □ 

                 (You sweat heavily) 

 

If more than one, state the others below: 

___________________________________ 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity                □ 
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                 Moderate intensity       □ 

                 Vigorous intensity:       □ 

 

12. How many minutes (If any) transportation related 

physical activity do you do? 

 Yes  □            No □ 

 

If yes, state what you do: _______________ 

If more than one, state all of them. 

____________________________________ 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity              □ 

                 (You don’t sweat) 

                 Moderate intensity      □ 

                 (You sweat lightly) 

                 Vigorous intensity:     □ 

                 (You sweat heavily) 

 

If more than one, state the others below: 

___________________________________ 

How often: _______ days per week 

How long:  _______ minutes per day 

How hard: low intensity            □ 

                 Moderate intensity   □ 

                 Vigorous intensity:       □ 

 

13. Total minutes of physical activity per week 

 

FOR TESTER TO COMPLETE 

  

 

Low intensity:_____________ 

 

Moderate intensity:____________ 

 

vigorous Intensity:______________ 

 

Average minutes of exercise per week: 

 

_______________ 
 

 

 

TEST DATA 

 

Date of Measurement: 

 

 

_______________________________ 

  

 

 

Time of Measurement: _____h_____ 

 

Measure 

 

Measure 

 

Measure 

 

Final 

 

 Measurements 1 2 3 Measure 

 

 

Body mass (kg) 

         

 

 

Stretch stature (cm) 

         

 

 

Waist girth (min.) (cm) 

         

 

 

Hip girth (max.) (cm)         
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Body fat percentage 

    

 
Lean body mass 

    

 

 

Systolic blood pressure (mm Hg) 

         

 

 

Diastolic blood pressure (mm Hg) 

         

 

 

Non-fasting blood glucose (mmol.L-1) 

     

 

 

Total cholesterol (mmol.L-1) 

     

 
Low density lipoprotein cholesterol (mmol.L-1) 

    

 

High density lipoprotein cholesterol (mmol.L-1) 

    

 

Triglycerides (mmol.L-1) 

    

Heart Rate 

Variability 

Standard deviation of NN intervals (SDNN) 

    

 

Root mean square of successive RR interval differences 

(RMSSD) 
    

 

Low frequency power (LF) 

    

 

High frequency power (HF) 

    

 

Ratio of LF-to-HF power (LF/HF) 
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Physical Fitness 

and PAT 

 

Date of Measurement: 

 

_______________________________ 

     

 

 

Time of Measurement: _____h_____ 

 

Measure 1  

 

Measure 2 

 

Final 

Measure 

Physical Fitness Measurements 
   

Cardiorespiratory 

fitness 
Bleep test 

     

Muscle Strength 

Handgrip strength 
L = L = L = 

R = R =  R = 

 

Leg strength 

   

Muscular 

endurance 

Push-up 

 

 

 

 
Sit-up 

  

 

  

Flexibility  

Sit-and-reach 

  

 

  

 

Shoulder flexibility (Aply’s scratch) 
L = L = L = 

R = R =  R = 

Physical Ability 

Test 

  
Time (s) 

 
1) Step up (s) 

 

 

 

 

2) Charged hose drag and pull (s) 

 

 

 

 

3) Ladder raise and extension (s) 

 

 

 

 

4) Equipment carry (s) 

 

 

 

 

5) Forcible entry (s) 

 

 

 

 

6) Rescue drag (s) 

 

 

 

 Total time (s)  
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Appendix V: Letter of Permission from the City of Cape Town to Conduct the Study 
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Appendix VI: Eligibility Screening Form for the Systematic Review 

 

General information 

Title  

Author  

Study type  

Exposure assessed  

Outcome relevance  

Notes: 

 

 

Study eligibility 

Study characteristics Eligibility criteria met 

 Yes No Unclear 

Type of Study    

Type of participants    

Type of exposure    

Type of comparison    
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Types of outcome measures    

INCLUDE EXCLUDE 

Reason for exclusion: 
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Appendix VII: Systematic Review Data extraction Form 

UNIVERSITY OF THE WESTERN CAPE 
 

Private Bag X 17, Bellville 7535, South Africa 

Tel: +27 21-959 2653, Fax: 27 21-959 3686, 
E-mail: lleach@uwc.ac.za 

  

 DATA EXTRACTION SHEETS  

General Description  
 

  Geographical   

Author Target Population Location Aim Problem Statement 
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UNIVERSITY OF THE WESTERN CAPE 
 

Private Bag X 17, Bellville 7535, South Africa 

Tel: +27 21-959 2653, Fax: 27 21-959 3686, 
E-mail: lleach@uwc.ac.za 

Srudy Methodology of Included Studies 
 

 

 

Author Study Design Theoretical Sampling Method and Size Data Collection Methods and 

  Underpinnings  Instruments 
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UNIVERSITY OF THE WESTERN CAPE 
 

Private Bag X 17, Bellville 7535, South Africa 

Tel: +27 21-959 2653, Fax: 27 21-959 3686, 
E-mail: lleach@uwc.ac.za 

 
 

Findings and Analysis 
 

Author Methods of Data Analysis Study Findings Author’s Conclusions 
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Appendix VIII: Supplementary Materials for Systematic Review  

 

Publication: Association between Cardiovascular Disease Risk Factors and 

Cardiorespiratory Fitness in Firefighters 

 

Search syntax in different databases  

 

PubMed: 

#1  “firefighter” OR “fire and rescue personnel” OR “fire fighters” OR “fire fighter” OR 

“firefight”  

#2   "cardiovascular system"[MeSH] OR ("cardiovascular" [All Fields] AND "system" 

[All Fields]) OR "cardiovascular system" [All Fields] OR "cardiovascular*" [All 

Fields] OR "cardiovascular abnormalities" [MeSH] OR “HRV” [All Fields] OR “heart 

rate variability” [All Fields] OR “Heart Rate Interval” [All Fields] OR “RR 

variability” [All Fields] OR “cycle length variability” [All Fields] OR “heart period 

variability” [All Fields] OR “autonomic function” [All Fields] OR “vagal control” 

[All Fields] OR “lipid profile” [All Fields] OR “cholesterol” [MeSH] OR 

“dyslipidaemia” OR “hypercholesteremia” OR “diabetes” AND “mellitus” OR “blood 

glucose” OR “age” OR “obesity” OR “hypertension” OR “blood pressure” OR 

“metabolic syndrome” OR “hyperglycaemia” 

#3      "physical fitness"[MeSH] OR “exercise” [All Fields] OR “physical exertion” [All     

Fields] OR “muscular strength” OR “muscular endurance” OR “aerobic fitness” OR 

“cardiorespiratory fitness” OR “cardiorespiratory capacity” OR “V̇O2max” OR 

“aerobic fitness” OR “power” 

#4          (#1 AND #2) OR (#1 AND #3) OR (#1 AND #2 AND #3) 

 

Scopus 

#1  ( TITLE-ABS-KEY “firefighter*” ) + OR AND TITLE-ABS-KEY ( "fire and rescue" 

OR firefighters OR fire fighter OR firefight OR  firemen)   

#2  AND "cardiovascular"  OR “cardiovascular abnormalities” OR “HRV*” OR “heart rate 

variability*”  OR  "heart rate interval"  OR  “aging”  OR  “RR variability” OR “cycle 

length variability” OR “heart period variability” OR “autonomic function” OR “vagal 

control” OR “lipid profile” OR “cholesterol” OR “diabetes” AND “mellitus” OR 

“blood glucose” OR “age” OR “obesity” OR “central obesity” OR “waist 
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circumference” OR  “hypertension” OR “high blood pressure” OR “blood pressure” 

OR “metabolic syndrome” OR “hyperglycaemia” OR “cardiometabolic” OR 

“metabolic syndrome”  OR “MetSyn” AND ( EXCLUDE ( DOCTYPE , "no" ) OR 

EXCLUDE ( DOCTYPE , "cp" ) OR EXCLUDE (  DOCTYPE , "ch" ) OR EXCLUDE 

( DOCTYPE , "bk" ) ) 

#3  AND “physical fitness” OR “exercise” OR “physical exertion” OR “muscular strength” 

OR “muscular endurance” OR “aerobic fitness*” OR “cardiorespiratory fitness*” OR 

“cardiorespiratory capacity*” OR “cardiorespiratory capacity” OR “V̇O2max” OR 

“aerobic fitness” OR “power” OR “anaerobic power” OR “aerobic capacity” OR 

“anaerobic capacity” AND (EXCLUDE ( DOCTYPE , "no" ) OR EXCLUDE ( 

DOCTYPE , "cp" ) OR EXCLUDE (  DOCTYPE , "ch" ) OR EXCLUDE ( DOCTYPE 

, "bk" ) ) 

#4      (#1 AND #2) OR (#1 AND #3) OR (#1 AND #2 AND  #3) 

 

Web of sciences 

#1  TOPIC:(Firefighter*)/ ("fire and rescue" OR firefighters OR fire fighter OR firefight 

OR firemen)  

#2  AND TOPIC:("cardiovascular"  OR “cardiovascular abnormalities” OR “HRV*” OR 

“heart rate variability*”  OR  "heart rate interval"  OR  “aging”  OR  “RR variability” 

OR “cycle length variability” OR “heart period variability” OR “autonomic function” 

OR “vagal control” OR OR “lipid profile” [All Fields] OR “cholesterol” [MeSH] OR 

“dyslipidaemia” OR “dyslipidaemia” OR “hypercholesteremia” OR “diabetes” AND 

“mellitus” OR “blood glucose” OR “age” OR “aging” OR “age-group” OR “obesity” 

OR “central obesity” OR “waist circumference” OR  “hypertension” OR “high blood 

pressure” OR “blood pressure” OR “metabolic syndrome” OR “hyperglycaemia” OR 

“cardiometabolic” OR “metabolic syndrome”  OR “MetSyn”)Refined by: [excluding] 

DOCUMENT TYPES: (PROCEEDINGS PAPER OR BOOK CHAPTER OR NOTE 

OR MEETING ABSTRACT) 

#3   AND TOPIC:("physical fitness" OR “exercise” OR “physical exertion” OR “muscular 

strength” OR “muscular endurance” OR “aerobic fitness” OR “cardiorespiratory 

fitness” OR “cardiorespiratory capacity” OR V̇O2max” OR “aerobic fitness” OR 

“power” OR “anaerobic power” OR “aerobic capacity” OR “anaerobic capacity”) 

Refined by: [excluding] DOCUMENT TYPES: (PROCEEDINGS PAPER OR BOOK 

CHAPTER OR NOTE OR MEETING ABSTRACT) 

#4  (#1 AND #2) OR (#1 AND #3) OR (#1 AND #2 AND  #3) 

 

ScienceDirect 

#1  (firefighter*:ab,ti OR firefighters*:ab,ti OR fire and rescue personnel*:ab,ti OR 

firefight*:ab,ti OR fire firefighter*:ab,ti OR firemen*:ab,ti) 
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#2  AND (cardiovascular*:ab,ti  OR ‘cardiovascular abnormalities’:ab,ti” OR ‘HRV’:ab,ti 

OR ‘heart rate variability’:ab,ti  OR  ‘heart rate interval’:ab,ti  OR  ‘aging’:ab,ti OR  

‘RR variability’:ab,ti OR ‘cycle length variability’:ab,ti OR ‘heart period 

variability’:ab,ti OR ‘autonomic function’:ab,ti OR ‘vagal control’:ab,ti OR ‘lipid 

profile’:ab,ti OR ‘cholesterol’:ab,ti OR ‘diabetes’:ab,ti AND ‘mellitus’:ab,ti OR ‘blood 

glucose’:ab,ti OR ‘age’:ab,ti OR ‘obesity’:ab,ti OR ‘age’:ab,ti OR ‘aging’:ab,ti OR ‘age-

group’:ab,ti OR ‘obesity’:ab,ti OR ‘central obesity’:ab,ti OR ‘waist circumference’:ab,ti OR  

‘hypertension’:ab,ti OR ‘high blood pressure’:ab,ti OR ‘blood pressure’:ab,ti OR ‘metabolic 

syndrome’:ab,ti OR ‘hyperglycaemia’:ab,ti OR ‘cardiometabolic’:ab,ti OR ‘metabolic 

syndrome’:ab,ti  OR ‘MetSyn’:ab,ti) 

#3  (physical fitness*:ab,ti OR ‘exercise’:ab,ti OR ‘physical exertion’:ab,ti OR ‘muscular 

strength’:ab,ti OR ‘muscular endurance’:ab,ti OR ‘aerobic fitness’:ab,ti OR 

‘cardiorespiratory fitness’:ab,ti OR ‘cardiorespiratory capacity’:ab,ti: V̇O2max’:ab,ti: 

OR ‘aerobic fitness’:ab,ti: OR ‘power:ab,ti: OR ‘anaerobic power’:ab,ti: OR ‘aerobic 

capacity’:ab,ti: OR ‘anaerobic capacity’:ab,ti:) 

#4   (#1 AND #2) OR (#1 AND #3) OR (#1 AND #2 AND  #3) 

 

 

EBSCOHost 

#1  Subject Terms:(“Firefighter” OR "fire and rescue" OR “firefighters” OR “fire fighter” 

OR “firefight” OR “firemen”)  Field:(All text) 

#2  AND ("cardiovascular” OR “cardiovascular abnormalities” OR “HRV*” OR “heart 

rate variability*”  OR  "heart rate interval"  OR  “aging”  OR  “RR variability” OR 

“cycle length variability” OR “heart period variability” OR “autonomic function” OR 

“vagal control” OR “lipid profile” OR “cholesterol” OR “diabetes” AND “mellitus” 

OR “blood glucose” OR “age” OR “obesity” OR “central obesity” OR “waist 

circumference” OR  “hypertension” OR “high blood pressure” OR “blood pressure” 

OR “metabolic syndrome” OR “hyperglycaemia” OR “cardiometabolic” OR 

“metabolic syndrome”  OR “MetSyn”) Field:(All text) 

#3  AND (“physical fitness” OR “exercise” OR “physical exertion” OR “muscular 

strength” OR “muscular endurance” OR “aerobic fitness*” OR “cardiorespiratory 

fitness*” OR “cardiorespiratory capacity*” OR “cardiorespiratory capacity” OR 

“V̇O2max” OR “aerobic fitness” OR “power” OR “anaerobic power” OR “aerobic 

capacity” OR “anaerobic capacity”) Field:(All text) 

#4  (#1 AND #2) OR (#1 AND #3) OR (#1 AND #2 AND  #3) 
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Table 1. critical appraisal of cross-sectional studies (adapted from the appraisal tool for cross-sectional studies checklist).  
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7
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. 

[4
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] 
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. 
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V
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. 

[8
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] 

D
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. 
[3

5
] 

B
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 [
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] 

P
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, 
[4

3
] 

S
ey
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m
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d
i 
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l.
 [

4
0
] 

C
am
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o
n
 e

t 
al

. 
[8

3
] 

Introduction                                     

Were the aims and objectives clear? 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Methods                      

Was the study's design in line with the 

stated goals or objectives? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Was the sample size appropriate? ⨯ ⨯ ⨯ 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Was the target demographic 

adequately defined? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Was the sample frame taken from an 

appropriate population base to fairly 

reflect the target population or the 

reference population? 

⨯ 🗸 ⨯ ⨯ ⨯ ⨯ ⨯ 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Was it likely that participants chosen 

through the selection procedure would 

represent the target population? 

⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ 🗸 🗸 🗸 🗸 🗸 🗸 ⨯ ⨯ 🗸 🗸 🗸 🗸 🗸 🗸 

Were precautions taken to address and 

classify non-responders? 
⨯ 🗸 🗸 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ 🗸 ⨯ ⨯ ⨯ 🗸 🗸 ⨯ 🗸 🗸 🗸 🗸 🗸 

Were the risk factor and outcome 

variables assessed applicable to the 

study's objectives? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 ⨯ 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Instrumental measurements of the risk 

factor and outcome variables were 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 
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accurate and reliably used in previous 

research? 

Is it apparent how statistical 

significance was determined? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Were the procedures sufficiently 

explained to allow for their 

replication? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Results                      

Were the fundamental data sufficiently 

explained? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Is non-response bias an issue given the 

response rate? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Has data pertaining to non-responders 

been described? 
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Was there internal consistency in the 

results? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Were the findings for all the analyses 

mentioned in the procedures/methods 

presented? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Discussion                      

Were the results sufficient to support 

the authors' discussions and 

conclusions? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Were the study's limitations discussed? 🗸 ⨯ 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Other                      

Were there any conflicts of interest 

that could have influenced how the 

writers interpreted the data? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

Did participants give their ethical 

permission or consent? 
🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 🗸 

FINAL SCORE 15 16 16 16 16 16 17 17 18 18 18 18 18 18 18 18 19 19 19 19 19 
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Table 2. Critical Appraisal Skills Programme of cohort and case-controlled studies (adapted from the Critical Appraisal Skills Programme).  

CASP – Cohort Study 

L
i 

et
 a

l.
 [

8
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] 

P
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al

. 
[8

5
] 

C
am
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t 
al

. 
[8

3
] 

 CASP – Case Controlled Study 

V
an

d
er

sm
is

se
n

 e
t 

al
. 

[8
6

] 

1. Was the study's topic well defined? 1 1 1  1. Was the study's topic clearly defined? 1 

2. Was the cohort appropriately recruited? 1 1 1  2. Did the authors approach answering their research question in a suitable way? 1 

3. Was the bias minimized by appropriately measuring the exposure? 1 1 1  3. Were the subjects appropriately recruited? 1 

4. Was the results correctly measured to reduce bias? 1 1 1  4. Were the controls chosen in a proper manner? 1 

5. (A) Have all significant confounding variables been recognized by the 

authors? 
1 1 1  5. Was the bias minimized by appropriately measuring the exposure? 1 

5. (B) Have the confounding variables been considered in the design and/or 

analysis? 
1 1 1  6. (A) Were the groups treated identically aside from the experimental intervention? 1 

6. (A) Was the participant follow-up thorough enough? 1 1 1  
6. (B) Did the authors account for any potential confounding variables in their analysis 

or design? 
1 

6. (b) Was the length of the subjects' follow-up sufficient? 1 1 1  7. How significant was the treatment's impact? NA 

7. What were the findings of this research? 1 1 1  8. How accurate was the treatment effect estimate? 1 

8. How accurate are the findings? 1 1 1  9. Do you accept the findings? 1 

9. Do you accept the findings? 1 1 1  10. Can the local population have the results applied to them? 1 

10. Can the local population have the results applied to them? 1 1 1  11. Do the findings of this study accord with other pieces of information? 1 

11. Do the findings of this study accord with other pieces of information? 1 1 1    

12. What practical implications does this study have? 1 1 1    

FINAL SCORE 14 14 14  FINAL SCORE 11 

Note: NA – indicates not applicable; 🗸 – indicates yes. 
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Figure 2C: Funnel plot for publication bias.       Figure 2D: Funnel plot for publication bias. 
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Figure 5D: Funnel plot for publication bias. Figure 5E: Funnel plot for publication bias. 
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Figure 4C: Funnel Plot for publication bias.        Figure 4D: Funnel plot for publication bias. 
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 Figure 5F: Funnel plot for publication bias.     Figure 6B: Funnel plot for publication bias. 
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Appendix IX: Supplementary Table Original Research Article Six 

 
Supplementary Table 1: Backward multiple linear regression models to explore the 

association between physical fitness and cardiovascular health in physical ability test 

performance.  

  Variable R2 B SE β VIF 

M
o

d
el

: 
P

h
y

si
ca

l 
fi

tn
es

s 

 0.490 §  125.96   

abV̇O2max 
 -102.85 34.08 -0.155 1.36 

Grip strength 
 -1.70 0.54 -.169 1.60 

Leg strength 
 -0.67 0.36 -.108 1.71 

Push-ups 
 -2.64 0.81 -0.207 2.07 

Sit-ups 
 -3.53 1.03 -0.207 1.89 

Lean body mass 
 -5.19 1.05 -0.286 1.73 

Intercept 
 1566.97 110.77   

M
o

d
el

: 
C

ar
d

io
v

as
cu

la
r 

h
ea

lt
h

 

 0.301 §  149.17   

Age 
 3.99 1.01 0.229 1.22 

Body mass index 
 -12.90 2.26 -0.321 2.56 

Body fat percentage 
 8.34 1.48 0.473 2.29 

Systolic blood pressure 
 3.10 0.83 -0.267 1.87 

Diastolic blood pressure 
 3.69 1.11 0.240 1.92 

Weekly MET minutes 
 -0.01 0.00 -0.238 1.04 

Intercept  
 590.02 93.29   

M
o

d
el

: 
P

h
y

si
ca

l 
fi

tn
es

s 

an
d

 c
ar

d
io

v
as

cu
la

r 
h

ea
lt

h
  

 

 0.505 §  123.34   

Weekly MET minutes 
 -0.01 0.00 -0.136 1.11 

Bodyfat percentage 
 4.80 0.95 0.256 1.35 

abV̇O2max  
 -199.87 33.95 -0.304 1.41 

Grip strength 
 -2.40 0.54 -0.239 1.55 

Leg strength 
 -0.85 0.34 -0.140 1.68 

Sit-ups 
 -3.24 0.83 -0.190 1.25 

Intercept    1426.22 100.70     

Note: § − indicates statistical significance <0.001; B − unstandardized beta coefficient; SE – standard 

error; β − standardized beta coefficient; R2 − R squared; VIF − variation inflation factor. 
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Chapter 8 

Use of Mobile Technology 
in Assessing Occupational 
Performance and Stress 

in Firefighters 
Jaron Ras 

University of the Western Cape, South Africa 

Lloyd Leach 

University of the Western Cape, South Africa 

ABSTRACT 

Firefighters are required to maintain all aspects of their health and wellness in order to sustain their fit- 

ness for duty. Heart rate variability (HRV) has been used as a reliable tool when assessing the stressors 

placed on firefighters, be it physical, emotional, or psychological. This review determined the usefulness 

of using HRV as a tool to determine the physical, physiological, and psychological health of firefighters 

at a more regular and frequent scale. HRV is a versatile technology with a plethora of uses, particularly 

in monitoring the cardiovascular strain as a result of firefighting and recovery post-fire suppression. In 

addition, the literature showed that HRV could be used to successfully monitor physical fitness, physi- 

ological stress, psychological stress, decision making, risk taking behavior and recovery in firefighters. 

The use of mobile technology measuring HRV may be used to successfully assess firefighter occupational 

performance. In future research, longitudinal studies investigating HRV use in firefighters are warranted. 

INTRODUCTION AND BACKGROUND 

All over the world, firefighting is a hazardous occupation that involves firefighters risking their lives 

in life-threatening situations, where they are exposed to severe temperatures, hazardous chemicals and 

fumes (Shin, Lee, Yang, Lee, & Chung, 2016; Smith, Barr, & Kales, 2013). This chapter reports on how 

mobile technology is used to assess and track firefighters’ fitness for duty. New media can be crucial to 

DOI: 10.4018/978-1-6684-3996-8.ch008 
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aid self-monitoring and could help with setting fitness exercise behavioral goals. Tracking and monitor- ing 

fitness exercise activity done through the use of portable and wearable devices like smart watches, 

fitness straps, as well as portable ECGs can all aid to monitor heart rate variability, but also help with 

exercise goal setting and fitness goal attainment (Bugajska, Zużewicz, Szmauz-Dybko, & Konarska, 

2007; Chandel, Sharma, Kaur, Singh, & Kumar, 2021; Henriksen et al., 2018). This chapter reports on the 

applicability of these devices in determining firefighters at risk of poor physical fitness, cardiovascular 

disease, and psychological stress as they prepare for work in severe circumstances. 

The dangerous conditions in which firefighters find themselves during emergency situations ne- 

cessitate that firefighters’ wear protective clothing and rescue equipment that is heavy and insulated, 

putting tremendous strain on the cardiovascular system (Smith, DeBlois, Kales, & Horn, 2016). Apart 

from extinguishing fires, firefighters also have additional strenuous work duties such as rescuing people in 

dangerous situations, performing emergency medical services, while working irregular hours and 

performing administrative tasks (Feairheller, 2015; Shin et al., 2016). These types of strenuous work- 

ing conditions cause high levels of physical and mental stress, predisposing these individuals to higher 

risk of cardiovascular disease or sudden cardiac events (S. S. Al-Zaiti & Carey, 2015; Feairheller, 2015; 

Shin et al., 2016). Firefighters are required to maintain all aspects of their health and wellness in order 

to sustain their fitness for duty. Hence, underscoring the value of incorporating wearable and mobile 

devices to aid tracking and goal setting in this regard. 

Firefighters who are not fit for duty are predisposed to significant morbidity and mortality, both on 

and off duty (Farioli et al., 2014; Smith et al., 2013, 2019; Smith, DeBlois, et al., 2016). In addition, 

firefighters are required to make life and death decisions while on duty, and their judgement may be 

negatively affected by undue physical and psychological stress (Clifford, Jung, Hoerrnann, Billinqhurst, 

& Lindeman, 2019; Jeklin et al., 2021; Prell et al., 2020). Cardiovascular measures, such as resting 

heart rate (RHR) and heart rate variability (HRV) are reported as significant predictors of cardiovas- 

cular diseases, specifically high blood pressure, hyperglycemia, diagnosis of diabetes within 12 years, 

and early mortality in firefighters (Wulsin, Horn, Perry, Massaro, & D’Agostino, 2015). An alarmingly 

high number of firefighters were found to have abnormal HRV readings, which identifies those at risk 

of cardiovascular disease (CVD) or sudden cardiac death (SCD) (S. Al-Zaiti, Rittenberger, Reis, & 

Hostler, 2015; Jeklin et al., 2021; Prell et al., 2020; Yook, 2019). The usefulness in monitoring of HRV 

and other psychophysiological measures with mobile technology highlight the need to better leverage 

new media portable technological devices that can aid in the monitoring of physiological data that can 

deliver associative data in this regard. 
This review will, therefore, determine the usefulness of using HRV as a tool to determine the physical, 

physiological, and psychological health of firefighters at a more regular and frequent scale. By using 

HRV as a screening tool to assist in the early identification of at-risk firefighters, risk can be mitigated 

on an individual level. Subsequently, the institutional support of mobile and wearable technologies can 

assist in advocating for the early screening of firefighters and the implementation of appropriate health 

interventions as well as fitness goals. 

Heart Rate Variability Definition, Application, and Measures 

Heart rate variability is the variation in the time interval between consecutive heartbeats in milliseconds 

(Billman, Huikuri, Sacha, & Trimmel, 2015; Shin et al., 2016). It has been shown that heart rate vari- 

ability is directly related to autonomic functioning (Shaffer & Ginsberg, 2017). Increased sympathetic 
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activity causes a direct decrease in HRV, and increased parasympathetic activity, results in an increase 

in HRV(Shaffer & Ginsberg, 2017). The increased sympathetic activity increases the heart rate (HR) 

and decreases the variation in the beat-to-beat interval, whereas the opposite occurs when the parasym- 

pathetic nervous system is stimulated and cause more variation as the heart rate drops and the beat-to- 

beat intervals (Shaffer & Ginsberg, 2017). The beat-to-beat intervals, though subtle, provide important 

insights into autonomic and cardiovascular functioning. These types of measures are referred to as 

time domain measures and defined as the numbers obtained from statistical analysis of the intervals 

between heart beats and are observed during monitoring periods that may range from ±2 minutes to 

24 hours (Malik et al., 1996; Shaffer, Ginsberg, & Shaffer, 2017). The most common measures include 

the standard deviation of normal-to-normal sinus intervals (SDNN) which is influenced by both the 

sympathetic and parasympathetic nervous system activity and considered the “gold standard” in HRV 

analysis (Malik et al., 1996; Shaffer et al., 2017). The root mean square of successive differences between 

normal heartbeats (RMSSD) and reflects the beat-to-beat variance in HR and is the primary time-domain 

measure used to estimate the vagally mediated changes in HRV; and lastly, the average interval between 

normal beats (AVNN) (Malik et al., 1996; Shaffer & Ginsberg, 2017). Frequency domain analysis is an 

analysis technique that indicates how much of a signal lies within one or more frequency bands (ranges) 

(Almeida-Santos et al., 2016; Malik et al., 1996; Shaffer & Ginsberg, 2017). In the case of HRV, re- 

search has found that certain frequency bands correlate directly with specific physiological phenomena 

(Acharya, Joseph, Kannathal, Lim, & Suri, 2006; Oka, Sawaguchi, Kuriyama, & Ito, 2021; Sessa et al., 

2018; Shaffer et al., 2017). Frequency domains are divided into High Frequency power (HF), which 

is represented by a frequency activity range of 0.15 - 0.40 Hz range and Low Frequency power (LF), 

represented by a frequency activity in the 0.04 - 0.15 Hz range (Acharya et al., 2006; Malik et al., 1996; 

Shaffer & Ginsberg, 2017). The LF band has been associated with baroreceptor activity, and HF bands 

are related to HR variations related to the respiratory cycle (Shaffer & Ginsberg, 2017). Another measure is 

the LF/HF Ratio, which represents the ratio of Low Frequency to High Frequency and is considered 

indicative of sympathetic to parasympathetic autonomic balance, where a low frequency dominated 

ratio indicates parasympathetic dominance, and a high frequency dominated ratio indicates sympathetic 

dominance (Acharya et al., 2006; Almeida-Santos et al., 2016; Malik et al., 1996; Shaffer & Ginsberg, 

2017). High frequency dominance would indicate a high stress state, which is often seen in emergency 

personnel, such as firefighters (Jeklin et al., 2021; Prell et al., 2020; Shin et al., 2016; Tomes, Schram, 

& Orr, 2020). Although there are many interpretations of time domain and frequency domain in HRV, 

we have elected to only explain the most frequently used domains in research regarding firefighters. All 

other HRV measures are variations on the standard time and frequency domains. 

MAIN FOCUS OF THE CHAPTER 

Heart Rate Variability in Firefighters 

The advances in technology measuring HRV has become increasingly simpler and cost effective (Liao, 

Al-Zaiti, & Carey, 2014; Shin et al., 2016). Previously, HRV would need to be measured using an ECG, 

however, with today’s technological advances and shrinking of mobile devices to a wearable size, HRV 

has become somewhat of a ubiquitous mobile technology, being used in many smart watches, chest 

straps, and portable ECG monitors (Morresi, Casaccia, Sorcinelli, Arnesano, & Revel, 2020; Plews et 

152 

 

http://etd.uwc.ac.za/



 
 
 

P a g e  | 343 

Use of Mobile Technology in Assessing Occupational Performance and Stress in Firefighters 

al., 2017). This allows HRV and the autonomic functioning of the heart to be monitored on the move in 

everyday life cost effectively and conveniently. 

Heart Rate Variability is determined by the parasympathetic and sympathetic autonomic balance. 

Physiologically, the parasympathetic nervous system is known as the “rest and digest” system and is 

indicative of the body being in a relaxed and calm state (Acharya et al., 2006; Malik et al., 1996; Shaf- 

fer et al., 2017). Alternatively, the sympathetic nervous system is known as the “fight or flight” system 

and is indicative of the human body being in a state of stress (Billman et al., 2015; Tomes et al., 2020; 

Vyas & Mcgregor, 2018). Increased stress, poor physical fitness and poor cardiovascular health cause an 

increase in sympathetic stimulation, decreasing the time interval between beats, which corresponds to a 

decrease in HRV (Acharya et al., 2006; Almeida-Santos et al., 2016; Schuster, Fischer, Thayer, Mauss, 

& Jarczok, 2016; Shaffer et al., 2017; Shin et al., 2016). Improved physical fitness, good cardiovascular 

health, and low stress levels increase the parasympathetic dominance, which corresponds to an increase in 

the beat-to-beat time interval, and subsequently, an increase in HRV (Acharya et al., 2006; Malik et al., 

1996; Tomes et al., 2020; Yook, 2019). Monitoring HRV can be used to determine those individu- als 

at risk for cardiovascular conditions, those with poor physical fitness, or those that have increased 

stress levels. 
In firefighters, HRV has been used as a reliable tool when assessing the overall stressors placed on 

firefighters, be they physical, physiological, emotional, or psychological (Jeklin et al., 2021; Qiu et 

al., 2017; Schuster et al., 2016; Shin et al., 2016). Current research indicated that a relationship exists 

between HRV, cardiovascular health, mental health, and the physical fitness of firefighters, which may 

prove valuable in assessing underlying conditions present in firefighters (S. S. Al-Zaiti & Carey, 2015; 

Feairheller, 2015; Shin et al., 2016). A relationship that can further be strengthened in research and 

practice by utilizing mobile technology to collect data from mobile phones and wearable devices on 

a large scale, and more importantly, on an individual firefighter level. In addition, an alarmingly high 

number of firefighters were reported to have abnormal HRV readings (S. S. Al-Zaiti & Carey, 2015; 

Carlén, Nylander, Åström Aneq, & Gustafsson, 2019; Pillutla, Li, Ahmadi, & Budoff, 2012; Soteriades, 

Targino, et al., 2011). Having annual or routine physical check-ups using health screenings, in conjunc- 

tion with HRV, can identify those who might be at risk of CVD or SCD and those who can benefit from 

preventive cardiovascular services. Moreover, the use of HRV may allow for the convenient monitoring 

of those firefighters at risk for cardiovascular disease, psychological burnout, and injury (Jeklin et al., 

2021; Liao et al., 2014; Prell et al., 2020; Shin et al., 2016; Tomes et al., 2020; Yook, 2019). 

Developments in the Use of Heart Rate Variability in Firefighters 

The use of HRV and other technology in the monitoring of firefighters have progressed rather slowly, 

when considering that the first reported study of measuring heart rates to alarm tones in firefighters 

was conducted in 1981 by Kuorinka & Korhonen, 1981. In their study, due to the incipiency of heart 

rate sensing technology, an ECG was required to monitor simple heart rate measures. The relatively 

low number of studies using technology in firefighters, and other emergency occupations, may, in part, 

be due to the relative scarcity of researchers interested in this specific research field. Without constant 

research driving these new ideologies, the potential for use in firefighters and other emergency person- nel 

are merely theoretical and without any practical applications using hard scientific evidence goes, 

mostly, unaccepted. Although progressing gradually, the advancement of technology has allowed for 

more convenient monitoring of heart rates in firefighters in the early 2000’s, which has ignited research 
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interest in the application of technology in firefighters, particularly as a means to detect autonomic 

abnormalities and occupational stress in firefighters (Chuang, Chung, Shu, & Chen, 2007; Malik et 

al., 1996; Togo & Takahashi, 2009). Over time, research involving the multifaceted use of HRV in the 

general population investigating the relationship between HRV and physiological and psychological 

variables slowly trickled over to firefighter research. The use of HRV has now become a focal point in 

the endeavours to reduce the high cardiovascular related mortality, injury related early retirement and 

mental illness, often seen in this population (Jeklin et al., 2021; Meina et al., 2020; Prell et al., 2020; 

Shin et al., 2016; Yook, 2019). Researchers started applying the use of portable heart rate monitoring 

systems in the early-to-mid-2010s as a means to monitor heart rate responses, recovery, workload, and 

stress in firefighters (D M Baur, Leiba, Christophi, & Kales, 2012; Dorothee M. Baur, Christophi, Cook, 

& Kales, 2012; Dorothee M Baur, Christophi, Tsismenakis, Cook, & Kales, 2011; Yu et al., 2015). The 

incipiency of the HR technology, at the time, meant that standard heart rate was the preferred measure 

to assess firefighters physiological and psychological responses to emergencies. However, due to the 

current advancements, HRV monitoring has become readily available to the general population, and 

with modern HRV analysis advancements, the analysis of time-domains and frequency domains have 

become rather manageable. 
Firefighters are often burdened by immense mental and physiological stress and the imposition of these 

new technologies may introduce an additional burden that many firefighters will not accept, especially if 

fire departments attempt to enforce this on a large scale (Bucala & Sweet, 2019; Carey, Al-Zaiti, Dean, 

Sessanna, & Finnell, 2011; Dobson et al., 2013; Jahnke, Poston, Jitnarin, & Haddock, 2012). Studies 

have shown that the majority of firefighters think of themselves as “tough guys” (Bonnell et al., 2017; 

Bucala & Sweet, 2019; Dobson et al., 2013). Firefighters with this mindset may ridicule the idea of 

having sensors or monitoring systems in place to ensure they avoid injuring or overexerting themselves. 

Although this mindset appears to be very biased toward the older, more experienced firefighters, the 

younger generation, as with general society, may be more accepting of the use of technology, especially 

in the workplace (Bonnell et al., 2017; Bucala & Sweet, 2019; Dobson et al., 2013). The younger de- 

mographic population of firefighters should be targeted for the initial and long-term application of this 

technology use, which could drive the acceptance of technology forward in firefighters. 

Use of Mobile Technology in Firefighters 

In firefighter research, many different portable HRV monitoring systems have been used while firefighters 

are on duty to complete simulation protocols or to discern the physiological burden placed upon the car- 

diovascular system by firefighting (Biéchy et al., 2021; Marcel-Millet, Groslambert, Gimenez, Grosprêtre, & 

Ravier, 2021; Marciniak, Wahl, & Ebersole, 2021; Robertson et al., 2017; Schlicht et al., 2018). The 

most restricting HRV monitor appears to be the VitalJacket®. This portable HRV monitoring system fits over 

the torso as a conventional shirt and can be worn up to 72 hours continuously, and is noted to be 

unobstructive in performing everyday tasks (S Rodrigues, Dias, Paiva, & Cunha, 2018; Susana Rodrigues, 

Dias, Paiva, & Cunha, 2018; Susana Rodrigues, Paiva, Dias, & Cunha, 2018). Although the VitalJacket 

is a useful portable technology, the long-term use of these in firefighters may prove problematic, and 

inconvenient, due to the device needing cleaning after each use (Susana Rodrigues, Dias, et al., 2018; 

Susana Rodrigues, Paiva, Dias, & Cunha, 2018; Susana Rodrigues, Paiva, Dias, Pimentel, et al., 2018). 

In addition, the VitalJacket® may increase heat production and perspiration during intense firefighter 

related duties (Susana Rodrigues, Dias, et al., 2018; Susana Rodrigues, Paiva, Dias, & Cunha, 2018). 
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Figure 1. VitalJacket®. © 2022, Biodevices, Biomedical Engineering Systems, S.A., Used with permission 

The Bodyguard® Firstbeat is another HRV product that has been used in firefighting research (Figure 2). 

Figure 2. Bodyguard Firstbeat. © 2022, Firstbeat Technologies Oy, Used with permission 
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The Bodyguard® Firstbeat, although very accurate, uses electrodes to monitor HRV. This technology 

becomes problematic when attempting to monitor electrocardiographic signals over a prolonged period, 

especially when individuals are engaged in vigorous activities, such as firefighting. This technology may be 

beneficial for platoon officers, station commanders, or divisional heads that are not often engaged in 

vigorous activities. Many of these older firefighters have underlying health concerns and implementing 

a live monitoring system of these high-risk firefighters may prove quite important in preventing duty 

related deaths (Gendron, Lajoie, Laurencelle, & Trudeau, 2018; Ras & Leach, 2021; Savall et al., 2020). 

The Hexoskin® t-shirt (Figure 3), similar to the VitalJacket® provides its wearers with a fully wear- 

able “shirt” that is used to monitor HRV. The wearable shirt technology overcomes the burden of using 

electrodes which frequently become unattached. Unlike the VitalJacket®, the Hexoskin® does not use 

disposable electrodes to monitor HRV, rather using sensors that are manufactured into the shirt itself. 

This overcomes the issue of artefacts in the data, somewhat, due to the reliability of the electrodes re- 

maining in the correct position and not becoming unattached while wearing the Hexoskin® t-shirt. The 

Hexoskin® shirt is not intrusive, however, may cause increase perspiration and, overtime, uncomfort- 

ability. For long term use, this equipment does not seem to be the most feasible option, but very useful 
for research purposes. 

Figure 3. Hexoskin® t-shirt © 2022, Carre Technologies inc (Hexoskin)© Used with permission 
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The Holter Monitor (Figure 4) have been the most commonly used portable ECG tool to measure 

HRV in firefighters. As with the VitalJacket® and Bodyguard® Firstbeat, the Holter monitor uses ECG 

electrodes. Most studies using the Holter monitor used resting measures, and electrodes falling off were not 

an issue. However, when the Holter monitor is used to measure firefighting activities, the electrodes would 

often become unstuck, and corrupt the HRV readings. This becomes problematic when one would like to 

use the Holter as a long term HRV monitoring system. For resting measures, the Holter would 

represent the gold standard in portable technologies, however, once firefighters initiate movement, be- 

come considerably more unreliable. 

Figure 4. Holter monitor ©2022, ShutterStock, License purchased 

Polar has been producing mobile devices which are reliable and accurate in measuring HRV for an 

extended period of time already (Figure 5) (Caminal et al., 2018; Donovan, 2009; Plews et al., 2017; 

Wallén, Hasson, Theorell, Canlon, & Osika, 2012). The Polar V800 watch has been used extensively in 

research, as a non-invasive technology to monitor HRV (Caminal et al., 2018). On its own, the watch 

cannot measure HRV, and requires it to be linked to a chest strap, such as the Polar H7 monitor, to moni- 

tor HRV. Data corruption or loss of signal can occur if the monitors are placed incorrectly or become 

unattached. All Polar devices link up to a downloadable application to record and analyze HRV. The 

convenience and unobtrusiveness of using the watch smartwatch makes it a viable option. The Equivital™ 

EQ-02 Life Monitor sensor belts are an amalgamation of a conventional HR strap and a fully wearable 
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shirt (Figure 6). This may form the most comfortable method which may be used to monitor firefighters 

while on active dut (Hinde, White, & Armstrong, 2021) y. The Equivital™ EQ-02 

Figure 5. Polar V800 wristwatch © 2022, Copyright Polar Electro Oy, Used with permission 

Figure 6. Equivital™ EQ-02 Life Monitor sensor belts © 2022, Equivital™, Used with permission 
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Life Monitor has been used in sport and military research previously and has been designed to pro- 

duce accurate readings even in the most intense sporting or emergency situations (Cullen et al., 2015; 

Heesch & Slivka, 2015; Hinde et al., 2021; Levels, de Koning, Foster, & Daanen, 2012). However, 

firefighters often experience slips, trips and falls (Frost, Beach, Crosby, & McGill, 2015), which may 

pose a significant damage risk for these monitors, especially when firefighters are in emergency reduce 

situations, such as when evacuating civilians from burning buildings. 

Although the large ECG equipment have been used often in research, smaller portable devices have 

become particularly popular in research involving HRV analysis (Choi, Ko, & Kojaku, 2017; Shin et 

al., 2016; Wallén et al., 2012). The Polar® RS800CX monitor is one such technology which have been 

frequently used in combination with the Polar Polar H7 chest strap (Figure 7). 

Figure 7. Polar RS800CX © 2022, Copyright Polar Electro Oy, Used with permission 

In terms of convenience, the wristwatches seem to be the best option to use in firefighters. However, the 

issue comes in when the watches need to be combined with the H7 chest straps. Although most ECG devices 

do use multiple devices to monitor HRV continuously, having to use the wristwatch and chest strap 

together may become cumbersome to firefighters. This may be attributed to firefighters having to ensure 

both devices are connected and functioning properly when needed during their shifts. 

As previously mentioned, the Polar® H7 (Figure 8) HR monitor is the device which retrieves the 

HRV data when using the Polar smartwatches. 
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Figure 8. Polar H7 heart rate monitor © 2022, Copyright Polar Electro Oy, Used with permission 

Due to the progression of the chest strap HRV monitoring technology, research have slowly moved 

away from using the smartwatches in combination with the chest straps (Hernández-Vicente et al., 2021; 

Hernando, Roca, Sancho, Alesanco, & Bailón, 2018; Plews et al., 2017). The chest straps, rather, are 

connected to a smart phone application developed by Polar® which monitors HRV in real time. This 

allows HRV to be analyzed while firefighters are on duty, if the device is in range of the smartphones 

Bluetooth range. Although very useful, using this mobile device on duty may be problematic if a smart 

phone would need to be on the firefighters person. Another issue may be long term comfort using these 

monitors while on duty. 

Figure 9. BioHarness3 HRV monitor, Awaiting permission from company to use image 

The BioHarness3® (Figure 9) HRV monitor has all the positive atttibutes of the Polar® heart rate 

monitors and makes up for the negatives by providing its users the ability to store HRV data that can be 

accessed at a later time. In terms of firefighting, the BioHarness3® appear to be the best option to use 

in firefighters while on active duty. 
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The development of wearable ECG wristwatches has progressed quite significantly over the past 

few years (Chandel et al., 2021; Henriksen et al., 2018; Isakadze & Martin, 2020; Morresi et al., 2020; 

Zimerman, Sheridan, Cooke, & Jena, 2020). These smartwatches may provide the best option available 

to use in all emergency occupations (Chandel et al., 2021; Henriksen et al., 2018; Hinde et al., 2021; 

Tomes et al., 2020). If provided to each firefighter, these can provide easy long term cardiovascular and 

physical activity monitoring in firefighters. Regularly checking these smartwatches or retrieving data is 

convenient, as these watches connect to downloadable applications for easy analyzes (Henriksen et al., 

2018; Isakadze & Martin, 2020; Morresi et al., 2020; Spaccarotella et al., 2020). Due to the watches being 

located on the firefighter wrists, damage may occur relatively easily. More research should be 

conducted using these ECG smartwatches on firefighters while on duty to monitor their feasibility. 

Physical Fitness, Stress, and Heart Rate Variability in Firefighters 

Firefighting, an often laborious and dangerous occupation, places many firefighters in harm’s way due 

to the accompanying heat stress, dehydration, and physical exertion. The combination of these factors 

may cause acute sympathetic activation in firefighters (Larsen, Snow, & Aisbett, 2015; Pluntke, Gerke, 

Sridhar, Weiss, & Michel, 2019; Schlicht et al., 2018; Shin et al., 2016). However, as recommended 

by many researchers, policy makers, and fire departments, regular physical activity provides a cardio- 

protective effect, such as bradycardia, and improved cardiovascular fitness. Therefore, the reduction 

of cardiovascular strain results in autonomic adaptations leaning toward parasympathetic dominance 

(Marcel-Millet, Ravier, Esco, & Groslambert, 2020; Porto et al., 2019; Yook, 2019). Specifically, the 

augmented stimulation of the vagal nerve subsequently prolongs the beat-to-beat interval and ultimately 

decreases HRV (D M Baur et al., 2012; Lavie et al., 2015; Smith, DeBlois, et al., 2016). Consequently, 

fitter firefighters will have a lower HRV, thus, allows HRV to be used as a more convenient screening 

tool to estimate cardiovascular fitness and health in firefighters. 

Porto et al. (2019) conducted a study investigating the relationship between cardiorespiratory fitness 

and HRV in firefighters. In the study, firefighters HRV was measured using a Polar© heart rate monitor 

in a resting supine and orthostatic position. The study found that HRV was significantly related to higher 

cardiorespiratory fitness, in both the supine and orthostatic positions in firefighters. Most firefighting 

departments use a cardiorespiratory capacity higher than 12.5 METs as the baseline cardiorespiratory 

fitness standard for firefighters to be deemed fit for duty. As seen in Figure 9, PNN50 and rMSSD was 

significantly higher in fitter firefighters and low and high frequency ratio was singingly more dominated by 

low frequency compared to higher frequency. Firefighters’ cardiovascular fitness may be assessed using 

HRV as a preventative measure to determine the functioning of the cardiovascular system (Porto et al., 

2019). The study by Porto et al. serves as a promising base to implement resting HRV testing as a 

simple measuring tool for fitness in firefighters, as non-invasive, time-sensitive measures throughout the 

year when firefighters are not required to undergo fitness testing. 

A study by Marcel-Millet et al. (2020) investigated the relationship between firefighters’ fitness 

and parasympathetic reactivation, using a Hexoskin® t-shirt. The study reported that physical fitness 

did not influence cardiac parasympathetic reactivation. The study noted that the Log transformed root 

mean square of successive differences (LnRMSSD) showed high accuracy compared to the criterion the 

researchers used, indicating the usefulness of a wearable HRV t-shirt in firefighters. Although the study did 

not find a significant relationship between physical fitness and HRV, it demonstrates the usefulness in 

monitoring parasympathetic modulation while firefighters are on duty (Marcel-Millet et al., 2020). 
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Figure 10 explains the relationship between heart rate variability in relation to performance and time 

demand, measured using the multi-dimensional NASA-Task Load Index (NASA-TLX). The study noted 

that specific HRV measures, such as LF/HF ratio, LF, and pNN50 was significantly predicted by per- 

formance on the tasks. In addition, time demand of the tasks could predict changes in HRV, specifically 

related to detrended fluctuation analysis (DFA1), pNN50 and rMSSD. These results may be useful in 

predicting the physiological strain on firefighters based on the task demand. This may provide an added 

benefit of physical fitness training in reducing these physical stressors using HRV. 

Figure 10. Difference between HRV measures according to physical fitness in orthostatic position 

Figure 11. Relationship between heart rate variability and physical load: a) – heart rate variability and 

performance; b) – heart rate variability and time demand 
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Cilhoroz et al. (2021) conducted a study investigating the blood pressure and HRV responses in five 

firefighters exposed to sudden vigorous exertion who had hypertension. The researchers used a Polar® 

V800TM HR monitor and Polar® H7 chest strap to measure the firefighters’ baseline HRV. The HRV data 

was exported onto the Polar Flow software (Version 2.3; Polar ElectroOy, Kempele, Finland) for further 

analysis. The results of the study showed that there was a significant trend of increased blood pressure and 

LF/HF ratio in firefighters after completion of the graded exercise stress test. The study noted that HRV and 

ambulatory blood pressure are significantly affected by vigorous intensity, which lasts throughout the 

19-hour monitoring period. In the study, as blood pressure increased, HRV decreased, specifically the 

LF/HF ratio, which is consistent with previous research, (Almeida-Santos et al., 2016; Schuster et al., 

2016; Shin et al., 2016; Wulsin et al., 2015), as this designates alterations in baroreceptor reflexes and 

increased stress on the body. Routinely monitoring HRV throughout firefighter shifts may provide 

valuable information regarding the physiological stressors’ firefighters may experience through the shift. 

Lyytikäinen, Toivonen, Hynynen, Lindholm, & Kyröläinen et al. (2017) investigated how aerobic 

fitness is associated with recovery, using the measurement of heart rate variability in firefighters over a 24-

hour shift. The researchers recorded HRV using a portable Bodyguard, Firstbeat Technologies HR 

monitor. Stress and recovery were measured using salivary cortisol. The study reported that SDNN was 

lowest while firefighters were on shift and decreased during off-duty recovery. A similar decrease was 

seen in the baseline LF/HF ratio of off-duty firefighters. This indicates that while firefighters are on- 

duty, their stress levels are increased, causing a decrease in HRV and a general sympathetic dominance. 

Surprisingly, the researchers did not find a significant association between good cardiorespiratory fitness 

and HRV, however, there was a general trend toward increased RMSSD and SDNN with firefighters 

that had higher aerobic fitness levels (Lyytikäinen et al., 2017). Cortisol levels increased throughout the 

firefighters’ work shift, which coincides with the decreased HRV measures, and remained elevated until the 

last day of recovery before the next shift (Lyytikäinen et al., 2017). The use of HRV and cortisol levels 

provide additional objective measures of monitoring HRV and stress in firefighters. Moreover, the 

combination of hormone monitoring along with physiological monitoring may provide additional 

benefits in ensuring long term health and fitness in firefighters, however, this approach may prove to be 
costly and considered implausible by fire departments. 

An earlier study conducted by Marcel-Millet et al. (2018) investigated the relationship between para- 

sympathetic reactivation, monitored with the Hexoskin® t-shirt, during rescue interventions while wear- 

ing a breathing apparatus. The Hexoskin® t-shirt successfully and accurately monitored the firefighters’ 

physiological responses during the simulation protocols and reported that firefighters that wore the SCBA 

experienced more physiological stress and important post-exercise vagal perturbation. More specifically, 

the increased physiological stress of the SCBA gear increased the post-exercise vagal perturbations in 

firefighters (Marcel-Millet et al., 2018). The study highlights the versatility of using HRV to monitor 

the physiological stressors during specific firefighter duties, which may have a prolonged negative effect of 

the cardiovascular system, post-event. This provides useful information in the applicability of using HRV 

to monitor firefighters’ physiological recovery after an extended time post the emergency event. In addition, 

this may discern firefighters that require stress relief interventions, or those who may benefit from exercise 

training to better cope with the stressors of the job. 
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Heart Rate Variability and Reflection of Respiration 

Heart Rate Variability have been used as a measure to relate to respiratory reflexes, which is a relatively 

new method of applying HRV. Reflection of Respiration (RIR) is an objective index illustrating cardio- 

respiratory load. This was described by Malik et al. (1996) that described respiratory reflexes at rest or 

during low-load activities are present primarily in the high-frequency (HF) band (0.15–0.40 Hz), which 

relates to parasympathetic activity. However, the effect of respiratory reflex in the continuation of high 

load activity are present in the very-high-frequency (VHF) band (0.4–1.0 Hz) rather than in the HF 

band and are indicative of sympathetic activity (Ito, Oka, & Kuriyama, 2020). The use of the RIR index, 

provides visualization of the cardiorespiratory state of firefighters without using a metabolic monitoring 

device, such as a mask and a gas analyzer (Ito et al., 2020; Oka et al., 2021). The use of the RIR index to 

determine other biological parameters, such as blood lactate, has been researched and determined to be 

appropriate. The reflection of respiration has reliably been shown to indicate the shift from an aerobic 

to an anaerobic dominated state under high load intensity, which often occur in firefighters, due to the 

vigorous nature of many of the emergency situations they are faced with (Ito et al., 2020; Oka et al., 2021). 

Ito et al. (2020) investigated the relationship between RIR and firefighters’ activity using a Holter 

monitor while firefighters performed a simulation protocol. The researchers reported that the combined 

use of HR and RIR provided invaluable insight into the physiological stressors firefighters faced, and 

significantly related to the intensity of the load placed on them. In addition, HRV and RIR measurements 

were related to the blood lactic acid levels and the activity level of the firefighters while performing the 

simulated tasks (Ito et al., 2020). The use of HR and RIR, in concurrence, may reduce the incidence of 

overexertion in firefighters and support the improvement in their occupational safety. As many firefight- 

ers do suffer from suboptimal lung function (Navarro et al., 2019; Slattery, Johnston, Paquet, Bennett, & 

Crockett, 2018), the use of HRV may also prove useful in measuring the firefighters’ lung function 
while using SCBA and other breathing apparatuses. 

In a study by Oka et al. (2021) the researchers investigated the applicability of using HRV analysis to 

improve firefighter occupational safety, using a threshold for firefighters to stop their activity immedi- 

ately and recover. The researchers used the RIR as a means to determine the physiological stress of the 

firefighting activities. The study found that RIR parameters predicted increased perceived physiological 

stress and may provide valuable insight into the recovery of firefighters after strenuous emergency du- 

ties. The use of HRV to determine RIR shows additional usefulness and versatility in measuring and/or 

determining physiological stress that firefighters routinely face. Higher RIR may indicate the onset of 

anaerobiosis, which is indicative of high physiological strain (Oka et al., 2021; Vlasenko, 2020). Earlier 

onset of anaerobiosis will cause the earlier onset of fatigue, severely limiting occupational performance. 

Physiological Demands and Energy Expenditure 

Robertson et al. (2017) investigated the use of HRV technologies to assess the physiological demands 

and nutritional practices of Canadian Fire Rangers during fire deployments over a 16-hour wake period. To 

monitor HRV, the researchers used a BioHarness3 HRV monitor, an iPod Touch to monitor food logs, and 

an ActiSleep monitor to track the sleeping patterns of firefighters. The study divided fires into three classes, 

initial attack (most stressful and intense, short duration), project fire (prolonged, moderately- intensity) 

and fire base (firefighters are not on fire deployment). The results indicated that initial attack fires resulted 

in the highest physiological stress, and time spent in physiological recovery was lowest in 
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this group. This provided information on the reduced parasympathetic reactivation between short and 

intense firefighting events and moderate-intensity prolonged firefighting events. In addition, HRV could 

estimate energy expenditure, which can be used by fire services to monitor the energy requirements of 

firefighters to ensure peak performance on duty, especially vigorous-intensity emergency duties (Rob- 

ertson et al., 2017). The use of the portable monitors to track physical demands of emergency duties, and 

the energy expenditure of that duty, may provide additional benefits for efficient recovery in firefighters 

and ensure adequate nutrient intake post emergency. This may be especially useful in observing overall 

workload throughout the shift week. 

Recovery and Heart Rate Variability 

Recovery is an often-overlooked aspect in firefighters’ ability to cope with the stressors of the job. Due 

to the strenuous nature of firefighting many firefighters routinely exceed 90% of the age predicted HR 

maximum (Johnson et al., 2020; Nazari, MacDermid, Sinden, & Overend, 2018; Smith, DeBlois, et al., 

2016; Smith, Haller, Benedict, & Moore-merrell, 2015). Along with the vigorous nature of their occu- 

pation, firefighters contend with hazardous chemicals and fumes, extreme temperatures, and traumatic 

incidents (Smith et al., 2013; Smith, DeBlois, et al., 2016; Soteriades, Smith, Tsismenakis, Baur, & 

Kales, 2011). This places significant physical and psychological strain on firefighters throughout a shift. 

Monitoring firefighters that are experiencing exorbitant amounts of physical and psychological stress 

may provide useful information in ensuring adequate recovery. 

Ebersole, Cornell, Flees, Shemelya, & Noel (2020) investigated the contribution of the autonomic 

nervous system to recovery in a sample of 37 male firefighters. The researchers used a Polar V800 watch 

and H7 monitor to collect heart rate and R-R interval data in firefighters. The HRV standard software 

(version 3.0; Kubios, Kuopio, Finland) was used to analyze the HRV data, specifically the RMSSD. 

The study reported that recovery was related to the intensity of the activity performed by the firefighters 

and HRV, where HRV was reduced after maximal physical exertion. Recovery was significantly lower 

after the 10-minute recovery period after maximal effort activities. These results may aid in prescribing 

adequate recovery after monitoring heart rate responses and HRV during strenuous emergency situations. 

Monitoring HRV will allow for adequate autonomic recovery after maximal effort activities, such as fire 

suppression. Biéchy et al. (2021) used HRV as a tool to measure the benefit to cardiovascular recovery 

using deep breathing and mental imagery in firefighters after physical stress was induced using the 

cooper run test. The study found that HRV could be used to accurately monitor recovery, and that deep 

beathing and mental imagery assisted recovery. The study highlighted the versatility of using HRV in 

determining the usefulness in using various recovery measures in firefighters. 
Schlicht et al. (2018) investigated the effect of wrist cooling on recovery in firefighters, using HRV 

(Polar H7 heart rate monitor) as the recovery indicator. Although the study did not find a significance 

using HRV as an indicator of recovery, it did share a similar result of non-significance with rating of fa- 

tigue. This may allude to fatigue and HRV being closely related in relation to high temperature exposures. 

The study suggests that HRV may also be used as a long-term monitoring system, post fire suppression, 

to monitor firefighters’ physiological recovery. However, more research needs to be conducted on this. 

165 

 

http://etd.uwc.ac.za/



 
 
 

P a g e  | 356 

Use of Mobile Technology in Assessing Occupational Performance and Stress in Firefighters 

Heat Stress and Heart Rate Variability 

Heat stress is an external stress which places significant stress unto firefighters (Larsen et al., 2015; 

Vincent et al., 2017). Although different monitors can be used to assess heat strain on firefighters, 

there are specific measures of HRV that can be used to measure changes in baroceptor activity, which 

would suggest that HRV would provide insight into vascular activity in firefighters while performing 

firefighter suppression duties (Larsen et al., 2015; Malik et al., 1996; Vincent et al., 2017). Therefore, 

HRV provides information on vascular responses firefighters may be experiencing in these strenuous 

situations. Andersen et al. (2017) assessed whether firefighting activities were associated with cardio- 

vascular effects in young trainee firefighters exposed to live fires and particulate matter (PM) while 

wearing appropriate Personal Protective Equipment (PPE). Cardiovascular effects were measured using 

reactive hyperemia index (RHI) and HRV, using the portable EndoPAT2000. The study did not find 

any significance between the microvascular function and HRV during any fire extinguish protocols. 

However, fire extinction was associated with a decrease in RHI and HRV. Specifically, a decrease in 

time domain HRV measures (SDNN, pNN50 and RMSSD), and associated with reduced HF power, 

increased LF power and increased LF/HF ratio toward sympathetic dominance. The fire exposure also 

increased the firefighters body temperature; however, this may be due to the increased workload, rather 

than heat-induced. This decrease in HRV may be related, in particular, to the increased physical exer- 

tion and physical stress associated with fire suppression in firefighters. The close relationship between 

HRV, particularly the LF/HF ratio, may provide valuable insight into vascular function of firefighters 

during fire suppression, especially when under heat stress. As established, the frequency domains are 

closely related to physiological phenomenon, particularly baroreceptor function (Acharya et al., 2006; 

Shaffer & Ginsberg, 2017). 
Specific HRV measures may be applied to firefighters fulfilling different duties who may experience 

different physiological or psychological stressors. This may provide valuable feedback when firefighters are 

performing fire suppression for extended periods of time and the risk of heat exhaustion is increased. 

Psychological Stress and Heart Rate Variability 

As previously discussed, firefighting is a psychologically demanding occupation where firefighters are 

routinely exposed to life threatening situations. This requires firefighters to make spontaneous life or 

death decisions, perform emergency recusation, and are regularly the first responders on site to attend to 

vehicle collisions and other traumatic events. Research has indicated that these high stress situations are 

related to the development and progression of cardiovascular conditions (Carpenter et al., 2015; Gaughan 

et al., 2014; Smith, DeBlois, et al., 2016). These stressors that cause increased psychological load may 

cause increased sympathetic activation, as firefighters are in a constant state of anxiety or fear. Eventually, 

these stressors cause long term psychological conditions such as post-traumatic stress disorders, depres- 

sion, and mental burnout (Liao et al., 2014; Shin et al., 2016; Yook, 2019). The increased sympathetic 

stimulation manifests as a decrease in HRV and may indicate firefighters that are experiencing severe 

psychological load and may need professional therapy to remain psychologically fit for active duty. 

Pluntke et al. (2019) investigated the relationship between physical and psychological stress in seven 

firefighters using HRV. In the study, the researchers used a Polar H7 heart rate monitor and the Elite- 

HRV app to visually monitor, in real-time, the data streaming. The study reported that HRV was very 

accurate and reliable in identifying stress inducing factors and would be particularly useful in high stress 
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occupations such as fire suppression, and particularly useful in detecting physical and mental stress. The 

researchers developed a model to accurately detect and classify physical and mental stress using HRV 

analysis in real-time. This was developed using a low cost unintrusive technology that did not hinder 

firefighter activity/mobility during the simulation course (Pluntke et al., 2019). However, another study 

conducted on similar variables contradicted these results, where the study reported that occupational 

stress was not significantly related to HRV in firefighters (Yook, 2019). 

Age may be a compounding factor in this, nonetheless, firefighters with more years of experience 

have higher prevalence’s of cardiovascular health risks, mental illnesses, and poor work ability (Airila, 

Hakanen, Punakallio, Lusa, & Luukkonen, 2012; Bucala & Sweet, 2019; Firoozeh, Saremi, Kavousi, & 

Maleki, 2017; Negm et al., 2017; Ras, Mosie, Strauss, & Leach, 2021; Saremi, fallah, Laal, Noorizade, 

& Rahimi, 2019). Vlasenko (2020) investigated the relationship between complex visual-motor reac- 

tions, HRV and length of service in firefighters exposed to varying workloads. The researchers used the 

Kredo diagnostic complex to monitor HRV. The study noted that HRV parameters were significantly 

different at the beginning of the work shift compared to the end of the shift. At the end of the shift, an 

increase in vagal effects was noted in all the service length groups. However, firefighters with 7-18 years of 

service experienced the most significant alterations in HRV measures (Figure 10). This suggested that 

all firefighters are at risk for altered HRV, regardless of age or experience levels. Firefighters may benefit 

from HRV monitoring that are routinely exposed to high workloads, are aged (40 years and older) 

and have spent an extended period as firefighters. Coincidentally, these are the demographic 

characteristics of firefighters that most often have underlying cardiovascular and musculoskeletal health 

concerns (Frost et al., 2015; Ras & Leach, 2021; Smith et al., 2013, 2019; Smith, DeBlois, et al., 2016; 

Soteriades, Smith, et al., 2011). 
Marcel-Millet et al. (2021) investigated the psychophysiological responses of firefighters to day and 

night shifts using HRV. The researchers used the Hexoskin® suit to monitor HRV while performing an 

intermittent fitness test. Thereafter, firefighters completed the same simulated rescue intervention under 

three different conditions; firstly, during the day, in the morning, with a sound alarm signal (DaySA); 

secondly, during the night with a sound alarm signal (NightSA); and thirdly, during the night with a 

vibrating alarm signal (NightVA). The study by Marcel-Millet et al. (2021) reported all the HRV indices 

were lower in the NightSA condition in comparison to the DaySA condition. Heart rate reactivity was 

lower in the DaySA condition in comparison to the NightSA condition and was also lower in the NightVA 

condition in comparison to the NightSA condition. Additionally, they found that firefighters had a higher 

stress response to alarm signals during night-time simulation performance, compared to during the day. 

Parasympathetic reactivation after the simulation was more impaired in the night in comparison to the day. 

From the results of the study, night shift or 24-hour shifts may pose increased stress on firefighters and 

firefighters may benefit from these extended working periods or shift work. The study indicated that 

during night-time the risk for impaired autonomic control may be significantly increased. Night- time 

monitoring of HRV may prove useful to discern firefighters who are stressed, fatigued or sleepy or 

sluggish, which may negatively impact performance. 
Susana Rodrigues, Paiva, Dias, & Cunha (2018), investigated HRV during a conventional shift week. 

Heart rate variability was measured using a VitalJacket® and data was collected onto a smartphone us- ing 

a software application designed for the VitalJacket®. The study used the AVNN heart beats and the 

LF/HF ratio. The results showed that fires were the most common emergency, however, accidents were the 

more stressful situation, causing abnormalities in HRV. Fire services often divide the core duties of 
firefighters, where many firefighters would attend to accident scenes the majority of their monthly 
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Figure 12. Heart rate variability and length of service 

shifts (Rodrigues, et al. 2018). This would cause significant psychological strain and may account for the 

high prevalence of mental illness in firefighters. The use of HRV to monitor workloads in firefighters, 

especially during pre and post shift provides valuable information in monitoring the physiological strain 

firefighters experience during that particular shift. This may allow firefighters to start using flexible 

shifts, where firefighters that were physically overloaded on a particular shift may benefit from having 

a longer break between subsequent shifts. 

Cognitive Performance and Heart Rate Variability 

Cognitive performance is essential for acceptable occupational performance and decision making. 

Mental fatigue or reduced cognitive performance may prove detrimental for firefighter decision making, 

particularly when placed in stressful situations. Susana Rodrigues, Paiva, Dias, Pimentel, et al. (2018) 

investigated the applicability of using HRV to monitor the influence of stress on cognitive performance 

in firefighters using the VitalJacket® connected to a smartphone application. They used the Trier Social 
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Figure 13. The difference in heart rate variability between emergency duties. a) represents AVNN in 

milliseconds and b) represents LF/HF ratio 

Stress Test and the 2-Choice Reaction Time Task to assess the relationship between stress, cognitive 

performance, and HRV. The results indicated that stress induced tasks resulted in a decrease in HRV 

(AVNN, SDNN and LF/HF) and was related to a decrease in cognitive performance in firefighters. Heart 

rate variability may provide a valuable intermediate measure to discern firefighters at risk for stress 

induced cognitive impairment while on duty. Another study by Susana Rodrigues, Dias, et al. (2018) 

investigated the relationship between stress on a typical work shift and HRV in firefighters. Similar to 

the previous study, the authors used the VitalJacket® to record HRV data. The researchers used AVNN, 

SDNN RMSSD, pNN50 and LF/HF to retrieve HRV data. The study reported that stress was signifi- 

cantly related to all HRV indices, and that stress significantly increased throughout firefighters shifts. 

Often, firefighters work double shifts, and following the general trend of the study by Rodrigues et al. 

would indicate that the double shifts would cause significant psychophysiological stress in firefighters 

(Chappel, Aisbett, Vincent, & Ridgers, 2016; Jang, Jeong, Ahn, & Choi, 2020). 

Similarly, Jeklin et al. (2021) investigated the relationship between HRV and indices of fatigue, total 

sleep time, and reaction time in ten firefighters. The researchers used a Polar H7 heart rate monitor and a 

smartphone application (Elite HRV®) to monitor HRV. The computer software program Kubios HRV 

2.2 was used to analyze the HRV data. Reaction time was measured using three tasks, i.e., simple reac- 

tion time (SRT), choice reaction time (CRT), and discrimination reaction time (DRT), and administered 

using E-prime software Version 3.0 on an ASUS tablet. Sleep was objectively measured using a triaxial 

actigraph/accelerometer, and levels of fatigue, alertness, and sleepiness were measured subjectively us- ing 

visual analogue scales (VAS). The study reported that there was no significant relationship between 

reaction time and HRV, however, HRV had a significant association between sleepiness, feelings of 

fatigue alertness and total sleep time. The study noted that HRV was a significant predictor of sleepiness 

(36%), fatigue (31%), alertness (8%) and sleep time (8%). No significant association was found between 

HRV and cognitive performance. Previous studies on HRV and reaction time indicated that reduced 

HRV decreased reaction time. However, in the study by Jeklin et al., there were no such relationships 

present. This may be due to the small sample size, and large-scale studies may provide different results. 
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Figure 14. Prediction of factors influencing performance in firefighters 

Risk Taking Behavior and Heart Rate Variability 

Risk taking behavior is an important facet of firefighters that are routinely exposed to dangerous situa- 

tions. Firefighters are at a higher risk for injury, or worse, in the instance that poor decisions were made 

while in these dangerous or life threatening situations Prell et al. (2020) investigated the relationship 

between HRV, risk taking behavior and resilience in firefighters. The Polar RS800CX (Polar Electro 

Oy, Kempele, Finland) heart rate monitor was used to record HRV, and to assess risk taking, resilience, 

and subjective stress, the risk-taking scale, the Resilience Scale and the multi-dimensional NASA-Task 

Load Index (NASA-TLX) were used, respectively. The study found that increased stress negatively 

affected heart rate variability, and that risk taking behavior increased as HRV decreased, indicating 

sympathetic dominance, and resilience was positively associated with an increase in HRV. These results 

indicated that firefighters that are under more stress, and have a low HRV, are more likely to make poor 

decisions on duty, which may cause harm to themselves or civilians. Although having a high HRV may 

indicate good cardiovascular and physical health, it also indicates good mental resilience in firefighters 

(Prell et al., 2020). In Figure 13a, LF/HF ratio had the highest prediction value of risk-taking behavior. 

This is expected as a ratio toward high frequency dominance indicates firefighters are more stressed 

and can account for the increased risky behavior in emergency situations. Healthier psychological cop- 

ing mechanisms during stressful situations, and better decision making may reduce serious injuries in 

firefighters, as well as increase the work efficiency of firefighters. Monitoring HRV on duty, prior and 

during emergency situations, become increasingly important when ensuring good decision making by 

firefighters, especially when lives may be at risk. 

Resilience and Heart Rate Variability 

Firefighters are routinely exposed to traumatic events on duty which negatively affect their mental health. 

The ability of firefighters to cope with these traumatic events is known as resilience. Firefighters with 

higher resilience have better coping mechanisms, assisting in reducing the incidence of post-traumatic 
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stress disorders, depression, and mental burnout. If firefighters develop their resilience, their HRV will 

be higher, and as a result, their decision making may improve in high-risk situations while on duty. 

Although resilience is a very important aspect of long-term mental health in firefighters, the ability of 

firefighters to adapt mentally to varying stress inducing situations may prove invaluable. 

Figure 15. Predicting risk-taking behavior using heart rate variability 

Schwerdtfeger & Dick (2019) investigated the psychophysiological concomitants of resilience, par- 

ticularly related to HRV in every-day life in firefighters, who are routinely exposed to stressful work 

environments. The researchers measured psychological and contextual variables in daily life using the 

smartphone application movisensXS (movisens, Karlsruhe, Germany), resilience was assessed using 

the resilience scale, RS-25, and HRV was measured using a portable ECG that recorded continuously 

throughout a 24-hour work shift. Heart rate variability was analyzed using RMSSD, SDNN, LF and HF. 

The study notes that stressful incidents predicted reductions in both RMSSD and HF-HRV. Firefighters that 

had higher levels of resilience had lower negative emotions during varying stressful situations. Stressful 

situations were also related to reduced RMSSD, indicating that firefighters experienced vagal withdrawal 

and autonomic dysregulation during stressful situations (Schwerdtfeger & Dick, 2019). Firefighters that had 

the ability to rapidly withdraw vagal effect was a positive and protective adaptive response to the 

stressors placed upon them, possibly protecting their physical health in strenuous and stressful situations 

(Schwerdtfeger & Dick, 2019). A study reported that HRV was significantly associated with resilience 
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in firefighters, particularly LF/HF ratio and rMSSD (Prell et al., 2020)(Figure 13b). Although having a 

high HRV may indicate good cardiovascular and physical health, it also indicates good mental resilience 

in firefighters, to allow better coping during stressful situations, and better decision making. Monitoring 

HRV on duty, prior and during emergency situations become increasingly important when ensuring good 

decision making by firefighters when in life threatening emergency situations. 

Although resilience is an important aspect in firefighters coping strategies to the strenuous condi- 

tions that they routinely face, measuring this stress while firefighters are on-duty may be an important 

in determining those firefighters with high perceived stress based on their movements and HRV mea- 

sures while on duty. Meina et al. (2020) examined the relationship between HRV and accelerometery 

to determine the perceived stress levels during a 24-hour work shift in 43 firefighters. The researchers 

used a researcher generated questionnaire, specifically designed to assess firefighters perceived stress 

and HRV was monitored using Equivital™ EQ-02 Life Monitor sensor belts and calculated using time 

domain measures, such as SDNN and rMSSD among others. The study reported that HRV was signifi- 

cantly related to perceived stress and motion in firefighters. The higher movements while on shift were 

generally related to lower HRV. 

The use of HRV in firefighters, while on duty, provides a valuable psychological screening tool, 

where stressed induced mental fatigue may be pre-emptively noticed, and safety precautions made. In 

addition, the use of HRV may be used as a real time psychological and physiological monitoring system 

in firefighters to discriminate symptoms of chronic and acute stress in firefighters (Meina et al., 2020). 

Firefighters with low HRV may be at higher risk for risky behavior in emergency situations, have in- 

creased fatigue and sleepiness and reduced reaction time (Hom et al., 2016; Jeklin et al., 2021; Meina et 

al., 2020; Prell et al., 2020; Schwerdtfeger & Dick, 2019; Vincent et al., 2017). Future research should 

be conducted on establishing clear guidelines and cut-off values to indicate mental fitness for duty using 

this new developing technology. 

Theoretical Underpinnings Explaining the Relationship Between Coronary 
Artery Disease Risk Factors and Heart Rate Variability in Firefighters 

Figure 16 highlights the relationship between cardiovascular, psychological health and HRV in fire- 

fighters, and is based on the previous literature discussed in the chapter. Individually, all the factors that 

negatively affect cardiovascular health and also affect HRV in firefighters (Mehta, 2015; Schuster et 

al., 2016; Sessa et al., 2018; Tomes et al., 2020). This is due to the increased physiological stress with 

increased number of risk factors, and the increased inflammatory responses associated with these risk 

factors. The combination of deteriorating cardiovascular health and reduced HRV may indicate fire- 

fighters that are not ready for active duty and may have high risk cardiovascular abnormalities present 

(S. Al-Zaiti et al., 2015; S. S. Al-Zaiti & Carey, 2015; Soteriades, Targino, et al., 2011). The increased 

cardiovascular strain and sympathetic nervous system stimulation significantly reduces cardiorespiratory 

capacity and muscular endurance, potentially leading to premature fatigue while on duty. Needless to say, 

this poses a significant risk for firefighters themselves, but also the civilians they have sworn to protect. The 

psychological stress and its relation to physiological health is often overlooked in relation to its 

influence on fatigue, occupational performance, and cardiac risk in firefighters. In the diagram, we can 

see the effect that increased psychological load has on HRV, which stimulates the body’s fight or flight 

response, and increasing SNS activation. The increasing SNS stimulation, and reduced HRV, augments 

the cardiovascular load for the duration of fire suppression and other emergency duties and, in turn, 
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adversely effects their cardiovascular recovery post fire suppression (S. Al-Zaiti et al., 2015; Ebersole et al., 

2020; Lyytikäinen et al., 2017; Qiu et al., 2017). The subtle physiological changes, although small, 

significantly increase firefighters’ risk for cardiac events while on duty. Heart rate variability may also 

be used as a means to monitor chronic fatigue and psychophysiological burnout in firefighters. Chronic 

fatigue and psychophysiological stress would manifest as low HRV in the absence of any pathological 

conditions present. The use of HRV to monitor fatigue and psychophysiological stress may be most 

appropriate in middle-aged firefighters, where chronic fatigue and burnout seem to be most prominent 

(Vaulerin, d’Arripe-Longueville, Emile, & Colson, 2016). 

Figure 16. Flow diagram illustrating the possible relationship between CAD and HRV in firefighters 

Physiological Factors Affecting Heart Rate Variability and Occupational Performance 

As previously mentioned, physical fitness is an important factor that affects HRV in firefighters, either 

positively or negatively. Improved physical fitness will reduce the cardiovascular and physical stress 

experienced by firefighters during vigorous intensity activities (Marcel-Millet et al., 2020; Porto et al., 

2019; Yook, 2019). Heat stress is an external factor that augments the physiological load experienced by 

firefighters, causing a decrease in HRV that remains depressed for an extended period of time post activ- ity 

(Schlicht et al., 2018; Smith, Horn, Woods, Ploutz-Snyder, & Fernhall, 2016; Vincent et al., 2017). It was 

reported that increased physical fitness was related to better thermal regulation when exposed to heat stress 

(Havenith & van Middendorp, 1990). The improved physical fitness may reduce the negative heat 
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stress that firefighters experience. This is related to improved vascular functioning and improved thermo- 

regulatory abilities (Larsen et al., 2015; Schlicht et al., 2018; Vincent et al., 2017). Physical activity led 

to increased heat production as a by-product of energy metabolism (Havenith & van Middendorp, 1990; 

Larsen et al., 2015). For any given load, fitter firefighters will cope much better and have lower energy 

requirements, resulting in lower heat production compared to unfit firefighters. The lower internal heat 

produced by fitter firefighters will lessen the physiological strain during fire suppression duties. To the same 

extent, heat stress experienced by unfit firefighters will be augmented by the increased metabolic heat 

production in combination with the external heat stress (Havenith & van Middendorp, 1990; Larsen et al., 

2015). Physical fitness also has a direct relationship to recovery in firefighters. Fitter firefighters’ 

recovery is faster after all stressors that are placed upon them (Ebersole et al., 2020; Lyytikäinen et al., 

2017). Improved recovery enhanced vagal reactivation, autonomic regulation, and thermoregulatory 

recovery post fire suppression (Marcel-Millet et al., 2020, 2018). Improved recovery after emergency 

duties may well allow better performance on concurrent strenuous emergency situations. With the use of 

HRV, heat stress, physical health and recovery can easily be monitored while firefighters are on duty. 

Resting HRV will be much higher in fitter firefighters, lower in unfit firefighters, and could be used as 

an early screening system for those firefighters, specifically. The physiological stress of heat on firefight- ers 

may be monitored while firefighters are inundated by fire suppression duties, and recovery post fire 

suppression, can be monitored when firefighters have completed their duties. Poorer recovery, increased 

HRV depression due to heat stress and reduced physical fitness manifesting as depressed HRV can be 

used as an early warning system to indicate firefighters at risk for injury while on duty. 
Depressed HRV is related to reduced decision-making ability in firefighters (Clifford et al., 2019; Prell 

et al., 2020; Schwerdtfeger & Dick, 2019). In addition, when HRV was depressed, firefighters would have 

riskier behavior on duty (Prell et al., 2020). This could be partially due to the increased fatigue caused 

by reduced HRV as a result of the increased cardiovascular strain (Marcel-Millet et al., 2020; Pluntke 

et al., 2019; Shin et al., 2016). Moreover, increased fatigue has been shown to reduce decision making 

ability (Dennison, Mullineaux, Yates, & Abel, 2012; Jeklin et al., 2021; Prell et al., 2020). Not only does 

higher fatigue cause poorer decision-making abilities in firefighters, but may also cause reduced physical 

performance while engaging in vigorous intensity duties. Premature fatigue is particularly detrimental to 

performance of their duties and may increase the damage to property and risk of injury and loss of life 

of civilians. Due to increased fatigue, performance of their duties may be significantly and negatively 

affected (Dennison et al., 2012; Nazari et al., 2018). Depressed HRV may adversely affect muscular 

force production and cardiorespiratory capacity, reducing occupational performance on duty (Dennison et 

al., 2012; Porto et al., 2019; Schmit & DeBeliso, 2019; Siddall, Stevenson, Turner, & Bilzon, 2018). The 

increased time taken to execute their duties may significantly increase the spread of fires and dam- age to 

property, and the risk of severe injury or death of citizens. From the literature, monitoring HRV may 

assist in reducing the possibility of firefighters at risk for increased risk-taking behavior, fatigue, and 

suboptimal occupational performance. 

SOLUTIONS AND RECOMMENDATIONS 

Though HRV is a relatively new technology, it has many applications and the research interest and prac- 

ticality of its use in firefighters has grown substantially. It is recommended that health policy makers 

and the health care industry advance the case for and adopt the use of HRV technology, such as ECG 
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Figure 17. Physiological factor impacting heart rate variability and occupational performance in fire- 

fighters 

smartwatches and chest straps to regularly monitor the cardiovascular health in firefighters that may be at 

high cardiovascular, physical, and psychological risk. Initially, those firefighters at the highest risk of 

suboptimal occupational performance should be monitored, and thereafter, the mobile technology 

should be made more freely available to all firefighters. Because of the advancements of technology 

and the relatively low cost of monitoring HRV in firefighters, should, in theory, be easily implemented, 

particularly in the younger firefighter generation. In addition, this will assist in the early detection of 

firefighters at risk for suboptimal occupational performance, reducing the likelihood of damage to prop- 

erty and civilian casualties. Moreover, this will assist in lowering the long-term costs associated with 

injuries, missed workdays, and medical treatment associated with the occupation, and in the long term, 

reduce the incidence of early retirement and on-duty fatalities in firefighters. 

FUTURE RESEARCH AND INNOVATION 

Future research should investigate on a longitudinal level, the use of HRV to screen the cardiovascular 

health of firefighters, as a means to predict physical fitness and musculoskeletal health in firefighters, as 

a relatively cost-effective assessment tool in firefighters. In addition, research should investigate the 

applicability of using this technological tool in firefighter psychophysiological stress monitoring and 

fitness for duty. More research should be conducted on non-invasive applications on using these mobile 

devices on and with firefighters, which is comfortable and does not infringe on work performance. A 

study conducted by (Dąbrowska, Bartkowiak, & Kotas, 2021) investigated the use of a warning system 

installed into smart protective clothing developed for firefighters. Although the results are promising, the 

research is still in its infancy, and future research should investigate the applicability of implementing 

mobile and wearable technology, which monitors firefighters’ vital signs, in real time, which would, in 

theory, reduce duty related fatalities. 
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Strengths and Practical Applications of Mobile Technology in Firefighters 

This chapter illustrates the usefulness of technology in firefighters, especially for monitoring physical 

and psychological load. The chapter has highlighted the possibility in monitoring increased cardiovas- 

cular load in emergency situations in firefighters. In addition, the chapter has highlighted the use of 

mobile technology in monitoring the physical fitness levels and the psychological load in firefighters, 

which negatively affect their physical health, decision making ability and likelihood of risky behavior 

while on duty. In addition, the progressive nature of technology and research have highlighted future 

uses of technology in firefighters, specifically for monitoring pulmonary function, energy consumption 

and recovery. In a practical sense, this allows firefighters to be monitored continuously while in emer- 

gency situations, and to use HRV as an early warning system for those firefighters at increased risk for 

cardiovascular or psychological health concerns. Although using technology in firefighters is still in its 

incipiency, it provides the basis of developing an advanced monitoring system in firefighters to ensure 

firefighters continue to be fit and are ready for active duty. 

CONCLUSION 

Firefighters adopting to the use of technology has been a slow progression in the literature. Partly due 

to firefighters’ attitudes toward not having aids to assist with their physiological monitoring on duty 

and the reluctance of older firefighters to adopt newer technology. Heart rate variability is a versatile 

technology with a plethora of uses, particularly in monitoring the cardiovascular strain as a result of 

firefighting and recovery post-fire suppression. In addition, HRV may be used as a monitoring system 

for firefighters that are categorized as high risk. Future research should focus on conducting longitudinal 

studies investigating the applicability of using this new technology on firefighters while on duty, both 

from a practical and a financial standpoint. Technology use in high-risk emergency occupations is the 

future and use of these technologies to ensure career health and wellness are inevitable. 
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KEY TERMS AND DEFINITIONS 

Cognitive Performance: Involves the mental ability to think critically, logically, make the correct 

inferences and respond swiftly and appropriately to any situation one faces. 

Decision Making: The ability to make the correct decision or appropriate course of action among 

several alternative option, particularly while in uncertain situations, while under external pressure. 

Heart Rate Variability: Is the variation in the time between each heartbeat, measures in millisec- 

onds (ms). 

Occupational Performance: Is the ability to perceive, desire, recall, plan and carry out roles, rou- 

tines, tasks, and sub-tasks for the purpose of self-maintenance, productivity, leisure and rest in response to 

demands of the internal and/or external environment. 

Physical Fitness: The ability to perform muscular work satisfactorily and include cardiovascular 

endurance, body composition, muscular strength, muscular endurance, and flexibility. 

Physical Stress: A feeling of physical tension originating from a strenuous situation or task that places 

strain unto an individual’s body as one attempts to overcome the strenuous challenge or physical demand. 

Psychological Stress: A feeling of mental tension or strain originating from a strenuous, dangerous, 

or hazardous situation, between the person and the environment, that causes increased feelings of anxiety, 

worry, depression, anger, irritability, restlessness, and bad decision making. 

Recovery: The ability of one’s bodily processes to achieve a state of resting homeostasis swiftly and 

timeously after intense mental and physical exertion. 

Resilience: The psychological ability to cope with a crisis mentally or emotionally and/or the ability 

to return to pre-crisis state promptly. 

Risk Taking Behavior: When one consciously or non-consciously makes decision or takes action 

with a perceived uncertainty about its outcome, and/or about its possible benefits or costs for the physi- 

cal, economic or psycho-social well-being of oneself or others. 
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