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ABSTRACT

Over 45% of firefighter deaths are due to a sudden cardiac event caused by underlying coronary
artery disease (CAD) risk factors that can be prevented through adequate CAD risk factor
screening and management. The aim of the study was to determine the prevalence of CAD risk
factors in firefighters in the City of Cape Town and the relationship between the various CAD
risk factors. This study used a quantitative cross-sectional, descriptive and correlational design.
A total of 124 full-time firefighters of the City of Cape Town (CoCT) Fire and Rescue Service
were conveniently recruited to participate in the study, including males and females of all
ethnicities. Coronary artery disease risk factor information was obtained with a CAD risk factor
assessment form, including, past medical history, smoking status, physical activity behaviour,
ethnicity/race, age and gender. Standard equipment and procedures were used to measure blood
pressure, cholesterol, body mass and stature. The data was analysed using SPSS version 26.
Descriptive and inferential statistics (Spearman’s correlation), Kruskal-Wallis H and Chi-
square tests were used to analyse the data. The results showed that the most prevalent CAD
risk factors were hypertension (33.06%), obesity (37.10%), cigarette smoking (39.52%), and
dyslipidemia (40.32%). A total of 86.29% of firefighters had one risk factor, 56.45% had two
and 36.29% had three or more risk factors. Significant relationships were found between age
and BMI (r = 0.42, p < 0.001), age and waist circumference (r = 0.52, p < 0.001), and age and
waist-to-hip ratio (r = 0.52, p < 0.001). There were significant associations between family
history and age [x%(1) = 4.17, p = 0.041, OR = 2.59 (95% Cl: 1.02, 6.62)], family history and
central obesity [x%(1) = 3.96, p = 0.047, OR = 2.41 (95% CI: 0.99, 5.79)], and physical inactivity
and obesity [x?(1) = 4.33, p = 0.038, OR = 2.94 (95% CI: 1.03, 8.37)]. In conclusion, the
majority of firefighters had at least one CAD risk factor, with the most frequent risk factors
being hypertension, obesity, cigarette smoking and dyslipidemia. Significant relationships
were found between age, obesity and hypertension. The CoCT Fire and Rescue Service should
promote education on CAD risk factors, regular screening of CAD risk factors, and
preventative behavioural strategies related to poor lifestyle choices.

Key words:
Coronary artery disease, cardiovascular, heart, firefighters, risk factor, fire rescue
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CHAPTER ONE: INTRODUCTION

1.1. Introduction

Over 45% of firefighter deaths are due to sudden cardiac death (SCD), with many of these
deaths attributed to comorbidities (Smith, DeBlois, Kales, & Horn, 2013; Smith, Barr & Kales,
2016; Smith, Haller, Korre et al., 2019; Yang, Teehan, Farioli et al., 2013). Firefighting is a
hazardous occupation that involves firefighters in life-threatening situations, where they are
exposed to severe temperatures, tremendous cardiovascular workloads and hazardous
chemicals and fumes (Seyedmehdi, Attarchi, Cherati et al., 2016; Smith et al., 2013; Smith et
al., 2019;). These severe conditions necessitate that firefighters wear protective clothing and
rescue equipment that is heavy and insulated, which puts tremendous strain on the

cardiovascular system (Seyedmehdi et al., 2016; Smith et al., 2016).

The majority of firefighters (67% — 85%) have at least one CAD risk factor (Gendron, Lajoie,
Laurencelle, & Trudeau, 2018a; Yang et al., 2013). Many firefighters have multiple risk factors
occurring simultaneously, thus, increasing the risk of CAD or mortality while on duty (Farioli,
Yang, Teehan et al., 2014; Martin, Schlaff, Hemenway et al., 2019; Seyedmehdi et al., 2016;
Smith et al., 2013). In addition, an alarmingly large number of firefighters have cardiovascular
disease (CVD), and some have previously suffered a sudden cardiac event (Farioli et al., 2014;

Seyedmehdi et al., 2016; Smith et al., 2013; Kales, Soteriades, Christophi, & Christiani, 2007;).

Obesity, diabetes, dyslipidemia and hypertension often occur cumulatively among firefighters
that further increase the likelihood of a sudden cardiac event while on-duty (Farioli et al., 2014;
Seyedmehdi et al., 2016; Smith et al., 2013). Numerous studies found that an alarming number
of firefighters were hypertensive (27%), dyslipidemic (33.3%), cigarette smokers (38%),
physically inactive (49%) and obese (63%) (Durand, Tsismenakis, Jahnke et al., 2011; Jitnarin,

Poston, Haddock, Jahnke, Day, 2015; Martin et al., 2019; Savall, Charles, Binazet et al., 2018;

http://etd.llec.ac.za/



Soteriades, Liarokapis, Christoudias, Tucker, & Christiani 2002; Yang et al., 2013). Increased
body fat places excessive strain on the cardiovascular system, resulting in an increase in blood
pressure (Fiuza-Luces, Santos-Lozano, Jitnarin et al. 2015; Joyner et al., 2018). Hypertension
combined with increased body fat are indirect causes of diabetes and dyslipidemia, all of which
significantly increase the risk of on-duty mortality (Jitnarin et al., 2015; Yang et al., 2013,
Smith et al., 2013; Smith et al., 2016). Viewed collectively, the hazardous conditions of
firefighting, together with the excess weight of the firefighting equipment and the multiple

CAD risk factors present in many firefighters, increase the likelihood of a sudden cardiac event.

1.2. Statement of the Problem

Most firefighters are not adequately informed about the major risk factors of CAD (Carpenter,
Carpenter, Kimbrel et al., 2015). There is little research currently on CAD risk factors among
firefighters, especially in the City of Cape Town Fire and Rescue Service (Schmidt & Mckune,
2012). The majority of firefighters do not know their individual risk factors of CAD, and many
do not fully understand the negative impact of CAD risk on health and job performance
(Schmidt & Mckune, 2012). Many of the CAD risk factors, especially obesity, physical
inactivity, diabetes and hypertension, significantly lower work performance, and increase the
risk of on-duty fatalities (Durand et al., 2011; Jitnarin et al., 2015; Martin et al., 2019; Savall
et al., 2018; Seyedmehdi et al., 2016; Smith et al., 2013; Soteriades et al. 2002; Yang et al.,
2013). Proper screening of these CAD risk factors will highlight the firefighters at risk, and aid
in reducing firefighter casualties and the associated loss of property (Poston, Haddock, Jahnke,

Jitnarin, & Day, 2013).
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1.3.  Aim of the Study

The aim of the study is to determine the prevalence of the major CAD risk factors in firefighters

in the City of Cape Town and the relationship between the various CAD risk factors.

1.4.  Objectives of the Study

The objectives of the study are to:

e Determine the prevalence of CAD risk factors in firefighters in the City of Cape Town Fire
and Rescue Service.

e Determine the relationship between the various CAD risk factors in firefighters.

e Determine the relationship between CAD risk factors and various demographic

characteristics, such as age, gender, and ethnicity.

1.5.  Hypotheses of the Study

The hypotheses of the study are the following:

e There will be a high prevalence of CAD risk factors in firefighters in the City of Cape Town
Fire and Rescue Service.

e CAD risk will increase with age, especially in male firefighters.

e There will be significant relationships between cigarette smoking, physical inactivity,

obesity, hypertension, dyslipidaemia and diabetes.

1.6.  Significance of the Study

Coronary artery disease is a major contributor of morbidity and premature mortality in

firefighters that needs urgent attention (Fiuza-Luces et al., 2018; Smith et al., 2013; Smith et
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al., 2016; Yang et al., 2013). Firefighters are put under tremendous physical and mental stress,
and having multiple CAD risk factors prevalent may escalate the health burden, thereby,
resulting in significant morbidity and mortality (Carpenter et al., 2015; Smith et al., 2013;

Smith et al., 2016; Soteriades Smith, Tsismenakis, Baur, & Kales, 2011).

Due to firefighting being a physically demanding and stressful occupation, continuous and
early CAD risk factor screening and detection, combined with the appropriate interventions,
will have a substantial immediate and long-term impact on the productivity and longevity of
firefighters. A comprehensive intervention strategy may also help diminish the potential loss
of life of firefighters and, thereby, decrease the potential damage to commercial, public or

private property.

There are few studies investigating the prevalence of CAD risk factors in firefighters, as well
as the relationship between the various CAD risk factors in firefighters (Schmidt & Mckune,
2012). The scarce literature on the health and CAD risk factors of firefighters is a cause of
concern and requires urgent attention. Therefore, the identification of CAD risk factors among
firefighters is an important first step in addressing the problem and, hopefully, will highlight

the need for effective behaviour modification in order to ameliorate the risk in firefighters.

1.7.  Delimitations of the Study

1.7.1. Inclusion Criteria

The following inclusion criteria were applied in the study, namely:
o Full-time firefighters permanently employed in the City of Cape Town.

e Male and female firefighters between the ages of 18 and 65 years.

http://etd.ﬁwc.ac.za/



1.7.2. Exclusion Criteria

The following exclusion criteria were applied in the study, namely:

e Administrative staff who were not active firefighters.
e Volunteer firefighters or workers on a part-time basis (i.e., contracted for the peak season

only).

o Firefighters who were hospitalized or on leave during the period of the study.

1.8. Definitions of Terms

Age, as a risk factor, is defined as men aged 45 years or older and women aged 55 years or

older (ACSM, 2018, p. 44).

Cigarette smoking, as a risk factor, is defined as being a current cigarette smoker or individuals
who have quit smoking in the last 6 months or individuals exposed to second-hand tobacco

smoke (ACSM, 2018, p. 44).

Coronary artery disease risk factors are a group of factors that contribute to the development

of heart disease or SCD (Smith et al.; 2016; Smith et al., 2013).

Diabetes is a disease in which the ability of cells to produce or respond to insulin is impaired,
causing abnormally elevated levels of glucose in the blood (Emdin, Khera, Natarajan et al.,
2017; King & Grant 2016; Newsholme, Cruzat, Arfuso, & Keane, 2014). Diabetes is defined
as an impaired fasting glucose (IFG) of between 7.77 and 11.04 mmolsL! or an impaired
glucose tolerance (IGT) of 11.1 mmol-L™? or above, confirmed on at least two separate

occasions (ACSM, 2018, p. 44).

Dyslipidemia is defined as a low-density lipoprotein cholesterol (LDL-C) concentration equal

to or more than 3.37 mmoleL?, a high-density lipoprotein cholesterol (HDL-C) concentration
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equal to or less than 1.04 mmol<L! or a total serum cholesterol concentration equal to or

more than 5.18 mmolsL? (ACSM, 2018, p. 44).

Family history of heart disease, as a risk factor, is defined as myocardial infarction, coronary
revascularization or SCD 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

(ACSM, 2018, p. 44).

Physical Inactivity is defined as individuals not participating in thirty minutes of moderate-
intensity physical activity on three days of the week for at least three months, consecutively

(ACSM, 2018, p. 44).

Hypertension is defined as a resting systolic blood pressure (SBP) equal to or more than 140
mm Hg and/or a resting diastolic blood pressure (DBP) equal to or more than 90 mm Hg that

is confirmed on at least two different days of testing (ACSM, 2018, p. 44).

Obesity is the excessive accumulation of adipose tissue that is directly related to an imbalance
in energy intake that exceeds energy expenditure (Gadde, Martin, Berthoud, & Heymsfield,
2018). Obesity is defined as'a body mass index (BMI) of 30 kgem2 or more. (ACSM, 2018, p.
44). Central obesity is defined as a waist circumference (WC) of more than 102 cm for men
and 88 cm for women, as well as a waist-to-hip ratio of more than 0.95 in males and 0.86 in

females (ACSM, 2018, p. 44; Alpert, Lavie, Agrawal, Aggarwal, & Kumar, 2014).
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CHAPTER TWO: LITERATURE REVIEW

2.1.  Introduction

Firefighting is a physically demanding occupation, and requires peak physical fitness in order
to fulfil the on-duty emergencies (Choi & Kojaku, 2017; Seyedmehdi et al., 2016; Smith et al.,
2019; Smith et al., 2013). Coronary heart disease is the cause of death in over 45% of
firefighters when on-duty (Savall et al., 2019; Smith et al., 2013; Soares & Porto, 2019). The
major CAD risk factors include age, a family history of heart disease, cigarette smoking,
physical inactivity, obesity, hypertension, dyslipidemia, and diabetes (ACSM, 2018, p. 44).
These risk factors are categorized as non-modifiable and modifiable. Non-modifiable risk
factors cannot be altered by a change in behaviour, and include age, and a family history of
heart disease (Dahlof, 2010; Popa, Petresc, Catana et al., 2020). Modifiable risk factors are
managed by altering lifestyle choices and implementing lifestyle changes (Dahlof, 2010;
Foody, Huo, Ji et al., 2013; Popa et al., 2020). These include hypertension, dyslipidaemia,
obesity, physical inactivity, diabetes, and cigarette smoking (Dahlof, 2010; Foody et al., 2013;

Frohlich & Al-Sarraf, 2013; Popa et al., 2020).

This literature review will discuss the development of atherosclerosis, leading to CAD, how
each CAD risk factor influences the development and progression of CAD, and the prevalence

of CAD risk factors in firefighters.

2.2.  Development of Coronary Artery Disease

Cardiovascular disease, particularly CAD, is one of the leading causes of morbidity and
mortality worldwide, and the incidence of SCD from these diseases is steadily increasing

(Ambrose & Singh, 2015). Acute myocardial infarction (AMI) and SCD are life-threatening
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and amongst the most serious manifestations of CAD (Ambrose & Singh, 2015). Additionally,
CAD is not limited to AMI and SCD, but can take the form of less severe manifestations, such
as stable and unstable angina, silent ischemia, and congestive heart failure (Ambrose & Singh,
2015; Sayols-Baixeras, Lluis-Ganella, & Elosua, 2014). Many individuals experiencing AMI
or heart attack, due to CAD, have often suffered permanent disability or even death (Ambrose

& Singh, 2015; Sayols-Baixeras et al., 2014).

The underlying pathophysiologic mechanism of CAD can be attributed to the process of
atherosclerosis (Ambrose & Singh, 2015; Bobryshev, Ivanova, Chistiakov, Nikiforov, &
Orekhov, 2016; Sayols-Baixeras et al., 2014). The process of atherosclerosis can be described
as a low-grade inflammatory process in which the intima (inner lining) of the arteries become
inflamed and gradually start to thicken, causing progressive narrowing (Ambrose & Singh,
2015; Bobryshev et al., 2016; Sayols-Baixeras et al., 2014). The process is accelerated by major
CAD risk factors, such as age, family history, diabetes, hypertension, cholesterol, and cigarette

smoking (Ambrose & Singh, 2015).

2.3.  Coronary Artery Disease Risk factors

Various studies show that individuals who develop CAD have at least one CAD risk factor
present, and multiple risk factors accelerate the process of atherosclerotic plague formation

(Brown, Gerhardt, & Kwon, 2020; Foody et al., 2013; Popa et al., 2020).

2.3.1. Non-Modifiable Risk Factors
2.3.1.1. Family History

A family history of CAD can be considered a genetic disease (Herrera & Lindgren; 2010;

Nordestgaard & Benn, 2017). It is well understood that having first-degree relatives with heart
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disease in conjunction with other positive CAD risk factors can predispose an individual to

suffering an acute coronary event, AMI or SCD (Nordestgaard & Benn, 2017).

Participants who reported a positive family history of CAD, also had a higher prevalence of
traditional risk factors, such as hypertension, diabetes mellitus, dyslipidemia, and cigarette
smoking (Valerio, Peters, Zwinderman, & Pinto-Sietsma, 2016). A study also found that among
hypertensive individuals with a family history of CAD, vascular diseases appeared almost
twice as often (Valerio et al., 2016). A positive family history significantly increased the risk
of hypertension, obesity, central obesity, and metabolic syndrome (Ranasinghe, Cooray,

Jayawardena, & Katulanda, 2015).

2.3.1.2. Age

Aging negatively affects the body’s metabolic and cardiovascular functioning, and is
considered the most important factor influencing cardiovascular homeostasis (Costantino,
Paneni, & Cosentino, 2016; Paneni, Cafestro, Libby, Luscher, & Camici, 2017). The
prevalence of metabolic disease and diabetes in older persons has significantly increased,
further contributing to cardiovascular disease (CVD) morbidity and mortality, with
approximately 40% of deaths in persons over the age of 65 years related to atherosclerotic

disease (Costantino et al., 2016; Lakatta, 2002).

For every 9 to 10 years increase in age, the risk of hypertension doubles (Poorolajal, Farbakhsh,
Mahjub, Bidarafsh, & Babaee, 2015). Aging disrupts cholesterol homeostasis, and negatively
affects insulin sensitivity of cells (Morgan, Mooney, Wilkinson, Pickles, & Mc Auley, 2016;
Shulman, 2014). In addition, as individuals age, the arteries become progressively stiffer and
inelastic (Costantino et al., 2016). Age-related increases in reactive oxygen species (ROS)

causes a decrease in nitric oxide which further reduces vascular elasticity (Costantino et al.,
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2016; Paneni et al., 2017). The loss of elasticity contributes to increased systolic and diastolic
blood pressure that causes decreased perfusion in myocardial cells and increased myocardial

ischemia (Costantino et al., 2016; Paneni et al., 2017; Steenman & Lande 2017).

In addition, increased systolic blood pressure causes an increase in left ventricular afterload,
and pathological left ventricular hypertrophy (Paneni et al., 2017; Steenman & Lande 2017).
Coronary atherosclerotic plaque formation progresses with age and, coupled with an increase
in myocardial oxygen demand, forms a lethal combination for a sudden cardiac event (Paneni

etal., 2017).

2.3.2. Modifiable Risk Factors
2.3.2.1. Diabetes Mellitus

When blood glucose is elevated for prolonged periods, cells become resistant to insulin and
gradually require higher levels of insulin to stimulate glucose uptake. This eventually leads to
insulin resistance and, subsequently, diabetes mellitus (Emdin et al., 2017; Newsholme et al.,
2014). Diabetes causes an increase in low-grade inflammation, which exacerbates
atherosclerotic plaque formation (King & Grant, 2016; La Sala, Prattichizzo, & Ceriello, 2019;

Poznyak, Grechko, Poggio et al., 2020).

There is a distinct relationship between an increase in adipose tissue, as seen in obesity, and
the development of insulin resistance (Shulman, 2014). Insulin resistance and diabetes are
directly linked to and promote other CAD risk factors, such as dyslipidemia and central obesity
(Edmin et al., 2017; Poznyak et al., 2020; Tangvarasittichai, 2015). Emdin et al. (2017)
reported that diabetes was significantly associated with an increased waist-to-hip ratio (WHR)

that increased the risk of coronary heart disease (CHD).
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Tsujimoto, Kajio, and Sugiyama (2016) reported that diabetes was significantly associated with
CHD, and diabetic patients with signs of CHD are at significantly increased risk for sustaining
a life-threatening cardiac event. Turin, Okamura and Rumana et al. (2017) investigated the
lifetime risk (LTR) of diabetes and CHD in 40 year-olds, and reported that, when diabetes was
present, the LTR of CHD was 4.45% higher in males and 5.03% higher in females. Similarly,
Junttila Kiviniemi, Lepojarvi et al. (2018) reported that SCD was significantly higher in

diabetic (4.1%) compared to non-diabetic (1.4%) patients.

2.3.2.2. Physical Inactivity

Approximately 80% of CHD is caused by physical inactivity and associated risk factors
(Maddison, Rawstorn, Shariful Islam et al, 2015). Physical inactivity in conjunction with
obesity leads to the development and progression of diabetes, dyslipidemia, and hypertension,
especially in aged adults (Alves, Viana, Cavalcante et al., 2016; Biswas, Oh, Faulkner et al.,
2015; Gaetano, 2016; Gonzalez, Fuentes, & Marquez, 2017; Oktay, Lavie, Kokkinos et al.,
2017). In addition, it has been associated with reduced endothelial function, increased oxidative
stress and arterial stiffening (Gonzalez et al., 2017; Guerrero, Sun, & Kwon, 2020; (Lessiani,

Santilli, Boccatonda et al., 2015).

Sedentary individuals have a higher BMI, a larger WC, a higher blood pressure, an abnormal
lipid profile with higher C-reactive proteins, an abnormal index of insulin resistance, and a
worse triglyceride/HDL-C ratio and higher blood glucose. A sedentary lifestyle was also
associated with a 75% increase in all-cause mortality related to heart failure (Park, Dracup,
Whooley et al., 2019). Matthias, de Silva, Indrakumar and Gunatilake (2018) reported that
acute coronary syndromes (ACS) were present in 56.7% of physically inactive participants,

and 17.1% of minimally active participants.
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2.3.2.3. Hypertension

Many factors influence the onset of hypertension, including a high sodium intake, a sedentary
lifestyle, obesity, high alcohol consumption, psychological stress, and low potassium and
calcium intake (Garfinkle, 2017; Mann, 2018; Schafer, Myers, Brown et al., 2016). When left
untreated, hypertension leads to organ damage, atherosclerosis and CAD (Garfinkle, 2017,

Schéfer et al., 2016).

Hypertensive blood pressures destroy the endothelial lining of smooth muscle tissue in arteries
through altered shear forces and oxidative stress (Hurtubise, McLellan, Durr et al., 2016;
Schéfer et al., 2016). The combination of shear forces and oxidative stress causes inflammation,
cell proliferation, vascular remodelling, apoptosis, and an increase in the cellular permeability
for adhesion molecules and LDL-C, thus triggering the cascade of monocytes and
macrophages, resulting in the formation of atherosclerotic plaque (Higgins & Adeli, 2017,
Hurtubise et al., 2016; Schéafer et al., 2016). When hypertension is combined with dyslipidemia,
the excess cholesterol and LDL-C molecules accentuate the atherosclerotic plaque build-up
(Higgins & Adeli, 2017; Hurtubise et al., 2016; Peters, Singhateh, Mackay, Huxley, &

Woodward, 2016).

Zhang, Yang and Xiao et al. (2018) reported that hypertension was significantly associated
with the incidence of stroke and CHD, especially when diabetes was present. Gosmanova,
Mikkelsen and Molnar et al. (2016) also reported that a higher SBP, with or without
hypertension, was significantly associated with CHD, stroke, and all-cause mortality. Biswas,
Singh and Singh (2017) reported that hypertension was significantly associated with CHD, and

that adults who were hypertensive were eleven times more likely to have CHD.
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2.3.2.4. Obesity

Obesity is a risk factor for CAD, but also has a catalytic effect in the development and
progression of other modifiable risk factors (De Schutter, Lavie, & Milani, 2014; Kim, Després
& Koh, 2016). The catalytic effect can be seen globally in the progression of type-II diabetes
and other cardiometabolic conditions (De Schutter et al., 2014; Kim et al., 2016; Ortega, Lavie,
Blair, 2018). Obesity is associated with insulin resistance and type-11 diabetes mellitus, caused
by poor dietary practices that are high in refined carbohydrates and sugars, and pro-
inflammatory adipocytokines (De Schutter et al., 2014; Liberale, Bonaventura, Vecchié et al.,

2017).

Furthermore, blood pressure is elevated in obese individuals through a combination of adipose-
related disruption in endocrine function (i.e., aldosterone, cortisol, and insulin) and an increase
in blood volume and peripheral resistance that are caused by an increase in body mass (De
Schutter et al., 2014; Kim et al., 2016; Ortega et al., 2018). Over 80% of patients with CHD
are overweight and obese, and are significant predictors of AMI and ischemic heart disease
(IHD), with or without cardiometabolic disorders (Ades & Savage, 2018; Thomsen &
Nordestgaard, 2014). Obesity also plays an important role in the development and progression
of cardiometabolic syndromes (Kodama Horikawa, Fujihara et al., 2014). In addition, early-
life weight-gain is a significant predictor of type-2 diabetes mellitus (Kodama et al., 2014). For
every five kgem increase in BMI, mortality risk of CHD increases by 30% (Antonopoulos,

Oikonomou, Antoniades, & Tousoulis, 2016).

2.3.2.5. Cigarette Smoking

Tobacco use is the leading cause of non-communicable diseases worldwide and, compared to
obesity, is responsible for more deaths in high-income countries (Jha & Peto, 2014; de Ronde,

Kok, Moerland et al., 2017; Kamceva, Arsova-Sarafinovska, Ruskovska et al., 2016). Older
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individuals who start smoking early in adulthood are at higher risk (Jha & Peto, 2014). The
exact mechanism by which cigarette smoking causes atherosclerosis has not been fully
identified yet (de Ronde et al., 2017; Jha & Peto, 2014). However, it is well known that many
cells, including monocytes, undergo phenotypical changes when exposed to cigarette smoke,
caused by oxidative stress, leading to their transformation into foam cells, and subsequent
accumulation into arteriolar walls contributing to the formation of atherosclerotic plaques (de
Ronde et al., 2017; Hecht, Arheart, Lee, Hennekens, & Hlaing, 2016; Kamceva et al., 2016;
King, Piper, Gepner et al., 2017). There is a direct link between an increase in oxidative stress
and an increase in the number of cigarettes smoked per day (Hecht et al., 2016; Kamceva et

al., 2016; King et al., 2017).

Coronary artery disease risk advancement for cigarette smokers is 5.50 years, and for smoking
cessation 2.16 years (Mons, Miezzinler, Gellert et al., 2015). There is a dose-response
relationship, where an increase in the number of cigarettes smoked per day increases CAD risk
(Mons et al., 2015). Ding, Sang, Chen et al. (2019) reported that cigarette smoking was
significantly associated with CHD, peripheral artery disease (PAD) and stroke, and that even

after smoking cessation, the risk for CHD was significantly elevated up to 20 years.

2.3.2.6. Dyslipidemia

Dyslipidemia is a major risk factor for CAD and, similar to hypertension, is insidious in its
onset and progression (Alphonse & Jones, 2016; Higgins & Adeli, 2017). Increasing the intake
of saturated fatty-acids reduces LDL-receptor activity in the liver, resulting in an increase in
circulating LDL-C and, subsequently, lowers cholesterol synthesis (Alphonse & Jones, 2016;
Peters et al., 2016). When overweight or obese, the rate of cholesterol synthesis increases to a

level that causes malabsorption, which highlights a distinct relationship between body mass,
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cholesterol synthesis and absorption (Alphonse & Jones, 2016; Higgins & Adeli, 2017; Peters
et al., 2016). An inverse relationship exists between LDL-C and HDL-C. When HDL-C levels
are low in the blood, it leads to an increase in LDL-C, and vice versa (Bodoff, 2016; Higgins
& Adeli, 2017). A ratio of HDL-C to LDL-C that is skewed towards LDL-C, increases an
individual’s risk of developing atherosclerotic plaque (Higgins & Adeli, 2017; Hao &

Friedman, 2014).

For every one millimole per litre (mmolsL!) increase in total cholesterol (TC), the risk of CHD
increased by 20% in women and by 24% in men (Peters et al., 2016). High TC concentrations
are accountable for 2.6 million deaths worldwide, and a third of all CHD may be attributed to
high cholesterol (Peters et al., 2016). Ariyanti and Besral (2018) reported that among the
participants who had CHD, 50% had dyslipidemia, and those with dyslipidemia were 2.5 times
more likely to suffer CHD. The study also reported that individuals with dyslipidemia and
hypertension, were eighteen times more likely to develop CHD. Furthermore, dyslipidemia
was significantly associated with CAD, regardless of whether other CAD risk factors was

present or not (Goyfman, Chaus, Dabbous et al., 2018).

2.4.  Prevalence of Coronary Artery Disease

2.4.1. Global Prevalence of Coronary Artery Disease and Coronary Artery Disease
Risk Factors

Globally, it is estimated that 470.8 million people have CVD, an increase of 26.7% compared
to 2006 (Benjamin, Muntner, Alonso et al., 2019). Jagannathan, Patel, Ali and VVenkat Narayan
(2019) reported 17.8 million deaths were related to CVD, and increased from 1990 to 2017.
The study also reported that although age-standardized death related to CVD decreased, the
overall CVD-related deaths increased by 5.9%. Globally, it is estimated that the prevalence of

obesity, diabetes, cigarette smoking, physical inactivity, hypertension and dyslipidemia were,
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12.9%, 24.8%, 26%, 31.1%, 35%, and 41.7%, respectively (Benjamin et al., 2019; Jagannathan

etal., 2019).

Half of the occurrences in CVD are estimated to occur in Asia, however, CAD mortality among
nine Asian countries showed a dissimilar pattern (Benjamin et al., 2019; Shah, Abbas, Hanif et
al., 2019). In East Asian countries, encompassing Japan, South Korea and China, CAD
mortality was considerably lower than in Western countries (Benjamin et al., 2019; Kalra,
Kumbhani & Hill, 2020; Shah et al., 2019). However, in South Asian countries, the mortality
rates of stroke and CAD were much higher than in Western countries (Benjamin et al., 2019;
Kalra, et al., 2020; Shah et al., 2019). Furthermore, South Asian countries, including India,

Bangladesh and Pakistan, had the highest mortality due to CAD (Benjamin et al., 2019).

In Europe, heart disease and CAD are still major health concerns, and many deaths occur due
to these conditions being left untreated (Benjamin et al., 2019; Jagannathan et al., 2019;
Timmis, Townsend, Gale et al., 2020). In Europe, it is estimated that 108.7 million people have
CVD, with males having a lower prevalence than females (52.9 vs 55.7 million, respectively)
(Timmis et al., 2020). Furthermore, CVD-related deaths were more prevalent in females than
in males (47% vs. 29%, respectively) (Timmis et al., 2020).  The study estimated a prevalence
of diabetes, dyslipidemia, cigarette smoking, obesity, hypertension and physical inactivity in
6.8%, 14.9%, 21%, 22.6%, 24.8%, 31% of the general European population (Timmis et al.,

2020).

2.4.2. Prevalence of Coronary Artery Disease Risk Factors in Africa and South Africa

In Africa, 38% of all deaths related to non-communicable disease (NCD) was attributed to
CVD, and is expected to rise (Keates, Mocumbi, Ntsekhe, Sliwa and Steward, 2017). Keates

et al. (2017) reported the following CAD risk factor prevalence, i.e., diabetes estimated to be
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3.8%, obesity between 2 and 29%, dyslipidemia between 15 to 35%, hypertension between 15
and 70%, cigarette smoking/tobacco use between 43 and 60%, and physical inactivity between
50 and 60%. Hyle, Mayosi, Middelkoop et al. (2017) reported that CVD was present in 12 to
33% of sub-Saharan Africans, with a prevalence of the following CAD risk factors, diabetes in
1 to 12%, smoking in 0.6 to 15%, hypertension in 6 to 22%, and dyslipidemia in 5 to 70%, of

the general population.

Cardiovascular disease is a considerable burden in South Africa, responsible for one in five
deaths (Roozen, Vos, & Tempelam et al., 2019). South Africa is reported to have the highest
prevalence of obesity, diabetes, cigarette smoking and dyslipidemia (Keates et al., 2017; Sliwa,
Acquah, Gersh, & Mocumbi, 2016). In South Africa, the prevalence of family history, diabetes,
dyslipidemia, cigarette smoking, hypertension, obesity and physical inactivity is 3.15%,
15.3%, 17.5%, 20.6%, 24.8%, 35.4% and 44.9%, respectively (Basu, Wagner, Sewpaul,
Reddy, & Davies, 2019; Roozen et al., 2019). In the population of the Western Cape, 26% were
cigarette smokers, 28% were aged 45 years or older, 32.7% had systolic hypertension, 34.6%
had diastolic hypertension, 36% were obese, 62.2% had elevated TC and 64% were physically

inactive (George, McGrath, & Oni, 2019; Schouw, Mash, & Kolbe-Alexander, 2018).

2.5.  Prevalence of Coronary Artery Disease Risk Factors in Firefighters
2.5.1. Diabetes in Firefighters

A study reported that 50% of firefighters had prediabetes and 2% had diabetes (Ratchford,
Carson, Jones, & Ashen, 2014). Gendron et al. (2018a) reported a similar prevalence of
diabetes in 3% of firefighters. Other studies reported a similar low prevalence of diabetes, with
the majority having a prevalence under 5% (Mehrdad, Movasatian, & Momenzadeh, 2013,
Plat, Frings-Dresen, & Sluiter, 2012; Savall et al., 2018; Winter, Seals, Martin, & Russel,

2017).
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Wolkow, Netto, Langridge et al. (2014) reported that female firefighters had a slightly lower
prevalence of diabetes compared to male firefighters (3.6% vs 6.8%, respectively). In contrast,
Gendron et al. (2018a) and Gendron, Lajoie, Laurencelle, & Trudeau (2018b) reported that
females had a slightly higher prevalence than males (3% vs 1.7%, respectively). However, the
prevalence for both genders was equally low and only differed marginally. With regard to
ethnicity, Poston, Haddock, Jahnke et al. (2014) reported that diabetes prevalence was low and
similar for the various ethnicities. In Asian firefighters, blood glucose correlated to obesity, but

not ethnicity.

Lee and Kim (2017) found that 31.1% of firefighters had hyperglycaemia, 33.5% had
hypertension and 36.2% had high triglyceride levels. Superko, Momary, Pendyala et al. (2011)
found that 3.72% of firefighters were diabetic that was associated increased BMI and blood
pressure. Damacena, Batista, Ayres, Zandonade and Sampaio (2020) reported 30.72% of
firefighters had elevated blood glucose that was associated with central obesity. Similarly,
Eastlake, Knipper, He, Alexander and Davis (2015) reported that 4.5% of firefighters had high
blood glucose that it was significantly associated with age. Soteriades, Kales, Liarokapis and
Christiani (2003) reported 4.11% of firefighters had diabetes, with no significant associations
to other risk factors. Smith et al. (2013) reported that firefighters who had diabetes were 10.2

times more likely to suffer an on-duty fatality attributed to CAD.

2.5.2. Physical Inactivity in Firefighters

Durand et al. (2011) found that 49% of firefighters exercised less than three times a week for
30 minutes per session, and could be considered sedentary. The mean BMI of the group was
29.3+4.5 kgem, showing that the majority were overweight and bordering on obesity.

Mehrdad et al. (2013) found that 23.8% of firefighters were physically inactive. Martin et al.
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(2019) reported a higher prevalence of physical inactivity in 45.9% of firefighters. Similarly,
Risavi and Staszko (2015) and Amodeo and Nickelsin (2020) reported a high prevalence of
physical inactivity in 47.3% and 46.7% of firefighters, respectively. Cavalcante-Neto,
Calheiros, Calheiros et al. (2019) reported that 55.7% of firefighters were inactive. Baur,
Christophi, Cook, Kales et al. (2012a) reported that 56.9% of firefighters exercised 30 minutes
or less per session, 14.7% exercised for 15 minutes or less per session, 21% exercised at light
intensity or did not exercise at all, and 16.2% exercised once or less per week. The study also
found that firefighters with a BMI equal to or above 30 kgem, exercised less than 150 minutes
per week that was related to poor cardiorespiratory fitness and obesity. Chappel, Aisbett,
Vincent and Ridgers (2016) found that firefighters spent the majority of a shift (average length
10.4 hours) engaged in light physical activity. During the month, firefighters spent on average
39.8 minutes being sedentary, 430.1 minutes engaged in light-intensity physical activity, 252
minutes engaged in moderate-intensity physical activity and 2 minutes engaged in vigorous-
intensity activity. Gendron, Lajoie, Laurencelle, Lemoyne and Trudeau (2020) found that 11%

of firefighters were physically inactive that negatively correlated to BMI, WC, WHR and DBP.

Gendron et al. (2018a; 2018b) reported that 62% of female firefighters were physically
inactive, compared to 70% of male firefighters. Kirlin, Nicholas, Rusk, Parker and Rauh (2017)
found that the maximum metabolic equivalents (METS) expended weekly by firefighters were
significantly higher in the younger 25-34 year group compared to the older 35-44 and 45-54
year groups. Also, 43% of female firefighters over 45 years of age fell below the required 12
METs (Kirlin et al., 2017). Poston et al. (2014) reported that the prevalence of physical

inactivity in firefighters of different ethnicities was similar.
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2.5.3. Family History of Coronary Artery Disease in Firefighters

Savall et al. (2018) reported that 11.1% of French firefighters had a positive family history of
CAD. Similarly, Smith, Fehling, Frisch et al. (2012) reported a low prevalence of family history
in 5.17% of firefighters. Martin et al. (2019) reported that 25.7% of firefighters had a family

history of CAD.

Ratchford et al. (2014) reported a positive family history in 32% of firefighters, but no
significant association to other risk factors. Korre, Porto, Farioli et al. (2016) found that 40%
of firefighters had a family history of CAD, that was significantly associated increased left
ventricular mass. Glueck, Kelley, Wang et al. (1996) found that firefighters who reported a

positive family history were significantly associated with CHD as they aged.

2.5.4. Aging in Firefighting

Mehrdad et al. (2013) reported a prevalence of age as a risk factor in 11.6% of firefighters.
Martin et al (2019) reported a slightly higher prevalence in 35.1%. Choi, Steiss, Garcia-Rivas
et al. (2016c¢) reported that 44.7% of firefighters had age as a risk factor. Burgess, Kurzius-
Spencer, Gerkin et al. (2012) and Smith et al. (2012) reported a similar high prevalence of age

as a risk factor in firefighters, i.e., 47.23% and 47.4%, respectively.

Baur et al. (2012a) found that there was a decline in cardiorespiratory fitness with advancing
age, and that nearly half the firefighters were overweight, with 36% being obese. The increase
in age and BMI were significantly associated, with a concomitant decrease in cardiorespiratory
fitness. Perroni, Cignitti, Cortis and Capranica (2014) found that younger firefighters between
the ages of 26 to 30 years, showed a decrease in maximal volume of oxygen consumed per
minute (VOzmax) of 13.4%, while firefighters aged 41 and 42 years showed the largest decrease

of 20.5%. The decline in cardiorespiratory fitness with age, along with the increase in obesity,
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predisposes many firefighters to sudden cardiac events (Perroni et al., 2014; Seyedmehdi et al.,

2016).

In American firefighters, an increase in age resulted in a significant increase in the number of
CAD risk factors (Zachmeier, Han, King et al., 2018). Similarly, Burgess et al. (2012) found
that older firefighters were significantly associated with increased LDL-C and atherosclerotic
plaque. Li, Ochoa, Lipsey, and Nelson (2018) reported that body fat percentage (BF%) was
significantly associated with age, and that overall metabolic syndrome prevalence increased as
firefighters aged. Similarly, Walker, Driller, Argus, Cooke and Rattray (2014) found that as
firefighters aged, BMI increased significantly and aerobic capacity decreased significantly.
Choi et al. (2016c¢) also reported that age was significantly correlated with body composition

in firefighters, specifically BMI, WC and BF%.

Li, Lipsey, Leach and Nelson (2017) found that the prevalence of metabolic syndrome
increased as the firefighters aged. Furthermore, older firefighters showed more positive risk
factors, i.e., hypertension, hyperglycemia, central obesity, high triglycerides, and low HDL-C.
Lee and Kim (2017) found that the risk factors for metabolic syndrome increased as firefighters

aged.

Poston, Haddock, Jahnke et al. (2011) reported that male firefighters had a higher mean age
than female firefighters. Gendron et al. (2018a; 2018b) reported that 45.3% of male firefighters
had age as a risk factor compared to only 10% of female firefighters. Smith, Graham, Stewart
and Mathias (2020) reported that as male and female firefighters aged, both genders had a
significant increase in BMI, but only male firefighters had a significant increase in
hypercholesterolemia, hypertension, and hyperglycaemia. Previous studies showed that when

firefighters are divided into different age categories, the 45 years or older category was
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significantly associated with BMI, SBP, DBP and dyslipidemia (Burgess et al., 2012;

Damacena et al., 2020; Davis, Jankovitz & Rein, 2002; Ide, 2000; Perroni et al., 2014).

2.5.5. Hypertension in Firefighters

Hypertension is a common occurrence with age, due to an increase in body fat, as well as
arterial weakening, a loss of arterial elasticity and an increase in arterial stiffening (Choi et al.,
2016c¢; Gendron et al., 2018a; Paneni et al., 2017). Soteriades et al. (2003) reported a prevalence
of hypertension in 20% of male firefighters that steadily increased with age. Previous literature
indicated that hypertension is significantly associated with age and obesity, and significantly
increased the risk of on-duty mortality and hospitalisation in firefighters (Davis et al., 2002;
Eastlake et al., 2015; Nor, lee, Park et al.; 2019; Soteriades, Hauser, Kawachi, Christiani, &

Kales, 2008).

Gendron et al. (2018a) found that 12.2% of Québec firefighters were hypertensive that was
associated with BMI. Risavi and Staszko (2015) found that 44.3% of firefighters were
hypertensive that was also significantly associated with BMI. Female firefighters were shown
to have a consistently lower prevalence of hypertension than males (Gendron et al., 2018a;
Gendron 2018b; Li et al., 2017; Wolkow et al., 2014). Choi, Schnall and Dobson (2016b)
reported that 10.9% of male firefighters had hypertension, whereas none of the females had
hypertension. Both SBP and DBP were significantly higher in older firefighters, and the
prevalence of hypertension increased proportionately with age-group by 1.2% in the 25-34 year
group, 6.7% in the 35-44 year group, 17.2% in the 45-54 year group and 35.0% in the 55-61
year group (Choi et al., 2016b). The study also found that White firefighters had a higher

(12.3%) prevalence of hypertension compared to Hispanic/Asian/Other (4.9%) firefighters.
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Choi et al. (2016c) reported that blood pressure was significantly correlated with ethnicity,

especially DBP in Hispanic firefighters and SBP in Asian firefighters.

Yang et al. (2013) found that when hypertension was combined with left ventricular
hypertrophy, it increased the incidence of SCD twelvefold. This illustrates why SCD is
relatively common among firefighters, especially when compounded by obesity and physical

inactivity (Kales et al., 2007; Smith et al., 2013; Smith et al., 2019).

Significant factors that influence the development of hypertension are psychosocial and work-
related stress (Liu, Li, Li, & Khan, 2017; Yook, 2019). Firefighting is a very stressful
occupation, and studies show a direct relationship between increased stress and subsequent
increased arterial stiffness and resultant hypertension (Liu et al., 2017; Yook, 2019). Choi et
al. (2016b) reported that blood pressures were higher in firefighters who reported 12 to 21 shifts
per month than those who worked a standard of 8 to 11 shifts per month, and was associated

with increased stress and workload.

2.5.6. Obesity in Firefighters

In the United States (US), firefighters had the third highest prevalence of obesity among 41
male-based occupation groups (Choi, Schnall, Dobson et al., 2011). The prevalence of obesity
ranged from 22% to 60% (Soares & Porto, 2019). Choi et al. (2016¢) found that 28.87% of
firefighters were obese, with 23.94% exhibiting abdominal obesity. The study further found
significant correlations between BMI, WC, SBP, DBP, TC and fasting glucose. Nogueira,
Porto, Nogueira et al. (2016) reported that 0.2% of firefighters were underweight, 30.8% were
normal weight, 54.3% were overweight, and 14.7% were obese. The study found a significant
negative correlation between body composition and cardiorespiratory fitness. Gendron et al.
(2018a) found that the number of modifiable risk factors was significantly associated with

BMI, and increased as BMI increased. Damacena et al. (2020) and Smith et al. (2012) reported
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a much higher prevalence of obesity among firefighters, wherein 51.7% were obese, and
obesity was significantly associated with WC. Various studies indicate that obesity prevalence
in firefighters ranged from 14.7 to 51.7%, and that obesity had significant associations with
most of the other CAD risk factors (Gendron et al., 2018a; Smith et al., 2012; Choi et al., 2016c;

Nogueira et al., 2016).

Previous literature consistently indicated that more male firefighters were obese than female
firefighters (Crespo-Ruiz, Garcia, Ferndndez-Vega, Crespo-Ruiz, & Rivas-Galan, 2020;
Gendron et al., 2018a, Gendron et al., 2018b; Jahnke, Poston, Haddock et al., 2012; Li et al.,
2017). In addition, obesity in firefighters significantly increased as firefighters aged (Damacena
etal., 2020; Ide, 2000; Perroni et al., 2014; Soteriades et al., 2008; Soteriades, Hauser, Kawachi
etal., 2005; Walker et al., 2014; Wilkinson, Brown, Poston et al., 2014). Damacena et al. (2020)
found that central obesity increased as firefighters aged, with an obesity prevalence of 9.64%
in the group below 30 years, 11.75% in the 30-39 year group, 34.40% in the 40-49 year group,
and 36.59% in the 50-59 year group. This was supported by Choi, Dobson, Schnall and Garcia-

Rivas (2016a), where obesity, especially central obesity, increased through the age categories.

Poston et al. (2014) found that Hispanic firefighters had significantly higher BMIs and BF%
compared to White firefighters, and 59% of the former group were more likely to be obese.
Other studies reported that a higher percentage of White firefighters were obese, and that all

ethnic groups were associated with obesity (Choi et al., 2016c; Choi et al., 2016b).

Obesity results in a decrease in physical fitness and increased the workload placed on the
cardiovascular system, both at rest and when performing duty-related activities (Smith et al.,
2013; Sternfeld, Ngo, Satariano, & Tager, 2002). When firefighters were obese, they were 3.1
times more likely to suffer a fatality related to heart disease (Smith et al., 2013). Obesity also

affected the incidence of injuries sustained by firefighters (Choi et al., 2016a; Choi et al., 2016c,
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Gendron et al., 2018a; Kaipust, Jahnke, Poston et al., 2019; Nogueira et al., 2016). Kaipust et
al. (2019) found a significant association between sleep deprivation and on-duty injuries in

obese firefighters.

2.5.7. Cigarette Smoking in Firefighters

Regular tobacco use is a major CAD risk factor amongst firefighters worldwide (Jitnarin et al.,
2015; Seyedmehdi et al., 2016). A study conducted in Central America found that smoking
rates for career firefighters was 13.6%, and for volunteer firefighters 17.4% (Haddock, Jitnarin,
Poston, Tuley, & Jahnke, 2011). Similarly, Mehrdad et al. (2013) reported a low smoking
prevalence of 11.6% in firefighters. Jitnarin et al. (2015) reported that 21% of firefighters were
regular tobacco users, and that tobacco users were significantly younger. Similarly,
Seyedmehdi et al. (2016) found that 21.7% of firefighters were smokers, and that cigarette
smoking was negatively correlated with aerobic fitness levels. Planinc, Kokalj-Kokot, Pajk,
and Zupet (2016) found that 38% of firefighters were smokers, with 42% being overweight,
and 21% obese. Smith et al. (2013) showed that the relative risk of on-duty fatalities related to
CHD increased 8.5 times when firefighters were cigarette smokers. Smoking leads to
premature fatigue in firefighters, and thereby endangering not only the lives of the firefighters,
but also the lives of the public they serve to protect (Anthonisen, Connett, & Murray, 2002;

Nikolakaros, Vahlberg, Auranen, et al., 2017).

Previous literature indicated that female firefighters had a higher prevalence of cigarette
smoking compared to their male counterparts (Gendron et al., 2018a; Gendron et al., 2018b;
Jahnke etal., 2012; Lietal., 2017). Yoo and Franke (2009) reported that tobacco use decreased
as firefighters aged, and was most prevalent in the youngest age-group of 16-30 years (40%),

compared to the older groups of 31-42 years (32%) and 43-69 years (19%). This was supported
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by Jitnarin et al. (2015), Jitnarin, Poston, Haddock and Jahnke (2019) and Ide (2000) who all
reported that cigarette smoking was most prevalent in younger firefighters, and that smoking
prevalence decreased with age. Jitnarin, Haddock, Poston and Jahnke (2013) reported that
fewer White firefighters were smokers. Lima, Assuncdo and Barreto (2013) found that
firefighters of mixed-ethnicity were most likely to be smokers (25%) compared to White (18%)
and Black (9%) ethnic groups. In contrast, Poston et al. (2014) reported that cigarette smoking

was similar between ethnic groups.

2.5.8. Dyslipidemia in Firefighters

Savall et al. (2018) reported dyslipidemia in 19.5% of French firefighters, and that 48% were
overweight. Smith et al. (2012) reported that 13.79% of firefighters had high cholesterol.
Burgess et al. (2012) reported that 26.97% of firefighters had high LDL-C levels, and that LDL -
C in combination with increased age and hypertension were significantly associated with
atherosclerotic plaque development. Similarly, another study reported that 29.7% of
firefighters had dyslipidemia (Martin et al., 2019). Eastlake et al. (2015) reported a higher
prevalence of hypercholesterolemia in 35% of firefighters, and that it was significantly
associated with BMI and age. Leary, Takazawa, Kannan and Khalil (2020) reported that 46.7%
of firefighters had high triglycerides, and 31.1% had low HDL-C levels. Cohen, Zeig-Owens,
Joe et al. (2019) reported a prevalence of high cholesterol in 56.5% of firefighters and that it

was significantly associated with age.

Wolkow et al. (2014) reported that 42.1% of Australian male firefighters had elevated LDL-C
compared to 26.9% of female firefighters. The study also noted that 31.3% of male firefighters
had low HDL-C compared to 8.1% of female firefighters. Gendron et al. (2018a; 2018b) also

reported that male firefighters had a higher prevalence of dyslipidemia than females (17.4% vs
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5%, respectively). Similarly, Santora, Pillutla, Norris et al. (2013) reported that
hypercholesterolemia was present in 46% of male firefighters and 11% of female firefighters.
Triglycerides were also reported to be higher in male firefighters compared to females (32.3%
and 26.9%, respectively) (Wolkow et al., 2014). Strauf, Foshag, Przybylek et al. (2016)
reported that 36.1% of firefighters had abnormal triglyceride levels. The majority of studies
reported a high prevalence of dyslipidemia in older firefighters, between 26.97% and 73% that
was associated with obesity (Burgess et al., 2012; Davis et al., 2002; Eastlake et al., 2015;
Smith, et al., 2016b; Soteriades et al., 2002; Soteriades et al., 2008). Choi et al. (2016c¢)
reported that LDL-C and obesity were significantly correlated in Hispanic firefighters. Another
study reported that White and Black firefighters had a similar prevalence of high cholesterol

levels (Glueck, Kelley, Gupta et al., 1997).

2.6. Conclusion

Firefighters show a relatively high prevalence of CAD risk factors, with the most prevalent
being obesity, dyslipidemia and physical inactivity, especially in aged male firefighters, and
the least prevalent being diabetes and family history. Certain CAD risk factors occur
concurrently, such as age, obesity, diabetes, dyslipidemia, hypertension and physical inactivity

and are significantly associated.
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CHAPTER THREE: RESEARCH METHODS

3.1.  Introduction

This chapter presents how the study was designed and conducted. It starts with the study design
and recruitment of participants, followed by the research procedures and statistical analysis of
data. The testing procedures were based on the standardized testing procedures according to

the American College of Sports Medicine (ACSM, 2018).

3.2.  Research Design

This study utilized a quantitative cross-sectional, descriptive and correlational design.

3.3.  Sampling of Participants

A total of 124 full-time firefighters from the City of Cape Town Fire and Rescue Service were
conveniently recruited to participate in the study, including firefighters of all ages, genders,

and ethnic groups.

3.4. Research Procedures
3.4.1. Participant Preparation, Selection and Screening

The participants were given pre-test instructions at least 72 hours prior to testing. Testing was
scheduled for 15-20 minutes per participant. In the event of a public emergency arising, while
the participants were being tested, the firefighters were excused and retested on the following
shift. Since the testing occurred during winter and during late morning to early afternoon, the

incidence of public emergencies was infrequent (less than 5 times).
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3.4.2. Age, Gender, Family History, Cigarette Smoking and Physical Activity

A CAD risk factor assessment questionnaire (Appendix C) was used to record the participant’s
age, gender, ethnicity, family history of CAD, and smoking history. The tool used to measure

physical activity was the International Physical Activity Questionnaire (IPAQ).

3.4.3. Blood Pressure

A data recording form was used for measuring resting blood pressure, fasting blood glucose,
total blood cholesterol, waist and hip circumferences, stature and body mass. Blood pressure
was measured using a standard blood pressure sphygmomanometer (Goodpro International
Co., Limited, China) and stethoscope (Sprague Rappaport stethoscope, Medical Supplies and
Equipment Company, Houston, Texas, USA). The standard auscultatory method of blood
pressure measurement was used (ACSM, 2018, pp. 48-49). In preparation for taking blood
pressure, the participant was asked to sit quietly for five minutes. The blood pressure cuff was
inflated to 20 — 30 mm Hg above the first Korotkoff sound, thereafter, the pressure was
gradually released at 2-3 mm Hg per second, until the sound disappeared. Systolic blood
pressure was recorded on the first Korotkoff sound, and diastolic blood pressure was recorded
at the disappearance of the Korotkoff sound. All measurements were recorded to the nearest 2
mm Hg, and the average of three measurements were taken as the final measurement. The
participants’ systolic and diastolic blood pressures were recorded thrice to ensure accuracy,

with a recovery interval of at least 1 minute between measurements.

3.4.4. Blood Glucose and Total Cholesterol

Total cholesterol and non-fasting blood glucose (NFBG) were measured using an AcuTrend®

Plus GC meter. The tester followed the recommended testing procedure by Roche Diagnostics
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equipment manual. The participant was seated in a private testing room. The test included a
finger prick, wherein the initial blood droplet was wiped off and a second drop of blood used
for testing purposes. The blood was placed on the glucose test strip and analysed in the
AcuTrend® meter. Cholesterol was taken thereafter, following the same procedure. The
manufacturers accuracy rating for the glucose and cholesterol measurements were y = 1.057x
—14.9;r=0.920and y =0.973 - 0.4; r = 0.988, respectively. All biological waste was collected

and disposed of by the UWC biokinetics practice.

3.4.5.  Anthropometry
3.4.5.1. Stretch Stature

Stature was measured using a portable stadiometer (Charder HM200P Portstad Portable
Stadiometer), standing barefoaot on the level plastic plate with the heels together, and the heels,
buttocks and upper back touching the stadiometer rod. The participants were measured without
shoes. The participant’s head was placed in the Frankfort plane (horizontal plan aligned by
placing the tips of the tester’s thumbs on the orbitale, and tips of the index fingers on the
trigion). The participant was asked to inhale and hold, and the stadiometer rod was lowered
onto the top of the participants head (vertex), compressing the hair as much as possible. The
participant’s height was recorded to the nearest 0.1 cm (Baharudin, Ahmad, Naidu et al., 2017;
Ulijaszek & Kerr, 1999). Height was measured twice, and the average of the two measurements

was recorded as the final measurement.

3.4.5.2. Body Mass

Body mass was measured privately, with the participant wearing light (minimal) clothing, i.e.,

males in shorts only, and females in shorts and a light top or swim suit. Body mass was
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measured to the nearest 50 grams using a precision electronic scale (Salter Ultimate Accuracy
Digital Analyser). The participants stood on the scale with their weight evenly distributed
across both feet. Body mass was taken twice and the average recorded as the final
measurement, provided that the measurements were within 0.1 kg of each other (Geeta,
Jamaiyah, Safiza et al., 2009; Ulijaszek & Kerr, 1999). If measurements varied more than 0.1

kg, then additional measurements were taken until the required accuracy was obtained.

3.4.5.3. Body Mass Index

Obesity was measured by BMI, which was calculated by dividing the participants body mass
in kilograms by stature in metres squared, and described as Kilograms per square metre, and

expressed as kgem?2 (ACSM, 2018, pp. 64-67).

3.4.6. Waist and Hip Circumferences

Waist circumference was measured. horizontally above the point of the umbilicus and below
the xiphoid process (ACSM, 2018, pp. 64-67), which is the narrowest part of the torso, between
the lower costal (10" rib) border and top of the iliac crest, perpendicular to the long axis of the
trunk. The cross-hand technique was used to measure all circumferences (ACSM, 2018, p. 64-
67). The measuring tape was measured perpendicular (at an angle of 90° to a given line, plane
or surface) to the body segments being measured, with the hook tab held in the right hand and
the stub held in the left hand. The left hand was used to manipulate the tape to the correct level
and then passed underneath the casing to grasp the stub again. The middle fingers of both hands
were used to locate the tape at the precise landmark for the measurement and to orientate the
tape so that the zero was easily read, with the tester’s eyes level with the tape measure. Hip

circumference (HC) was taken at the level of the greatest posterior protuberance of the buttocks
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that was, anteriorly, parallel to the level of the symphysis pubis, and the widest part of the hips.
Waist and hip circumference were measure to the nearest 0.1 cm at the end of normal expiration
(Geeta et al., 2009; Ulijaszek & Kerr, 1999). Measurements were taken twice and the average
was recorded as the final measurement, provided they varied less than 3 mm (Geeta et al., 2009;

Ulijaszek & Kerr, 1999).

3.4.7. Waist-to-Hip Ratio

The waist-to-hip ratio measurement was calculated by dividing the WC by the HC (Bacopoulou
Efthymiou, Landis, Rentoumis, & Chrousos, 2015). This measurement represents how the
participant’s fat is distributed over the body, i.e., central (android) or peripheral (gynocoidal)

fat-patterning.

3.4.8. Instrument and Tester Reliability and Validity

The research instruments used for data collection were calibrated by the department
specifically for research purposes. In order to ensure intra-tester reliability and validity, only
one tester was be used in the study (Geeta et al., 2009). A pilot study on five participants was
conducted. Five successive measurements were taken, on all measurable study variables using
standard and precision research equipment (AcuTrend® Plus GC meter, blood pressure cuff
and weight scale) and reliability coefficients were calculated. The technical error of
measurement (TEM) was within acceptable parameters for the research being conducted
(Beharudin et al., 2017; Perini, de Oliveira, Ornellas, & de Oliveira, 2005). A test-retest
reliability coefficient of 0.8 minimum was required prior to the commencement of the study to
ensure tester reliability, and was standardized across all measurements (Beharudin et al., 2017;

Geeta et al., 2009; Koo & Li, 2016, Perini et al., 2005). The IPAQ was used to measure
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physical activity, which was shown to be a reliable and valid tool (Bohlmann, Mackinnon,

Kruger et al., 2001; Rai, Asif, & Malhotra, 2018; Sanda, Vistad, Haakstad et al., 2017).

3.5. Statistical Analysis

All data was captured by double-entry into a Microsoft Office Excel spreadsheet, and then
cleaned of errors. Thereafter, it was exported to the Statistical Package for the Social Sciences
(SPSS) version 26 for data analysis. All electronic back-up copies of the data were stored on
computer, against password protected files, with access controlled by the researcher. Each
participant was allocated a code to protect their identity, when collecting and capturing the data

onto the spread sheets (Microsoft Excel and SPSS).

Descriptive statistical analysis (mean, standard deviation and frequencies) and inferential
statistics (Spearman’s r correlation coefficient, Pearson’s Chi Square and Kruskal-Wallis H)
were generated. A p-value of less than 0.05 was used to indicate statistical significance. The

data was checked for normality using a Shapiro-Wilks test.

Spearman’s coefficient was used to assess statistically significant correlations between
continuous CAD risk factors (age, BMI, WC, HC, WHR, SBP, DBP, blood glucose and TC),
and the strength of all correlations were reported using Akoglu (2018) and Mukaka (2012). The
Chi-square test was used to determine statistically significant associations between the
categorical risk factors (family history, cigarette smoking, physical inactivity, hypertension and
obesity, gender, age, and ethnicity). The Kruskal-Wallis H test was used to determine
statistically significant differences between continuous variables. The Mann-Whitney U test
was applied post hoc with a Bonferroni correction, so that all effects were reported at a
significance level of less than 0.0083 (0.05 + 6 comparative groups), and all effects for ethnic

groups were reported at a 0.016 (0.05 + 3 comparative groups) critical level of significance.
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3.6. Ethical Considerations

Ethics clearance to conduct the study was obtained from the Biomedical Research Ethics
Committee (BMREC) at the University of the Western Cape (Appendix E). Permission to test

the firefighters was obtained from the Chief Fire Officer, as well as the City of Cape Town.

All participants were given detailed information about the aim and objectives of the study, the
methods, as well as the risks and benefits (Appendix A). Thereafter, written consent was
obtained from the participants (Appendix B). Participation in the study was voluntary with the
option of withdrawing at any stage, without any negative consequences. The participants’
information and measurements were collected privately and an alpha-numeric coding system
was used to ensure confidentiality, with due respect for the participants’ dignity and autonomy

at all times.

All the information obtained from the participants remained anonymous, and if the results are
to be published, all the participants’ personal information will remain confidential. No personal
information of the participants will be disclosed to the Fire Department that could compromise
the confidentiality of the participants. All information regarding this research is stored securely
in the SRES department, with access available to the researcher and supervisor only. All

participant information will be destroyed after a period of five years.
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CHAPTER FOUR: RESULTS

4.1. Introduction

This chapter presents the results of the data analysis, and an interpretation of the results. In this
study, a total of 124 firefighters, with a mean age of 37.53+9.05 years, participated from various
fire stations in the City of Cape Town (CoCT) Fire and Rescue Service. The majority of
firefighters were male (79.03), and 20.97% were female. The mean ages of male and female
firefighters were 37.84+9.80 years and 36.38+5.36 years, respectively. When all participants
were separated into age-group categories, the age-group 20-29 years represented 19.35% of the
participants in the study, the age-group 30-39 years had the highest with 44.35%, the age-group
40-49 years had 24.19%, and the age-group 50-65 years had the lowest with 12.09%. The
majority of firefighters were Coloured (56.45%), with a mean age of 37.67+8.79 years,
followed by Black firefighters (25.81%), with a mean age of 36.38+8.01 years, and then White

firefighters (16.94%), with a mean age of 39.38+11.31 years.

4.2. Prevalence of Coronary Artery Disease Risk Factors

4.2.1. Diabetes

Diabetes was the CAD risk factor least prevalent (8.87%) in firefighters (Figure 4.1), and
amongst male firefighters only (Table 4.1). The results showed that the prevalence of diabetes
in firefighters was age-related. Based on age-group, diabetes was absent in the youngest group
20-29 years, while the 30-39 years had 1.81%. The age-group 40-49 years had a prevalence of
26.67%, and the 50-65 years had 33.33%, the highest. The prevalence of diabetes among the
various ethnic groups was 10.00% in Coloured firefighters, 9.52% in White firefighters and

6.25% in Black firefighters.

http://etd Pwe.ac.za/



4.2.2. Physical Inactivity

Physical inactivity was prevalent in 13.70% of firefighters (Figure 4.1). Both male and female
firefighters had a similar prevalence for physical inactivity, 13.27% and 15.38%, respectively
(Table 4.1). The youngest age-group of 20-29 years had physical inactivity in 20.83%, the age-
group of 30-39 years had 9.09%, the age-group of 40-49 years had 6.67%, and the age-group
of 50-65 years had the highest with 33.33%. According to ethnic groups, Coloured firefighters
had the highest prevalence of physical inactivity with 15.71%, followed by Black firefighters

with 12.50%, and White firefighters with 9.52%.

4.2.3. Family History

A total of 20.96% of firefighters reported a positive family history of CAD (Figure 4.1). Males
and females reported a similar prevalence of family history, 21.42% and 19.23%, respectively
(Table 4.1). When reported according to age-group, family history was prevalent in 12.50% of
firefighters aged 20-29 years, in 10.90% aged 30-39 years, in 46.67% aged 40-49 years, and in
20.00% aged 50-65 years. White firefighters had the highest prevalence of family history with

38.08%, followed by Coloured firefighters with 22.86%, and Black firefighters with 6.25%.

4.2.4. Age

A total of 23.39% of firefighters had age as a CAD risk factor (Figure 4.1), and they were all
male (29.59%) (Table 4.1). Age, as a CAD risk factor, was absent in the age groups 20-29
years and 30-39 years, while the age-group 40-49 years had 56.66% with age as a risk factor,
and the age-group 50-65 years had all firefighters with age as a risk factor. Coloured firefighters
had the highest prevalence of age as a risk factor with 25.71%, followed by White firefighters

with 19.00%, and Black firefighters with 9.38%.
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4.2.5. Hypertension

A total of 33.06% of firefighters had hypertension as a CAD risk factor (Figure 4.1). Among
male firefighters, 34.69% had hypertension, and among female firefighters, 26.92% had
hypertension (Table 4.1). In the age groups, hypertension was also age-related. In the age-
group 20-29 years 8.33% had hypertension, the 30-39 years had 29.09%, the 40-49 years had
50.00%, and the 50-65 years had 53.33%, the highest. Coloured firefighters had the highest
prevalence of hypertension in 37.14%, and White and Black firefighters had a similar
prevalence with 28.57% and 28.14%, respectively. Among all firefighters, 18.55% were pre-

hypertensive and 48.39% were normotensive (Table 4.1).

4.2.6. Obesity

A total of 37.10% of firefighters were obese (Figure 4.1). Male firefighters had 31.63% obese
and female firefighters had 53.85% obese (Table 4.1). The prevalence of obesity was age-
related. The age-group 20-29 years had 12.50% obese, followed by the 30-39 years with
32.72%. The older two groups, 40-49 years and 50-65 years, had the same obesity prevalence
of 53.33% each. Obesity was most prevalent in White firefighters with 42.86%, followed by

Coloured firefighters with 37.14%, and least prevalent in Black firefighters with 31.25%.

Furthermore, central obesity was prevalent in 29.59% of male firefighters, and 65.00% of
female firefighters (Table 4.1). Central obesity was least prevalent in the youngest age-group
of 20-29 years with 20.83%, followed by the 30-39 years with 34.54%, and the oldest two
groups i.e., 40-49 years and 50-65 years, with 53.33% each. The prevalence of central obesity
was highest in White firefighters with 42.86%, followed by Coloured firefighters with 38.57%,

and lowest in Black firefighters with 28.13%.
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4.2.7. Cigarette Smoking

A total of 39.52% of firefighters were current cigarette smokers or had quit within the last 6
months (Figure 4.1). Among the male firefighters, 44.89% were smokers, compared to 19.23%
of female firefighters (Table 4.1). Among the smokers, 36.73% smoked less than 5 cigarettes
per day and were classified as light smokers, 51.02% smoked 6 to 19 cigarettes a day and were
classified as moderate smokers, and 14.29% smoked 20 or more cigarettes a day and were
classified as heavy smokers (Kaleta, Makowiec-Dabrowska, Dziankowska-Zaborszczyk, &
Fronczak, 2012; Schane, Ling, & Glantz, 2010). Furthermore, 4.00% of firefighters recently

quit smoking, with half (2.00%) of the recently quit smokers having asthma.

The youngest age-group 20-29 years had the highest prevalence of smokers (45.83%), followed
by the 30-39 years with 43.63%. The age-group 40-49 years had the lowest prevalence of
smokers with 30.00%, and the 50-65 years had 33.33%. Cigarette smoking was most prevalent
in White firefighters with 47.62%, followed by Coloured firefighters with 41.43%, and lowest

in Black firefighters with 28.13%.

4.2.8. Dyslipidemia

Dyslipidemia was the most prevalent CAD risk factor, and present in 40.32% of firefighters
(Figure 4.1). Dyslipidemia among male and female firefighters was 41.84% and 34.62%,
respectively (Table 4.1). Dyslipidemia was least prevalent in the youngest age-group 20-29
years with 12.50%, and increased in the 30-39 years to 40.00%, in the 40-49 years it was
56.67%, and in the 50-65 years it was 53.33%. Coloured firefighters with dyslipidemia was
44.29%, followed by White firefighters with 42.86%, and lowest in Black firefighters with

31.25%.
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Figure 4.1: Prevalence of CAD risk factors in firefighters.
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Table 4.1: Prevalence of CAD risk factors among firefighters according to gender, age-group and ethnicity.

Gender Age Group Ethnicity”
Male Female 20-29 30-39 40-49 50-65 Coloured Black White
(n=98) (n =26) (n=24) (h=55) (n=30) (n=15) (n=70) (n=32) (n=21)
CAD Risk Factor % % % % % % % % %

Age (3 >45y; @ >55y) 29.59 0.00 0.00 0.00 56.66 100.00 25.71 9.38 19.00
Family history () (& <55y; Q <65y) 21.42 19.23 12.50 10.90 46.67 20.00 22.86 6.25 38.09
Cigarette smoking (==) 44.89 19.23 45.83 43.63 30.00 33.33 41.43 28.13 47.62
Physical inactivity () 13.27 15.38 20.83 9.09 6.67 33.33 15.71 12.50 9.52
Obesity (BMI >30 kgem™) 31.63 53.85 12.50 32.72 53.33 53.33 37.14 31.25 42.86
Overweight® (1) 4591 30.77 41.66 43.63 40.00 46.67 41.43 43.75 47.62

WC (1) 29.59 65.00 20.83 34.54 b8133 53.33 38.57 6.25 42.86

WHR (111) 33.67 42.30 125 29.09 46.67 73.33 37.14 28.13 42.86
Hypertension (>140/90 mm Hg) 34.69 26.92 8.33 29.09 50.00 53.33 37.14 28.13 28.57
Systolic (>140 mm Hg) 18.37 7.69 8.33 10.91 30.00 20.00 14.29 21.88 14.29
Diastolic (=90 mm Hg) 17.34 15.38 0.00 18.18 33.33 6.67 22.86 9.38 9.52
Pre-hypertensionP© 18.37 19.23 8.33 21.82 20.00 20.00 17.14 21.88 19.05
Diabetes (V) 11.22 0.00 0.00 1.81 26.67 33.33 10.00 6.25 9.52
Pre-diabetesP¢ (VI) 6.12 3.85 8.33 0.00 13.33 13.33 7.14 3.13 4.76
Dyslipidemia (V11) 41.84 34.62 12.50 40.00 56.66 53.33 44.29 31.25 42.86

Note: Italics indicates supporting measurements; "¢ indicates pre-clinical measurement; & — indicates male, Q@ — indicates female; A~ — indicates family history
myocardial infarction, coronary revascularization or sudden death; BMI — body mass index; WC — waist circumference; WHR — waist-to-hip ratio; = — indicates current
smoker or quit within the last 6 months; 4N _ indicates not meeting the minimum ACSM exercise requirements of moderate-intensity exercise for 30 minutes, thrice
weekly; | — indicates BMI <30 kgem; Il — indicates WC & >102 cm; @ >88 cm; III — indicates & >0.95; @ > 86; IV — indicates BP <139/89 mm Hg; V — indicates non-
fasting blood glucose >11.05 mmol-L; VI — indicates non-fasting blood glucose <11.04 mmol-L%; VII — indicates total cholesterol >5.18 mmol-L. Ethnicity*: n =123 due
to one firefighter not fitting in the three ethnic groups.
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The mean BMI for all firefighters was 29.31£5.65 kgem™ (Table 4.2), and for male firefighters
28.66+5.30 kgem, and for female firefighters 31.72+6.34 kgem™. There was a significant
difference in BMI between male and female firefighters [U = 889.00, p = 0.018]. The mean
BMIs for the age groups 20-29 years, 30-39 years, 40-49 years, and 50-65 years were
25.65+3.56, 28.99+5.38, 31.38+5.38, and 32.18+6.36 kgem™, respectively. There was a
significant difference in BMI between age groups [H(3) = 20.41, p < 0.001]. The mean BMIs
for White, Coloured and Black firefighters were 30.79£5.88, 29.11+5.75, and 28.94+5.44
kgem, respectively. There was no significant difference in BMI based on ethnicity [H(2) =

1.87, p = 0.392].

The mean WC for all firefighters was 96.41+14.2 cm (Table 4.2), and for male firefighters
96.09+14.21 cm, and for female firefighters 97.59+14.37 cm. There was no significant
difference in WC between male and female firefighters [U = 1229.50, p = 0.785]. The mean
WC of firefighters increased with age, with the age-group 20-29 years having 86.32+9.80 cm,
the 30-39 years with 94.62+£13.10 cm, the 40-49 years with 102.49+13.17 cm, and the 50-65
years with 106.90+£14.39 cm. There was a significant difference in WC by age group [H(3) =
28.55, p < 0.001]. The mean WCs for White, Coloured and Black firefighters were
100.63+13.48, 97.14+14.25, and 92.36+£14.04 cm, respectively. There was no significant

difference in WC based on ethnicity [H(2) = 5.92, p = 0.052].

The mean WHR for all firefighters was 0.90£0.09, and for male and female firefighters,
0.91+0.08 and 0.85+0.66, respectively. There was a significant difference in WHR between
male and female firefighters [U = 679.00, p < 0.001]. The mean WHRs were age-related, and
for age groups 20-29 years, 30-39 years, 40-49 years and 50-65 years they were 0.85+0.06,
0.88+0.65, 0.93+0.11 and 0.97+0.05, respectively. There was a significant difference in WHR

between age groups [H(3) = 30.41, p < 0.001]. The mean WHR for Coloured, White and Black
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firefighters were 0.92+0.09, 0.92+0.07 and 0.85+0.07, respectively. There was a significant

difference in WHR between ethnic groups [H(2) = 15.99, p < 0.001].

The mean SBP for all firefighters was 121.69+15.15 mm Hg, and the mean DBP was
77.10+£11.69 mm Hg (Table 4.2). The mean SBPs for male and female firefighters were
123.06+15.29 mm Hg and 116.54+13.70 mm Hg, respectively, and the mean DBPs for male
and female firefighters were 78.10+£11.46 mm Hg and 73.31+11.95 mm Hg, respectively. There
was no significant difference in SBP [U = 978.00, p = 0.069] or DBP [U = 97.00, p = 0.056].
The mean SBP and DBP for the age-group 20-29 years were 117.50+11.62 and 71.92+10.26
mm Hg, respectively. In the age-group 30-39 years the mean SBP and DBP were 119.16+13.73
and 75.75+11.47 mm Hg, respectively. In the age-group 40-49 years the mean SBP and DBP
were 127.93+16.73 and 83.33£12.04 mm Hg, respectively. And, in the age-group 50-65 years
the mean SBP and DBP were 125.20+18.34 and 77.87+8.99 mmHg, respectively. There was a
significant difference in both SBP [H(3) = 7.82, p = 0.050] and DBP [H(3) = 12.44, p = 0.006]
based on age-group. The mean SBP and DBP for White firefighters were 123.24+13.78 and
77.62+8.73 mm Hg, Coloured firefighters were 121.63+14.89 and 78.89+11.86 mm Hg, and
for Black firefighters were 121.19+16.99 and 72.81+12.36 mm Hg, respectively. There was no
significant difference in SBP [H(2) = 0.51, p = 0.774] or DBP [H(2) = 3.64, p = 0.162] based

on ethnic groups.

The mean NFBG concentration was 5.93+2.24 mmoleL* for all firefighters, with male
firefighters having 6.01+2.48 mmol-L?, and female firefighters having 5.65+0.95 mmoleL*
(Table 4.2). No significant difference in NFBG was found between male and female firefighters
[U=126.00, p = 0.961]. The mean NFBG was 5.81+0.93 mmolsL* in the age-group 20-29
years, 5.34+0.87 mmol<L? in the 30-39 years, 6.87+3.91 mmol-L' in the 40-49 years, and
10.63+2.16 mmol-Lin the 50-65 years. There was no significant difference in NFBG between

age groups [H(3) = 5.56, p = 0.135]. The mean NFBG concentration was highest in White
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firefighters with 6.47+4.08 mmoleL, followed by Black firefighters with 5.88+2.13 mmoleL"
1 and lowest in Coloured firefighters with 5.78+1.41 mmol<L. There was no significant

difference in NFBG between ethnic groups [H(2) = 0.28, p = 0.871].

The mean TC was 4.92+0.96 mmol-L for all firefighters (Table 4.2), and for male and female
firefighters, 4.93+0.99 and 4.84+0.79 mmolsL™?, respectively. There was no significant
difference in TC between male and female firefighters [U = 1255.50, p = 0.909]. The mean TC
concentration was 4.46+0.92 mmol-L* for the age-group 20-29 years, 5.03+0.92 mmoleL™ for
the 30-39 years, 5.13+0.96 mmol-L™ for the 40-49 years, and 4.79+1.12 mmolsL* for the 50-
65 years. There was a significant difference in TC between age groups [H(3) = 12.44, p =
0.006]. Coloured firefighters had the highest mean TC with 5.02+0.94 mmol-L?, followed by
white firefighters with 4.96+1.13 mmolsL?, and black firefighters with 4.68+0.87 mmolsL.

There was no significant difference in TC between ethnic groups [H(2) = 3.23, p = 0.199].
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Table 4.2: CAD risk factor measurements according to demographic characteristics.

Gender Age Group Ethnicity*
CAD Risk Eactor X Total Male Female value 20-29 30-39 40-49 50-65 value Coloured Black White value
SD (n=124) (n=98) (=24 P (n=24) (n=55 (n=30) (n=15) P (M=70) (=32 (n=21) P
Body massindex  x 29.31 2866 3172 gig 2565 2899 3138 3218 _jgopex 29.11 28.94 3079 0392
(kgem?) SD 5.65 5.30 6.34 3.56 553 5.38 6.36 5.75 5.33 5.88
Walist X 96.41 96.09  97.59 G T 201 B P P40 405,90 97.14 9236  100.63
‘(:(':';f];’mference SD 1419 1421 1437 (078 9.80—13.40——13.47 1439 ~0-001 14.25 14.04 1348 0052
Waist-to-hip ratio 0.90 0.91 0.85 = 0.85 0.88 0.93 0.97 i 0.92 0.85 0.92 -
) 0.09 008 o066 0001 0061l ol qil  1blos <0001 0.09 0.07 0.07 <0001
Systolic blood X 12169  123.06 116.54 ilzsolfliiodd ]l 12188 1%ko X 12163 12119  123.24
pressure (mm Hg) ~ SD 15.15 1528 1370  0.069 toiblda b dlt——hbls  0.050 14.89 16.99 1378 0.774
Diastolic blood % 77.10 7810 7331 . L, Iawd | 380 1188 | joeer 78.89 72.81 7762 4
pressure (mm Hg) SD 11.69 11.46 11.95 ) 10.26 11.47 12.04 8.99 ' 11.86 12.36 8.73 '
Nlﬁg(')fsaes““g blood - 5.03 6.01 565 (o061 5.81 5.34 687 1063 . a 578 5.88 647 17
g . SD 2.24 2.48 0.95 : 0.93 0.87 3.01 2.16 : 1.41 213 408
(mmol-L™)
Total cholesterol ~ x 4.92 4.93 4.84 4.46 5.03 513 4.79 - 5.02 4.68 4.96
(mmoleL ) ) 0.96 0.99 079 0909 0.92 0.92 0.96 11p 0006 0.94 0.87 113 0199

Note: *indicates statistically significant differences <0.05; **indicates statistically significant differences <0.01.
Ethnicity”: n = 123 due to one firefighter not falling into the three ethnic groups.
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Among all firefighters, 13.71% presented with no CAD risk factors, 29.84% had one CAD risk
factor, 19.35% had two, 23.39% had three, 5.65% had four, 6.45% had five, and 1.61% had six
risk factors (Figure 4.2). Among female firefighters, 11.54% had zero CAD risk factors,
38.46% had one, 25.92% had two, and 23.08% had three risk factors. In male firefighters,
14.29% had zero CAD risk factors, 27.55% had one, 17.35% had two, 23.47% had three, 7.14%

had four, 8.16% had five, and 2.04% had six risk factors.

40
35
m Total firefighters
30
= Male
g 25 Female
[¢B]
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Figure 4.2: Prevalence of CAD risk factors in male and female firefighters.

Figure 4.3 illustrates the prevalence of CAD risk factors according to age-group. The number
of CAD risk factors generally increased with age. In the age-group 20-29 years, 29.17% had
zero risk factors, in 30-39 years, 14.55% had zero risk factors, in 40-49 years, 3.33% had zero
risk factors, and in the age-group 50-65 years, there were no firefighters with zero risk factors.
The age-group 20-29 years had one risk factor in 41.67%, the 30-39 years had one risk factor
in 38.18%, the 40-49 years had one risk factor in 20.00%, and the 50-65 had one risk factor in

6.67%. The age-group 20-29 years had two risk factors in 29.17%, the age-group 30-39 years
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had two risk factors in 21.82%, the age-group 40-49 years had two risk factors in 10.00%, and
the 50-65 years age-group had two risk factors in 13.33%. In the age-group 20-29 years, none
had three CAD risk factors. The age-group 30-39 had three risk factors in 18.18%, the 40-49
years had three risk factors in 36.67%, and the 50-65 years had three risk factors in 53.33%.
Four CAD risk factors were absent in the age groups 20-29 and 50-65 years. The age-group
30-39 years had four CAD risk factors present in 7.27%, and the 40-49 years had four risk
factors in 10.00%. Five CAD risk factors were absent in age groups 20-29 years and 30-39
years. Five CAD risk factors were present in 16.67% in the age-group 40-49 years, and in
20.00% in the age-group 50-65 years. The two older groups were the only groups with six CAD

risk factors, with the age-group 40-49 years and the 50-65 years with 3.33% and 6.67%,

respectively.
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Figure 4.3: Prevalence of CAD risk factors in firefighters based on age-group.

Figure 4.4 illustrates the prevalence of CAD risk factors according to ethnic-group. Coloured
firefighters had zero CAD risk factors in 12.86%, followed by Black firefighters with zero risk

factors in 15.63%, and White firefighters with zero risk factors in 14.29%. Coloured
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firefighters had one risk factor in 25.71%, Black firefighters had one risk factor in 46.00%, and
White firefighters had one risk factor in 14.29%. Coloured firefighters had two CAD risk
factors in 20.00%, Black firefighters had two risk factors in 15.63%, and White firefighters had
two risk factors in 23.81%. Coloured firefighters had three CAD risk factors in 24.29%, Black
firefighters had three risk factors in 15.63%, and White firefighters had three risk factors in
33.33%. Coloured firefighters had four CAD risk factors in 5.71%, followed by Black
firefighters with 6.25%, and White firefighters with 4.76%. White and Coloured firefighters
were the only ethnic groups to have five CAD risk factors prevalent in 9.52% and 8.57%,

respectively. Coloured firefighters were the only ethnic group to have six CAD risk factors in

2.86%.
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Figure 4.4: Prevalence of CAD risk factors firefighters based on ethnicity.

A post-hoc Bonferroni correction was applied to the findings in Table 4.2 to minimize type |
error. Therefore, all effects are reported at a significance level of 0.0083 for age-group, and
0.0166 for ethnic-group. There was a significant difference in BMI between age groups 20-29

and 40-49 years (U = 134.00, p < 0.001), and between 20-29 and 50-65 years (U = 54.00, p <

http://etd Hwe.ac.zal



0.001) (Table 4.3). Similarly, WC was significantly different between age groups 20-29 and
40-49 years (U = 103.00, p < 0.001), between 20-29 and 50-65 years (U = 38.50, p < 0.001),
between 30-39 and 40-49 years (U = 532.00, p = 0.007), and between 30-39 and 50-65 years
(U =206.00, p = 0.003). Significant differences were found in WHR between age groups 20-
29 and 40-49 years (U = 168.00, p = 0.001), between 20-29 and 50-65 years (U = 22.50, p <
0.001) and between 30-39 and 50-65 years (U = 108.00, p < 0.001). A significant difference
was found in DBP between age groups 20-29 and 40-49 years (U = 169.00, p = 0.001). A
significant difference was found in TC between age groups 20-29 and 30-39 years (U =
369.500, p = 0.002), and between 20-29 and 40-49 years (U = 186.00, p = 0.002). There was a
significant difference in WHR between Coloured and Black firefighters (U = 608.50, p <

0.001), and between Black and White firefighters (U = 160.50, p = 0.006).

Table 4.3: Statistically significant differences in CAD risk factors based on demographic
characteristics.

Age-group* BMI wc HC ~ WHR  SBP DBP NFBG TC

U 42550 - 42450  458.50 - 480.00 580.00  543.00 487.50 369.50

20-29vs30-39 iy 0012 0012 0032 0055 0392 0210 0065  0.002*

U 134.00 103.00 19750 168.00 214.00 169.00 355.50 186.00

20-29 vs 40-49 Sig. <0.001* <0.001 0.005% 0.001* 0.011  0.001* 0.937  0.002%

U 54.00 38.50 97.00 22.50 132.00 12450 174.00 155.00

20-29vs50-65 i <0001 <0001 0.016 <0.001* 0472 0110 0875 0484

U 59250 532.00 703.50 546.00 590.00 549.00 622.00 772.00

0-39vs4049  5ig 0033 0007 0264 0010 0030 0011 0062 0626

U 27500 206.00 356.50 108.00 342.00 372.00 32150 313.00

30-39vs50-65 v 0049 0003 0423 <0001 0312 0558 0192  0.154

u 21400 177.00 22450 14750 206.00 159.50 219.50 164.50

40-49vs50-65 G0 0701 0248 0990 0062 0646 0109 0894  0.145

Ethic Group'
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Coloured vs U 592.00 618.00 557.00 677.50 706.00 687.00 673.00 671.00
White Sig. 0.178 0.270 0.094 0.588 0.784 0.648 0.558 0.549

Coloured vs U 1113.50 873.00 968.00 608.50 1053.50 865.50 1092.00 877.50
Black Sig. 0.963 0.075 0.273  <0.001" 0.631 0.064 0.840 0.080

U 27550 20750 317.00 160.50 292,50 270.50 330.50 282.00

BlackvsWhite o0 0271 0019 0730 0008' 0427 0227 0920  0.326

Note: #indicates p < 0.0083 for age-group; "indicates p < 0.016 for ethnic group; U — indicates Man-Whitney U
test statistic; sig. — indicates significance level.

BMI — body mass index; WC — waist circumference; HC — hip circumference; WHR — waist-to-hip ratio; SBP —
systolic blood pressure; DBP — diastolic blood pressure; NFBG — non-fasting blood glucose; TC — total
cholesterol.

In Table 4.4, there was a significant moderate correlation between age and BMI (r = 0.42, p <
0.001), between age and WC (r = 0.52, p < 0.001), and between age and WHR (r = 0.52, p <
0.001). There was a significant weak correlation between age and SBP (r = 0.28, p = 0.002)
and between age and DBP (r = 0.31, p < 0.001). There was a significant strong correlation
between BMI and WC (r = 0.88, p < 0.001), a significant moderate correlation between BMI
and WHR (r = 0.54, p <0.001), between BMI and DBP (r = 0.48, p <0.001), a significant weak
correlation between BMI and SBP (r =0.33, p <0.001), and between BMI and TC (r=0.18, p
= 0.046). There was a significant moderate correlation between WC and DBP (r = 0.48, p <
0.001), a significant weak correlation between WC and SBP (r = 0.34, p < 0.001), and between
WC and TC (r = 0.21, p = 0.017). There was a significant weak correlation between HC and
WHR (r =0.24, p = 0.009), between HC and DBP (r = 0.25, p = 0.008), and between DBP and

TC (r=0.25, p = 0.006).
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Table 4.4: Relationship between the various CAD risk factors in firefighters.

Variables Age BMI we HC WHR SBP DBP  NFBG
BMI 0.42%*

e 0.52%*  0.87**

HC 0.27%%  0.81%  0.74**

WHR 0.52%%  054*%  079%%  0.24%

SBP 0.28** 033 034 017 0.28**

DBP 0.31%%  039%% 048  025%% 043 073

NFBG 0.09 0.05 0.08 -0.01 0.11 0.17 -0.04

TC 0.17 0.8~  021* 0.4 0.15 0.08 0.25%*  -0.06

Note: *indicates statistically significant correlation <0.05; **indicates statistically significant correlation <0.01.
BMI — body mass index; WC — waist circumference; HC — hip circumference; WHR — waist-to-hip ratio; SBP —
systolic blood pressure; DBP — diastolic blood pressure; NFBG — non-fasting blood glucose; TC — total
cholesterol.

In Table 4.5, male firefighters had a significant moderate correlation between age and BMI (r
=0.42, p<0.001), between age and WC (r = 0.53, p < 0.001), between age and WHR (r = 0.58,
p < 0.001), a significant weak correlation between age and SBP (r = 0.26, p = 0.010) and
between age and DBP (r = 0.28, p = 0.005). Female firefighters had a significant moderate
correlation between age and BMI (r = 0.51, p = 0.008), between age and WC (r =0.41, p =
0.036), and between age and HC (r = 0.44, p = 0.027). Male firefighters had a significant weak
correlation between BMI and SBP (r = 0.26, p < 0.001), and between BMI and DBP (r = 0.38,
p < 0.001). Female firefighters had a significant moderate correlation between BMI and SBP
(r = 0.48, p = 0.013), and between BMI and DBP (r = 0.68, p < 0.001). In male firefighters,
WC had a significant moderate correlation with DBP (r = 0.41, p < 0.001), a significant weak
correlation with SBP (r = 0.33, p = 0.001), and with TC (r = 0.25, p = 0.015). In female
firefighters, WC had a significant strong correlation with DBP (r = 0.71, p < 0.001). In male

firefighters, DBP had a significant weak correlation with TC (r = 0.29, p = 0.003).

http://etd PYwe.ac.zal



Table 4.5: Relationship between the various CAD risk factors according to gender.

Variables  Gender Age BMI wC HC WHR SBP DBP NFBG

Male 0.42**

BMI Female 0.51**

Male 0.53**  0.91**

we Female 0.41**  0.87**
HC Male 0.28**  0.79**  0.79**

Female 0.44**  0.93**  0.84**
WHR Male 0.58**  0.73**  0.86**  0.44**

Female 0.24 0.48* 0.76**  0.32
SBP Male 0.26**  0.35**  0.33**  0.23* 0.32**

Female 0.38 0.48* 0.38 047**  0.22
DBP Male 0.28**  0.38**  041**  0.27* 0.27**  0.36**

Female 0.38 0.68** _uOrfl e mOypl omm, () 53**  0.83**
NEBG Male 0.10 0.04 0.08 -0.03 -0.03 0.14 -0.05

Female -0.26 0.12 0.04 0.04 0.00 -0.00 -0.04

Male 0.19 0.05 0°25% 0.19 0.19 0.17 0.29**  -0.06

TC Female 0.01 0.07 0.10 0.05 0.03 -0.05 -0.0 -0.72

Note: *indicates statistically significant correlation <0.05; **indicates statistically significant correlation <0.01.
BMI — body mass index; WC — waist circumference; HC — hip circumference; WHR — waist-to-hip ratio; SBP —
systolic blood pressure; DBP — diastolic blood pressure; NFBG — non-fasting blood glucose; TC — total
cholesterol.

In the age-group 20-29 years, there was a significant moderate correlation between BMI and
WC (r=0.69, p <0.001), between DBP and NFBG (r = -0.55, p = 0.006), and between TC and
DBP (r = 0.41, p = 0.044) (Table 4.6). In the age-group 30-39 years, there was a significant
strong correlation between BMI and WC (r = 0.91, p < 0.001), a significant moderate
correlation between BMI and WHR (r = 0.49, p < 0.001), between BMI and DBP (r = 0.42, p
=0.001), between WC and DBP (r = 0.43, p = 0.001), a significant weak correlation between
WC and TC (r = 0.39, p = 0.011), between BMI and SBP (r = 0.29, p = 0.035), and between
BMIl and TC (r =0.27, p = 0.043). In the age-group 40-49 years, there was a significant strong

correlation between BMI and WC (r = 0.83, p < 0.001), and a significant weak correlation
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between BMI and WHR (r = 0.37, p = 0.045). In the age-group 50-65 years, there was a
significant strong correlation between BMI and WC (r = 0.90, p < 0.001), and a significant

moderate correlation between BMI and WHR (r = 0.62, p = 0.014).

Table 4.6: Relationship between the various CAD risk factors according to age-group.

Variables Age-group  Age BMI wC HC WHR SBP DBP NFBG
BMI 20-29 -0.16

30-39 0.21

40-49 0.03

50-65 0.24
wcC 20-29 0.03 0.67**

30-39 0.18 0.91**
40-49 0.29 083
50-65 0.24 AReTAExS

HC 20-29 -0.02 0.81*Fkl O.70Ff
30-39 0.23 0.84** = 0.82**
40-49 -0.38* [LhD 22X E_O.4i7E%
50-65 0.19 0.85**  0.96**

WHR 20-29 0.44* 0.38 0.86** - 0.33
30-39 0.08 0.49** . 0.68**  0.18
40-49 0.51**  0.37* 0.73**  -0.14
50-65 0.48 0.62** 0.70**  0.55*

SBP 20-29 -0.02 0.14 0.09 0.05 0.00
30-39 0.18 0.29* 0.24 0.21 0.13
40-49 0.57** 0.08 0.19 -0.30  0.29

50-65 0.35 -0.25 0.39 0.34 0.46

DBP 20-29 0.09 0.15 0.36 0.19 0.31 0.52**
30-39 0.22 0.42** 0.43** 0.29* 0.39** 0.76**
40-49 0.52** 0.17 0.34 -049  0.04 0.80**

50-65 0.18 -0.34 0.39 0.28 0.32 0.69**

NFBG 20-29 0.10 -0.21 -0.30 -0.24  -0.19 -0.29 -0.55**
30-39 0.18 0.08 0.08 0.09 0.04 0.24 0.02
40-49 0.06 0.07 0.13 -0.13  0.26 0.09 -0.08
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50-65 -0.16 0.11 0.13 0.08 0.11 0.15 0.02

TC 20-29 0.17 -0.13 -0.01 0.03 -0.38 0.19 0.41* -0.12
30-39 0.13 0.27* 0.39* 0.16 0.29* 0.14 -0.03 -0.03
40-49 -0.15 0.02 0.02 0.06 0.04 -0.21 -0.01 -0.00
50-65 -0.05 0.06 -0.13 -0.11  -0.14 -0.05 0.12 -0.12

Note: *indicates statistically significant correlation <0.05; **indicates statistically significant correlation <0.01.
BMI — body mass index; WC — waist circumference; HC — hip circumference; WHR — waist-to-hip ratio; SBP —
systolic blood pressure; DBP — diastolic blood pressure; NFBG — non-fasting blood glucose; TC — total
cholesterol.

In Coloured firefighters, there was a significant weak correlation between age and BMI (r =
0.36, p = 0.002) (Table 4.7), between age and WC (r = 0.42, p < 0.001), between age and SBP
(r =0.39, p =0.001), and between age and DBP (r = 0.32, p = 0.007). In Black firefighters,
there was a significant moderate correlation between age and BMI (r = 0.52, p = 0.002),
between age and WC (r = 0.65, p < 0.001), between age and DBP (r = 0.51, p = 0.003), and a
significant weak correlation between age and SBP (r = 0.35, p = 0.048). In White firefighters,

there was a significant moderate correlation between age and BMI (r = 0.45, p = 0.042).

In Coloured firefighters, there was a significant strong correlation between BMI and WC (r =
0.88, p<0.001), asignificant moderate correlation between BMI and DBP (r =0.44, p < 0.001),
and a significant weak correlation between BMI and SBP (r = 0.27, p = 0.023). In Black
firefighters, there was a significant strong correlation between BMI and WC (r = 0.89, p <
0.001), a significant moderate correlation between BMI and SBP (r = 0.43, p = 0.013), and
between BMI and DBP (r = 0.41, p = 0.013). In White firefighters, there was a significant
strong correlation between BMI and WC (r = 0.88, p < 0.001), a significant moderate
correlation between BMI and SBP (r = 0.45, p = 0.043), and between BMI and NFBG (r =
0.47, p=0.031). In Coloured firefighters, there was a significant moderate correlation between
WC and DBP (r = 0.49, p <0.001), and a significant weak correlation between WC and SBP

(r =0.27, p = 0.026). In Black firefighters, there was a significant moderate correlation with
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between WC and SBP (r = 0.52, p = 0.002), and between WC and DBP (r = 0.49, p = 0.004).
In White firefighters, there was a significant moderate correlation between WC and NFBG (r
=0.52, p = 0.015). In Coloured firefighters, SBP had a significant weak correlation to NFBG
(r=0.31, p=0.009). In Black firefighters, there was a significant moderate negative correlation

between DBP and NFBG (r =-0.43, p = 0.014).

Table 4.7: Relationship between the various CAD risk factors according to ethnicity.

Variables Ethnicity Age BMI WC HC WHR SBP DBP NFBG
BMI Coloured 0.36**
Black 0.52**
White 0.45*
WC Coloured 0.42** 0.88**

Black  0.65**  0.89**
White  0.66** = 0.88**

HC Coloured 0.16 0.79**  0.78**
Black  0.46** = 0.89**  0.82**
White  0.31 0.69**  0.69**
WHR Coloured 0.44** - 0.59** - (0.78** - 0.30*

Black  0.56** = 0.44* 0.69** 0.22
White  0.64** - - 0.77** - 0.90** - 0.37

SBP Coloured 0.39** 0.27* 0.27* 0.12 0.18
Black 0.35* 0.43* 0.52**  0.30 0.49**
White -0.15 0.45* 0.24 0.21 0.27

DBP Coloured 0.32**  0.44* 0.49**  0.29* 0.39** 0.76**
Black  0.51**  041* 0.49**  0.31 0.54**  0.76**
White  -0.08 0.22 0.16 0.06 0.18 0.56**

NFBG Coloured 0.21 0.06 0.06 0.01 0.05 0.31**  0.12
Black -0.28 -0.12 -0.06 -0.17  -0.02*  -0.07 -0.43*
White  0.39 0.47* 0.52* 0.28 0.56**  0.15 -0.00

TC Coloured 0.21 0.17 0.23 0.16 0.19 0.00 0.17 -0.14
Black  0.10 0.28 0.16 0.23 -0.09 0.08 0.29 -0.03
White  0.08 0.09 0.09 0.15 -0.00 0.20 0.13 0.03

Note: *indicates statistically significant correlation <0.05; **indicates statistically significant correlation <0.01.
BMI - body mass index; WC — waist circumference; HC — hip circumference; WHR — waist-to-hip ratio; SBP -
systolic blood pressure; DBP — diastolic blood pressure; NFBG — non-fasting blood glucose; TC — total
cholesterol.
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In Table 4.8, there was a significant association between gender and cigarette smoking [%(1)
=5.66,p=0.017, OR =3.42 (95% CI: 1.19, 9.81)]. The results indicate that cigarette smoking
was dependent on gender, and that male firefighters were 3.42 times more likely to be smokers

than female firefighters.

For family history, there was a significant association between firefighters in the age groups
20-29 and 40-49 years [¢*(1) = 7.22, p = 0.007, OR = 6.13 (95% CI: 1.50, 24.99)]. The results
indicate that family history was dependent on age, with firefighters in the age-group 40-49
years 6.13 times more likely to have a family history than the age-group 20-29 years. For family
history, there was a significant association between firefighters in the age groups 30-39 and
40-49 years [y%(1) = 13.79, p < 0.001, OR = 7.15 (95% CI: 2.34, 21.69)]. The age-group 40-49

years was 7.15 times more likely to have a family history than the age-group 30-39 years.

For physical inactivity, there was a significant association between the age groups 30-39 and
50-65 years [x%(1) = 5.66, p = 0.017, OR = 5.00 (95% ClI: 1.22, 20.55)]. The age-group 40-49
years was 5.00 times more likely to be physically inactive than the age-group 30-39 years.
Similarly, for physical inactivity, there was a significant association between the age groups
40-49 and 50-65 years [y2(1) = 5.41, p = 0.020, OR = 7.00 (95% CI: 1.17, 42.00)]. The age-
group 40-49 years was 7.00 times more likely to be physically inactive compared to the age-
group 50-65 years. The results also show that firefighters between 40-49 years were the most

physically inactive age-group.

For family history, there was a significant association between Black and White ethnic groups
[%%(1) = 8.40, p = 0.004, OR = 9.23 (95% CI: 1.7, 50.00)]. White firefighters were 9.23 times
more likely to have a positive family history than Black firefighters. Similarly, for family
history, there was a significant association between Coloured and Black ethnic groups [?(1) =

4.17,p=0.041, OR =4.44 (95% CI: 0.96, 20.65)]. Coloured firefighters were 4.44 times more
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likely to have family history than Black firefighters. No statistically significant associations

were found between ethnic groups for cigarette smoking or physical inactivity.
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Table 4.8: Relationship between the various CAD risk factors according to gender, age-group, and ethnicity.

Family History

Cigarette Smoking

Physical Inactivity

Category Yes No P value OR (95% CI) Yes No Pvalue OR (95% CI) Yes No P value OR (95% CI)

F’;"n"’]‘;‘ie(%gé) 27T 0807 114(038-340)  p  oi 0017* 342(L19-981) > > 0780  081(0.25-283)
2029 gg § gg >4 088 117(03-51) B oy 0857 1:00(0.40 - 2.9) D o 0149 263(068-1013)
20-29 EE - gg; S b 0007%  613(L50-2499) g 2o 0231  197(064-605) > 30 0124 368(065-2099)
2029 Ez - igg S 2 0528  057(009-329) T .0 0440 169 (044 6.46) > 10 0384  053(012-226)
30-39 8 - ggg o 1o <000L™  715(234-2169) @ 4 ST 0218 181(0.70--4.65) > 50 0698 140(025-769)
gg:gg EE - igg g ‘1‘2 0.351 0.49 (0.11 — 2.25) 2: fé 0.473 155 (0.47 —5.13) g ig 0.017*  5.00 (1.22 — 20.55)
gg:gg EQ - igg i ig 0.082 3.50 (0.82 — 14.99) g ié 0.820  0.86 (0.23 - 3.23) g ig 0.020% 7.0 (117 — 42.00)
C\‘;\'/‘r’]‘:tree‘gn(iz)o) D5 0165 048(017-137) 5o 51 0615 079(020-207) 5 S0 0577 177(036-871)
C(é;'f’;éf?n(rl 227)0) 126 gg 0.041%*  4.44 (0.96 — 20.65) 299 ‘2% 0.197  1.81(0.73-4.57) 141 gg 0.671 1.31(0.38 - 4.46)
ojack g‘] - % c % o004~ 923170-5000) ;4 0148 232(073-739) S X 078 074(012-443)

Note: *indicates statistically significant association p < 0.05; **indicates statistically significant association p < 0.01; OR (95% CI) = odds ratio (95% confidence interval).
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In Table 4.9, there was a significant association between family history and age [y%(1) = 4.17,
p =0.041, OR = 2.59 (95% CI: 1.02, 6.62)], indicating that family history was dependent on
age, with aged firefighters 2.59 times more likely to have a positive family history of CAD. A
family history was significantly associated with central obesity [x?(1) = 3.96, p = 0.047, OR =
2.41 (95% ClI: 0.99, 5.79)], where firefighters with central obesity were 2.41 times more likely
to have a family history. There was a significant association between physical inactivity and
obesity [y?(1) = 4.33, p = 0.038, OR = 2.94 (95% CI: 1.03, 8.37)], indicating physical inactivity
was dependent on obesity, with obese firefighters 2.94 times more likely to be physically
inactive. There was a significant association between hypertension and age [x%(1) = 18.01, p <
0.001, OR = 6.31 (95% CI: 2.56, 15.54)], hypertension and obesity [33(1) = 7.99, p = 0.005,
OR =3.02 (95% ClI: 1.39, 6.59)], hypertension and central obesity [¥*(1) = 7.20, p = 0.007, OR
= 2.85 (95% CI: 1.35, 6.18)], hypertension and WHR [y?(1) = 20.87, p < 0.001, OR = 6.26
(95% CI: 2.78, 14.25)], hypertension and systolic hypertension [%*(1) = 41.33, p < 0.001, OR
= 70.82 (95% CI: 8.98, 558.54)], hypertension and diastolic hypertension [y?(1) = 51.18, p <
0.001, OR = 5.15 (95% CI: 3.48, 7.63)], hypertension and diabetes [¥*(1) = 5.09, p = 0.040,
OR =4.01 (95% CI: 1.12, 14.81)], and hypertension and dyslipidemia [¢?(1) = 8.45, p = 0.004,
OR =3.09 (95% CI: 1.43, 6.72)]. The results also indicated that firefighters with hypertension
were 6.31 times more likely to have age as a risk factor, 3.02 times more likely to be obese,
2.85 times more likely to have central obesity, 6.26 times more likely to have a high WHR,
70.82 times more likely to have systolic hypertension, 5.15 times more likely to have diastolic
hypertension, 4.01 times more likely to have diabetes, and 3.09 times more likely to have

dyslipidemia.
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Table 4.9: Relationship between family history, cigarette smoking, physical inactivity, hypertension and other CAD risk factors.

Family History Cigarette Smoking Physical Inactivity Hypertension
E;il':or 2 p OR (95% Cl) e p OR (95% CI) e p OR (95% CI) v p OR (95% ClI)
Cs 0.11 0.743 1.26 (0.48 — 2.79)
Pl 271 0.120 0.22(0.03-1.62) 211 0.187 0.42(0.13-1.39)

HTN 004 0850  1.09(0.44-2.72) 074 0439 0.71(0.33-155) 004 0.833  1.12(0.38 —3.28)

SH 002 1.000  1.09(0.33-365) 034 0562 0.73(0.26—2.10) — 0.16 0693 1.31(0.34-5.13) 41.33 <0.001** 70.82 (8.98 — 558.54)
DH 088 0381  1.66(0.57-4.82) 127 0331 056(0.20 1.56) 001 1.000 1.06(0.28-4.07) 51.18 <0.001** 5.5 (3.48 —7.63)
Age 417 0041* 259(1.02-6.62) 114 0286 062(026-150) 156 0212 1.99(0.67 -596) 1801 <0.001** 6.31 (2.56 — 15.54)
OB 267 0102  2.06(0.86-4.96) 046 0.496 0.77(0.36—1.64)  4.33 0.038* 2.94(1.03-8.37) 7.99 0.005**  3.02(1.39 - 6.59)
CO 396 0047* 241(0.99-579) 020 0654 0.84(0.39-1.78) 084 0360 164(058-453) 720 0.007** 2.85(1.31-6.18)
WHR 013 0721  118(048-2.87) 0.84 0359 0.70(0.33-150) 1.15 0283 1.75(0.62-4.93) 20.87 <0.001** 6.26 (2.78 — 14.25)
DM 029 0590  1.47(0.36-597) 076 0.384 055(0.14-217) 020 0651 145(0.29 7.38) 509 0.040%  4.01(1.12 - 14.81)

DLP 005 0826  1.11(0.46-2.67) 0.08 0.852 0.89(0.43-1.88) 006 1.000 1.04(0.37-2.95) 845 0.004**  3.09 (143 6.72)

Note: * indicates statistically significant association p < 0.05; ** indicates statistically significant association p < 0.01; OR (95% CI) = odds ratio (95% confidence interval);
PR

¥* = Chi square

P1 — physical inactivity; CS — cigarette smoking; OB — obesity; CO — central obesity; WHR — waist-to-hip ratio; HTN — hypertension; SH — systolic hypertension; DH — diastolic

hypertension; DM — diabetes mellitus; DLP — dyslipidemia.
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In male firefighters, there was a significant association between hypertension and age [x*(1) =
17.27, p < 0.001, OR = 6.84 (95% CI: 2.63, 17.79)], hypertension and obesity[y*(1) = 10.93, p
<0.001, OR = 4.41 (95% CI: 1.78, 10.94)], hypertension and central obesity [y?(1) = 7.62, p =
0.006, OR = 3.49 (95% CI: 1.41, 8.85)], hypertension and WHR [y%(1) = 4.58, p < 0.001, OR
= 3.89 (95% CI: 1.05, 14.41)], hypertension and diabetes [x*(1) = 4.58, p = 0.032, OR = 3.55
(95% CI: 1.05, 14.41)] and hypertension and dyslipidemia [¢?(1) = 8.49, p = 0.004, OR = 3.55
(95% CI: 1.49, 8.49)] (Table 4.10). Male firefighters who were hypertensive were 6.84 times
more likely to be aged, 4.41 times more likely to be obese, 3.49 times more likely to have
central obesity, 5.60 times more likely to have a high WHR, 3.89 times more likely to have
diabetes, and 3.55 times more likely to have dyslipidemia. In female firefighters, there was a
significant association between hypertension and WHR [»*(1) = 7.39, p = 0.021, OR = 16.80
(95% CI: 1.60, 176.23)], with females who had a high WHR also 16.80 times more likely to
be hypertensive. Based age-group Hypertension had a significant association with WHR in the
age groups 30-39 [x?(1) = 12.21, p < 0.001, OR = 9.71 (95% Cl: 2.41, 34.82)] and 40-49 years
[¥*(1) = 4.82, p = 0.028, OR = 5.50 (95% Cl: 1.15, 26.41)], with the age-group 30-39 years
9.71 times, and the age-group 40-49 years 5.50 times more likely to be hypertensive, if they
had a high WHR. In the age-group 50-65 years, there was a significant association between
hypertension and dyslipidemia [y?(1) = 5.53, p = 0.041, OR = 18.00 (95% Cl: 1.27, 255.74)],

where firefighters who had dyslipidemia were 18.00 times more likely to be hypertensive.
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Table 4.10: Relationship between hypertension and other CAD risk factors according to gender and age-group.

Hypertension

Risk Gender Age Group
Factor Male Female 20-29 30-39 40-49 50-65
Age Positive (%) 19.39 0 0 0 36.66 0

N 17.27 0 0 0 8.57 0

p value <0.001** 0 0 0 0.003** 0

OR (95% CI) 6.84 (2.63 — 17.79) 0 0 0 11.00 (1.99 — 60.57) 0
OB Positive (%) 18.37 15.38% 0 14.55 30.00 33.33

N 10.93 0.042 0.31 3.06 0.54 0.58

p value <0.001** 1.000 1.000 0.080 0.464 0.619

OR (95% CI)  4.41 (1.78 — 10.94) 1.20 (0.21 - 6.88) 0 2.90 (0.86 - 9.78) 1.71 (0.40 — 7.29) 2.22 (0.28 — 17.63)
co Positive (%) 16.33 23.08 0 14.55 30.00 33.33

N 7.62 1.75 0.31 2.38 0.54 0.58

p value 0.006** 0.357 1.000 0.211 0.464 0.619

OR (95% CI) 3.49 (1.41 — 8.65) 4.36 (0.44 — 43.72) 0 2.55 (0.77 - 8.48) 1.71 (0.40 — 7.29) 2.22 (0.28 — 17.63)
WHR  Positive (%) 20.41 23.08 0 18.18 33.33 40.00

N 14.74 7.39 0.31 12.21 4.82 0.02

p value <0.001** 0.021* 1.000 <0.001** 0.028* 1.000

OR (95% CI) 5.60 (2.25 — 13.99) 16.8 (1.6 —176.23) 0 9.17 (2.41- 34.82) 5.50 (1.15 — 26.41) 1.20 (0.12 — 11.87)
DM Positive (%) 7.14 0 0 0 16.66 13.33

N 4.58 0 0 0.42 3.33 0.02

p value 0.032* 0 0 1.000 0.169 1.000

OR (95% CI) 3.89 (1.05 — 14.41) 0 0 0 7.00 (0.72 — 69.49) 0.83 (0.08 — 8.24)
DLP Positive (%) 21.43 11.54 0 14.55 33.33 40.00

N 8.49 0.29 0.31 0.62 1.22 5.53

p value 0.004** 0.661 1.000 0.431 0.269 0.041*

OR (95% Cl) 3.55 (1.49 — 8.49) 1.63 (0.027 — 9.66) 0 1.60 (0.49 — 5.17) 2.29 (0.52-10.01)  18.00 (1.27 — 255.74)

Note: *indicates statistically significant association p < 0.05; **indicates statistically significant association p < 0.01; OR (95% CI) = odds ratio (95% confidence interval), x2

= Chi square; Positive (%) — both risk factors are positive.

P1 — physical inactivity; CS — cigarette smoking; OB — obesity; CO — central obesity; WHR — waist-to-hip ratio; HTN — hypertension; SH — systolic hypertension; DH — diastolic

hypertension; DM — diabetes mellitus; DLP — dyslipidemia.
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In Coloured firefighters, there was a significant association between hypertension and age
[¥%(1) = 9.05, p = 0.003, OR =5.43 (95% ClI: 1.71, 17.24)], between hypertension and obesity
[¥%(1) = 21.43, p = 0.006, OR = 7.48 (95% CI: 2.56, 15.54)], between hypertension and central
obesity [¥%(1) = 21.43, p = 0.006, OR = 4.09 (95% CI: 1.45, 11.52)], between hypertension and
WHR [y%(1) = 14.13, p < 0.001, OR = 7.35 (95% CI: 2.47, 21.86)], and between hypertension
and dyslipidemia [x%(1) = 7.46, p = 0.006, OR = 7.46 (95% CI: 1.45, 11.31)] (Table 4.11).
Furthermore, Coloured firefighters who were older, obese, centrally obese, with a high WHR
and dyslipidemic were 5.43, 7.48, 4.09, 7.35 and 7.46 times more likely to be hypertensive,
respectively. In White firefighters, there was a significant association between hypertension

and WHR [X(1) = 23.80, p = 0.046, OR = 13.75 (95% Cl: 1.21, 156.65)], where White

firefighters with a high WHR were 13.75 times more likely to be hypertensive.

Table 4.11: Relationship between hypertension and other CAD risk factors according to

ethnicity.
Hypertension
. Ethnicity
Risk Factor Test Statistics Coloured Black White
Age Positive (%) 17.14 9.38 19.00
¥2 9.05 4.97 4.20
p value 0.003** 0.057 0.120
OR (95% CI) 5.43 (1.71 - 17.24) 11.00(0.96 — 125.77) 8.00 (0.96 — 66.45)
Obesity Positive (%) 21.43 9.38 19.00
¥? 7.48 0.03 1.94
p value 0.006** 1.000 0.331
OR (95% CI) 4.09 (1.45-11.52) 1.14 (0.22 - 5.93) 4.00 (0.537 — 29.810
CO Positive (%) 21.43 9.38 19.00
¥? 7.48 0.03 1.94
p value 0.006** 1.000 0.331
OR (95% CI) 4.09 (1.45 -11.52) 1.14 (0.22 - 5.93) 4.00 (0.537 — 29.810
WHR Positive 24.29 12.50 23.8
v 14.13 1.65 5.62
p value <0.001** 0.226 0.046*
OR (95% CI) 7.35 (2.47 — 21.86) 2.88 (0.56 — 14.94) 13.75 (1.21 -
156.65)
DM Positive 7.14 6.25 0
¥? 3.92 5.45 0.88
p value 0.093 0.073 1.000
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OR(95% Cl)  5.00 (0.89 — 27.96) 0 0

DLP Positive 24.28 12.50 14.29
x 7.46 0.56 0.51
p value 0.006** 0.681 0.63

OR (95% CI) 4.05 (1.45-11.31) 1.83(0.37 - 8.94) 2.00 (0.29 — 13.74)
Note: *indicates statistically significant association p < 0.05; **indicates statistically significant association p <
0.01; OR (95% CI) = odds ratio (95% confidence interval), x> = Chi square; Positive (%) — both risk factors are
positive.
Pl — physical inactivity; CS — cigarette smoking; CO — central obesity; WHR — waist-to-hip ratio; HTN —
hypertension; SH — systolic hypertension; DH — diastolic hypertension; DM — diabetes mellitus; DLP —
dyslipidemia.

In Table 4.12, family history had a significant association with age [x? (1) = 4.17, p = 0.041,
OR = 2.8 (95% CI: 1.09, 7.55)] in male firefighters. This indicated family history was
dependent on age in male firefighters, with aged male firefighters 2.78 times more likely to
have a family history of CAD. A family history also had a significant association with obesity
[¥%(1) = 5.42, p = 0.021, OR = 3.14 (95% ClI: 1.26, 8.49)] and central obesity [x*(1) = 6.66, p =
0.010, OR = 3.61 (95% CI: 1.32, 9.99)] in male firefighters. This indicated that family history
was dependent on obesity and central obesity in male firefighters, with obese male firefighters
3.14 times more likely to have family history, and males with central obesity 3.61 times more
likely to have family history. There were no significant associations found between gender and

the other CAD risk factors.
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Table 4.12: Relationship between family history, cigarette smoking, physical inactivity and other CAD risk factors according to gender.

Family History

Cigarette Smoking

Physical Inactivity

Risk Factor
Gender e p value OR (95% ClI) 1 p value OR (95% CI) v pvalue OR (95% CI)
cs Male 061 0437  1.47(0.56 —3.86)
Female 147 0545  1.31(1.03-1.67)
oI Male  4.09  0.043* 120(1.09-1.33) 121 0271  0.50(0.14 - 1.75)
Female 010  1.000 150(0.12-18.44) 1.13 0289  1.29(1.03-1.62)
. Male 532  0021* 3.14(1.26-849) 0.00 ~ 0972 ~ 1.02(0.43 ~2.39) 342 0064  2.97(0.90-9.73)
obesity
Female 048 0635 0.50(0.07_3.65) 048  0.635  0.50(0.07 — 3.65) 085 0598  3.00(0.27-33.49)
Male  6.66 0010 3.61(1.32-9.89) 019 0663 1.21(0.51 - 2.89) 057 0452  1.59 (0.47 —5.34)
co
Female 0o 1000 0.75(0.10 -558) 008  1.000  0.75(0.10 —5.58) 019 1000 1.71(0.15-19.36)
WHR Male 101 0315 1.66(0.62-4.46) 147 = 0226  0.59(0.25-1.39) 1.05  0.307  1.84(0.57 - 6.01)
Female 126  0.261 0.28(0.03-2.89) 079 0620  2.44(0.33-17.91) 012  1.000  1.44(0.17 -12.23)
HTN Male 014 0797 1.21(0.44-3.28) 331  0.069  0.45(0.19-1.07) 010  1.000  0.82(0.23 - 2.87)
female 015  1.000 0.63(0.06-6.80) 344 0106  6.38(0.79 - 51.78) 128 0287  3.4(0.38-30.66)
SH Male 008  1.000 0.82(0.21-3:19) - 0.42 0515 - 0.:69 (0.23 —2.09) 001  1.000  0.92(0.18 - 4.62)
Female 132 0354 5.00(0.26-97.69) 052 1000 1.11(0.96-1.27) 199 0289  7.00(0.34-144.06)
Male 235 0125 2.40(0.77-7.25) - 199 0158 - 0.45(0.15 - 1.39) 097 0455  0.36(0.04 - 2.97)
DH
Female 113 0289 1.24(1.00-1.52) 0.0  1.000 1.50(0.12 - 18.44) 435 0099  10.00(0.87-114.75)
Male 025  0.698 1.44(0.35-598) 156  0.336  0.42(0.11 - 1.69) 026 0610  1.54(0.29 —8.06)
DM
Female 237 0192 080(052-1.24) 025  1.000 1.05(0.95 1.16) 019 1000  1.05(0.96-1.15)
bLP Male 037 0545 1.35(051-356) 034 056  0.79(0.35-1.77) 012 0735  1.22(0.38-3.96)
Female 058 0628  0.41(0.04-4.31) 0.08  1.000 1.33(0.18-9.91) 019 1000  0.58(0.05-6.59)

Note: *indicates significant association p < 0.05; **indicates significant association p < 0.01; OR (95% CI) = odds ratio (95% confidence interval); ¥?> = Chi square
Pl — physical inactivity; CS — cigarette smoking; CO — central obesity; WHR — waist-to-hip ratio; HTN — hypertension; SH — systolic hypertension; DH — diastolic
hypertension; DM — diabetes mellitus; DLP — dyslipidemia.
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A significant association was found between cigarette smoking and physical inactivity [x? (1)
=5.34,p=0.041, OR = 1.63 (95% CI: 1.06, 2.49)] in the age-group 20-29 years (Table 4.13).
This indicated that cigarette smoking was dependent on physical inactivity, where smokers in
the age-group 20-29 years were 1.63 times more likely to be physically inactive compared to
non-smokers. Furthermore, in the age-group 20-29 years, there was a significant association
between family history and central obesity [? (1) = 9.19, p = 0.032, OR = 40.00 (95% ClI: 1.75,
914.79)]. A family history was dependent on WC, where firefighters in the age-group 20-29
years who had central obesity were 40.00 times more likely to have a family history of CAD.
There were no significant associations between the other age groups and the other CAD risk

factors.
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Table 4.13: Relationship between family history, cigarette smoking, physical inactivity and other CAD risk factors according to age-group.

Family History

Cigarette Smoking

Physical Inactivity

Risk Factor
Age ¥? pvalue OR (95% CI) e pvalue  OR (95% ClI) 1 pvalue OR (95% CI)
CS 20-29 0.22 1.000 0.55 (0.04 — 7.03)
30-39 1.45 0.387 2.90 (0.48 — 17.38)
40-49 2.07 0.236 3.25(0.63 - 16.79)
50-65 1.88 0.505 1.71 (1.06 — 2.77)
Pl 20-29 0.33 0.521 2.13 (0.15 — 29.66) 5.34 0.041* 1.63 (1.06 — 2.49)
30-39 0.67 1.000 1.11(1.01-1.22) 0.59 0.643 2.07 (0.32 -13.51)
40-49 1.88 0.485 2.00 (1.38 - 2.89) 0.92 1.000 1.11 (0.96 - 1.27)
50-65 1.88 0.505 1.43(0.95-2.14) 0.60 0.600 0.38 (0.03 - 4.71)
obesity 20-29 1.36 0.343 4.75 (0.29 — 78.74) 0.22 0.642 0.55 (0.04 - 7.03) 4.37 0.099 12.00 (0.81 —177.44)
30-39  0.00 1.000  1.03(0.17 —6.24) 0.44 0.570 1.47 (0.47 - 4.56) 0.13 1.000  1.42(0.22 -9.33)
40-49  1.27 0299  2.31(0.53-10.09) 0.41 0694  0.60(0.12 - 2.89) 1.88 0485  2.00 (1.38 —2.89)
50-65  0.60 0569  0.36 (0.035.11) 0.54 0427  0.44(0.05 - 3.98) 2.14 0282  6.00 (0.48 — 75.34)
CcO 20-29 9.19 0.032* 40.00 (1.75-914.79) 0.59 0.576 2.67 (0.21-34.19) 0.33 0.521 2.13(0.15 - 29.66)
30-39  0.00 1.000  0.94(0.16 - 5.67) 0.03 1.000 0.91 (0.29 — 2.79) 0.07 1.000  1.29 (0.19 - 8.50)
40-49 127 0299  2.31(0.53-10.09) 0.41 0.694 0:60 (0.12 = 2.89) 1.88 0.485  2.00(1.38 - 2.89)
50-65  0.60 0569  0.36(0.03-5.11) 0.13 1.000 ~ 1.50(0.17 - 13.23) 0.13 1.000  1.50(0.17 - 13.23)
WHR 20-29 1.36 0.343 4.75 (0.29 — 78.74) 0.59 0.576 2.67 (0.21 -34.19) 0.33 0.569 2.13 (0.15 - 29.66)
30-39 050 0.660  0.45(0.05 —4.22) 0.00 1.000 1.01 (0.31 - 3.25) 0.32 0622  1.71(0.26 —11.38)
40-49  0.15 0730  0.75(0.18 - 3.17) 3.09 0118  0.21(0.04 - 1.29) 2.45 0209  2.33(1.52-3.58)
50-65  0.09 1.000  0.67 (0.04 — 10.25) 0.17 1.000 1.71 (0.13 - 22.51) 0.68 0560  0.38 (0.04 — 3.99)
HTN 20-29  0.31 1.000  1.11(0.96 - 1.27) 0.00 1.000 1.20 (1.01 - 3.25) 1.13 0380 4.5 (0.23 - 88.24)
30-39 0.50 0.660 0.45 (0.05 - 4.22) 0.11 0.771 0.82 (0.24 —2.72) 0.22 1.000 0.58 (0.06 — 5.67)
40-49 0.54 0.715 0.58 (0.14 — 2.48) 0.16 1.000 0.73 (0.15 - 3.49) 2.14 1.000 2.15(1.45-3.21)
50-65  0.27 1.000  2.00(0.14 - 28.42) 0.54 0.608  0.44 (0.05 - 3.98) 0.54 0.608 0.4 (0.05 - 3.98)
SH 20-29 0.31 1.000 1.11 (0.96 — 1.27) 0.02 1.000 1.20 (0.07 - 21.72) 1.13 0.380 4.50 (0.23 —88.24)
30-39 0.67 1.000 1.11(1.01-1.22) 0.03 1.000 0.85 (0.13 —5.53) 0.79 0.391 2.88 (0.26 — 32.26)
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40-49  3.68 0.544 0.60 (0.12 — 2.89) 0.13 0.719 0.71(0.11 - 4.47) 0.59 0.469 3.00 (0.17 — 54.57)

50-65  0.42 0516  2.50(0.15—42.80) 0.00 1.000  1.00(0.07 —14.64) 1.88 0505  1.43(0.95-2.14)
DH 20-29 0 0 0 0 0 0 0 0 0
30-39 0.1 1.000  0.89 (0.09 - 8.57) 0.92 0486  0.49(0.11-2.14) 0.01 1.000  1.14(0.11-11.44)
40-49  0.27 0709  0.67(0.14-3.11) 0.00 1.000  1.00(0.19 -5.24) 4.29 0103  3.50 (1.95 - 6.29)
50-65  4.29 0200  0.67(0.30 —1.48) 0.54 1.000  1.11(0.90-1.37) 0.54 1.000  1.11(0.90 - 1.37)
DM 20-29 0 0 0 0 0 0 0 0 0
30-39 0.3 1.000  1.02(0.98 —1.06) 1.32 0.436 . 0.96 (0.88 — 1.04) 0.10 1.000  1.02(0.98 —1.062)
40-49 054 0657 050 (0.77 - 3.27) 0.64 0.637-0.40(0.04 - 4.02) 0.54 1.000  1.27 (1.05 - 1.54)
50-65  0.09 1.000  1.50 (0.09 - 23.07) 0.17 1.000  0.58 (0.04 — 7.66) 0.68 0560  2.67 (0.25 - 28.44)
DLP 20-29 1.36 0343  4.75(0.29 - 78.74) 0.59 0439  2.67(0.21 -34.19) 0.90 1.000  1.19(0.98 —1.44)
30-39 175 0383  0.25(0.03 - 2.26) 0.00 0984  0.99(0.34-2091) 0.07 1.000  0.92(0.14-6.01)
40-49 048 0491  0.60(0.14 — 2.58) 0.01 1.000  0.94(0.19 - 4.52) 1.64 0492  1.87(1.32-2.64)
50-65  0.60 0438  2.80(0.19 —40.06) 0.13 1.000  0.67 (0.08 - 5.88) 0.54 0608  2.25(0.25-20.13)

Note: *indicates statistically significant association p < 0.05; **indicates statistically significant association p < 0.01; OR (95% CI) = odds ratio (95% confidence interval), 32
= Chi square

P1 — physical inactivity; CS — cigarette smoking; CO — central obesity; WHR — waist-to-hip ratio; HTN — hypertension; SH — systolic hypertension; DH — diastolic hypertension;
DM - diabetes mellitus; DLP — dyslipidemia.
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In Coloured firefighters, there was a significant association between family history and age
[¥3(1) = 6.40, p = 0.020, OR = 4.40 (95% CI: 1.33, 14.56)] (Table 4.14). Aged Coloured
firefighters were 4.40 times more likely to have family history. In Coloured firefighters, there
was also a significant association between physical inactivity and obesity [x?(1) = 3.92, p =
0.048, OR = 3.68 (95% CI: 0.96, 14.13)], where physical inactivity was dependent on being
obese, and obese coloured firefighters were 3.68 times more likely to be physically inactive. In
White firefighters, there was a significant association between family history and obesity [?(1)
=5.45, p = 0.032, OR = 10.00 (95% CI: 1.28, 78.12)] and also between family history and
central obesity [x?(1) = 5.45, p = 0.032, OR = 10.00 (95% CI: 1.28, 78.12)]. The results showed
family history was dependent on both obesity and central obesity, with White firefighters 10.00
times more likely to have family history, if they were obese or had central obesity. There were

no significant associations between ethnicity and the other CAD risk factors.
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Table 4.14: Relationship between family history, cigarette smoking, physical inactivity and other CAD risk factors according to ethnicity.

Family History

Cigarette Smoking

Physical Inactivity

Risk Factor —
Ethnicity a p value OR (95% CI) ¥2 p value OR (95% Cl) v p value OR (95% Cl)
CS Coloured 0.13 0.716 0.81 (0.26 — 2.55)
Black 0.84 1.000 143 (1.13-1.81)
White 1.15 0.387 2.67 (0.43-16.39)
Pl Coloured 1.40 0.436 0.29 (0.04 — 2.49) 1.08 0.299 0.48 (0.12 —1.98)
Black 0.31 1.000 1.15 (1.00- 1.33) 1.79 0.303 1.21 (1.00 — 1.46)
White 1.36 0.505 1.18 (0.94 — 1.49) 0.00 1.000 1.11(0.06 — 20.49)
Age Coloured  6.40 0.020*  4.40 (1.33 — 14.56) 186 0173  0.45(0.14- 1.44) 0.78 0379  1.84(0.47-7.21)
Black 0.99 0.395 1.15(1.00 — 1.33) 1.08 0.557 3.00(0.35 — 25.46) 0.65 1.000 1.17 (1.00 - 1.36)
White 0.40 0.656 0.53 (0.08 — 3.76) 1.53 0.361 0.30 (0.04 — 2.11) 4.42 0.100 3.80 (1.79 — 8.06)
Obesity Coloured  0.00 0.973 1.02 (0.32 - 3.23) 0.01 0.909 1.06 (0.39 — 2.83) 3.92 0.048*  3.68 (0.96 — 14.13)
Black 0.35 0.534 2.33(0.13 - 41.55) 0.48 0.681 0.54 (0.09 — 3.21) 0.75 0.572 2.50 (0.29 — 20.92)
White 5.45 0.032* 10.00(1.28 —78.12) 1.29 0.387 0.36 (0.06 — 2.16) 0.05 1.000 1.38 (0.07 — 25.43)
(6{0) Coloured 0.24 0.628 1.32 (0.43 - 4.10) 0.17 0.685 1.22 (0.46 — 3.24) 1.41 0.236 2.17 (0.59 — 7.98)
Black 0.35 0.534 2.33(0.13 - 41.55) 0.48 0.681 0.54 (0.09 —3.21) 0.08 1.000 0.70 (0.06 — 7.74)
White 5.45 0.032*  10.00 (1.28 — 78.12) 1.29 0.387 0.36 (0.06 — 2.16) 0.05 1.000 1.38 (0.07 — 25.43)
WHR Coloured 0.31 0.579 0.71 (0.22 - 2.35) 0.15 0.698 0.82 (0.31 —2.21) 1.69 0.193 2.34 (0.64 — 8.62)
Black 0.51 0.490 2.75(0.15 - 49.36) 0.22 1.000 0.65 (0.11- 3.97) 0.02 1.000 0.83 (0.08 —9.25)
White 0.27 0.673 1.60 (0.27 — 9.49) 1.29 0.387 0.36 (0.06 — 2.16) 0.05 1.000 1.38 (0.07 — 25.43)
HTN Coloured 0.00 0.973 1.02 (0.32 - 3.23) 0.79 0.374 0.64 (0.23 - 1.73) 0.00 1.000 0.96 (0.25 — 3.66)
Black 0.51 0.477 2.75(0.15 - 49.36) 0.17 0.682 1.42 (0.27 - 7.52) 1.08 1.000 3.00 (0.35 — 25.46)
White 0.08 1.000 0.75(0.10 — 5.47) 0.69 0.635 0.44 (0.06 — 3.16) 0.88 1.000 1.46 (1.08 — 1.98)
SH Coloured 0.02 0.878 1.14 (0.21 - 6.30) 3.12 0.078 0.17 (0.20 — 1.49) 0.59 0.443 1.96 (0.34 - 11.29)
Black 0.99 0.395 4.00 (0.22 - 73.62) 0.96 0.370 2.38 (0.41 - 13.75) 0.03 0.872 1.22 (0.11 - 13.97)
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White

DH Coloured

Black
White

DM Coloured
Black

White

DLP Coloured
Black

White

0.03

0.05

0.22
3.59

0.14
0.14

0.13

0.27
0.97

0.00

1.000

0.816

1.000
0.133

0.704
1.000

1.000

0.600
1.000

1.000

0.79 (0.06 — 10.38)

1.17 (0.32 - 4.28)

1.11 (0.99 — 1.25)
0.75 (0.50 — 1.12)

1.40 (0.25 - 8.01)
1.07 (0.97 - 1.18)

1.71 (0.09 - 31.92)

1.35 (0.44 — 4.13)
1.50 (1.17 ~ 1.93)

0.96 (0.16 — 5.90)

0.51

0.89

0.04
2.01

2.36
0.84

2.43

0.06
0.06

0.53

0.586

0.347

1.000
0.476

0.124
1.000

0.214

0.939
0.938

0.659

2.50 (0.19 - 32.80)

0.57 (0.17 — 1.86)

1.31 (0.10 — 16.56)
1.22 (0.93 - 1.62)

0.21 (0.02 - 1.83)
1.09 (0.97 - 1.24)

0.80 (0.59 — 1.09)

1.04(0.39 = 2.70)
0.94 (0.18 — 4.79)

0.51 (0.09 - 3.12)

0.37

0.16

131
0.23

0.97
0.31

0.23

0.01
0.18

0.13

1.000

0.688

0.340
1.000

0.324
1.000

1.000

0.932
1.000

1.000

1.18 (0.98 — 1.44)

0.71 (0.14 — 3.70)

4.33(0.29 - 63.29)
1.12 (0.96 — 1.30)

2.40 (0.40 — 14.31)
1.07 (0.97 - 1.19)

1.12 (0.96 — 1.30)

1.01 (0.29 - 3.55)
0.60 (0.06 — 6.57)

1.71 (0.09 - 31.92)

Note: *indicates significant association p < 0.05; **indicates significant association p < 0.01; OR (95% CI) = odds ratio (95% confidence interval); %> = Chi square.
PI — physical inactivity; FH — family history; CS — cigarette smoking; CO — central obesity; WHR — waist-to-hip ratio; HTN — hypertension; SH — systolic hypertension; DH —
diastolic hypertension; DM — diabetes mellitus; DLP — dyslipidemia.
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CHAPTER FIVE: DISCUSSION

5.1. Introduction
This section discusses the prevalence of CAD risk factors among firefighters in the City of
Cape Town Fire and Rescue Service, as well as the correlations and associations between the

various CAD risk factors according to gender, age-group and ethnicity.

5.2. Prevalence of Coronary Artery Disease Risk factors in Firefighters

The study found that 86.29% of firefighters had one CAD risk factor, 56.45% had two risk
factors and 36.29% had three risk factors occurring simultaneously. This prevalence of CAD
risk factors is similar to the results reported by Gendron et al. (2018a), where 85% of
firefighters had at least one or more risk factors present, other than age, and 59.1% reported
two or more risk factors. Similarly, Martin et al. (2019) found 94.6% of volunteer firefighters
reported at least one CAD risk factor, 68% had two or more risk factors, and 51.4% had three
or more risk factors. Smith et al. (2012) reported 20.41% of firefighters had one or less risk
factors, and that 45.92% of firefighters had two or more risk factors. The importance of
determining the number of CAD risk factors is that the presence of two or more risk factors
stratifies the individual as being at moderate risk for CAD that is contrary to optimal health
and work performance, and increases the risk of sustaining a cardiovascular emergency

(ACSM, 2014, p. 28).

Female firefighters reported higher percentages for one (38.46%) and two (25.92%) CAD risk
factors compared to male firefighters, but had similar percentages for three risk factors.
However, only male firefighters had four or more risk factors. Gendron et al. (2018b) reported
73% of female firefighters had at least one modifiable CAD risk factor, and 22% had at least

two modifiable risk factors. Similarly, Wolkow, Netto, Langridge et al. (2012) reported 46.6%
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and 26.6% of female and male firefighters had one or less risk factors, respectively, and that
50.8% of female firefighters had two or more risk factors compared to 68.2% of male

firefighters.

The likelihood of two or more CAD risk factors increased with age, with the age-group 20-29
years reporting 29.17% with two or more risk factors, the age-group 30-39 years with 47.27%,
the age-group 40-49 years with 76.67%, and the age-group 50-65 years with 80.00% having
two or more risk factors. Byczek Walton, Conrad, Reichelt and Samo (2004) reported that CHD
generally increased as firefighters aged, with 74% of firefighters at moderate CAD risk in the
30-34 age-group, with 40% at moderate risk in the 35-39 age-group, 51% at moderate risk in
the 40-44 age-group, 79% at moderate risk in the 45-49 age-group, 67% at moderate risk in the

50-59 age-group, and 87% at moderate risk in the 60-64 age-group.

Even though Black firefighters reported the lowest prevalence of two or more CAD risk factors,
the prevalence was still unacceptably high at 37.50%, followed by Coloured firefighters with
60.76% and White firefighters with 66.67%. Previous literature reports a similar prevalence of
individual risk factors in the different ethnic groups of firefighters (Choi et al., 2016¢; Lima et

al., 2013; Poston et al., 2014).

5.3. Diabetes

Diabetes was the least prevalent CAD risk factor compared to the other risk factors, with 8.87%
of firefighters being diabetic, and all male, especially above the age of forty years, and
unrelated to ethnicity. Stokes, Berry, Mchiza et al. (2017) found that diabetes prevalence
increased significantly with age in the general South African population, which is reflected in
the statistics for firefighters as well. Savall et al. (2018) reported a similar low prevalence of
diabetes in firefighters, where 3.2% of firefighters had diabetes. Similarly, Mehrdad et al.

(2013) reported 3.4% of firefighters were diabetic. Plat et al. (2012), Budoff, Karwasky,
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Ahmadi et al. (2009) and Winter et al. (2017) also reported a low prevalence of diabetes in 1%,
1.8% and 3% of firefighters, respectively. Noh, Lee, Hyun et al. (2020) reported a slightly
higher prevalence of diabetes in 10% of firefighters, but found no significant association

between diabetes and other CAD risk factors.

In the present study, there was a significant association between diabetes and hypertension,
particularly in male firefighters. Superko et al. (2011) reported a similarly low prevalence of
diabetes in 3.72% of firefighters, and found significant associations between blood glucose,
increased BMI and blood pressure. Smith et al. (2012) also reported a similar diabetes
prevalence, where 2% of firefighters were diagnosed diabetics, but no significant relationships
were found between diabetes and other CAD risk factors. Similarly, Soteriades et al. (2003)
reported a low prevalence of diabetes in 4.11% of firefighters, but found no significant
association between diabetes and other CAD risk factors in firefighters. Eastlake et al. (2015)
reported that 4.5% of firefighters had high blood sugar, and that it was significantly associated
with age. Damacena et al. (2020) reported 30.72% of firefighters had elevated blood glucose
that was significantly associated with central obesity. Despite the low prevalence of diabetes
among firefighters it, nevertheless, impacts significantly on morbidity and mortality, and is
associated with a tenfold increase in deaths in firefighters while on duty (Smith et al., 2016;

Soteriades et al., 2011).

The present study reported an absence of diabetes in female firefighters, while Wolkow et al.
(2014) reported that female firefighters had a slightly lower prevalence of diabetes compared
to male firefighters (3.6% vs 6.8, respectively). Studies by Gendron et al. (2018a; 2018b)
reported similar low results for diabetes prevalence in both genders, but with female firefighters
slightly higher than male firefighters (3% vs 1.7%, respectively). In both studies, diabetes was

self-reported, and may account for the gender difference in results.
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With regard to ethnicity, Poston et al. (2014) found no significant difference in diabetes
prevalence. The present study reported a similar result, where diabetes was not significantly
associated to ethnicity. Choi et al. (2016c) reported that in Asian firefighters, blood glucose
had a high significant correlation to obesity, but no correlation was found between blood

glucose and obesity in Hispanic firefighters.

The prevalence of diabetes can be attributed partially to the firefighters’ variable work
schedules which, in most cases, demands a maximal response when dealing with an emergency.
This, invariably, leads to increased stress, both physiological and psychological, and adversely
impacts blood sugar levels (Joseph & Golden, 2017; Wellen & Hotamisligil, 2005). In addition,
indulging in fast-foods tends to be the unhealthy first choice of many firefighters that
aggravates their diabetes risk (Choi et al., 2016¢; Savall et al., 2018; Gendron et al., 2018a;
Polsky, Moineddin, Glazier, Dunn, & booth, 2016; Yeo, Yoon, & Kim, 2017). Muegge,
Zollinger, Song et al. (2020) found that a lack of knowledge was the most common barrier to
weight management (19%) in firefighters, as well as a lack of access to low calorie foods

(15.7%).

5.4. Physical Inactivity

Quite understandably, the minority (13.71%) of firefighters were classified as physically
inactive and not meeting the minimum physical activity requirements for healthy adults
(ACSM, 2018, p. 44), with the age-group 40-49 years the most likely to be physically inactive,
for both genders and all ethnicities. Mehrdad et al. (2013) reported a slightly higher prevalence
of physical inactivity in firefighters at 23.8%. In contrast, Durand et al. (2011) found that
almost half (49%) of all firefighters were sedentary, and that physical inactivity was directly

associated with the total amount of weekly exercise and HDL-C concentration, and inversely

http://etd {we.ac.zal



associated with TC/HDL-C and TC concentration. Cavalcante Neto et al. (2019) reported that
55% of firefighters were physically inactive. Similarly, Risavi and Staszko (2015) reported that
47.3% of firefighters were physically inactive. Eastlake et al. (2015) also reported a high
prevalence of physical inactivity in 62% of firefighters. This is supported by Amodeo and
Nickelson (2020) who reported that 46.7% of firefighters were physically inactive, and 14%
did not participate in any moderate-intensity exercise. Porto, Schmidt, De Souza et al. (2019)
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. Soteriades, Psalta, Leka and Spanoudis (2019)
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 same study also
reported physical inactivity was significantly associated with an increase in musculoskeletal
injuries. Smith Horn, Woods, Ploutz-Snyder and Fernhall (2016b) reported that 78% of
firefighters between the ages 40-60 years were physically inactive. Age was significantly
associated with being physically active, and older firefighters were more likely to be physically

inactive (Amodeo & Nickelson, 2020).

The current study reported a significant association between physical inactivity and BMI in
firefighters, where physically inactive firefighters were more likely to be obese. Baur et al.
(2012a) reported that 56.9% of firefighters exercised for less than 30 minutes per session, and
16.2% exercised once or less per week. The same study also found that obese firefighters
exercised less than the recommended 150 minutes per week for healthy adults, and had
significantly lower cardiorespiratory fitness. Choi et al. (2016a) reported that 27.5% of
firefighters exercised once or less per week, and this was significantly associated with obesity.
Gendron, Lajoie, Laurencelle and Trudeau (2020) reported that after adjustment for covariates
(age, smoking, stress, alcohol, and diet related factors), physical activity was negatively

correlated with BMI, WC, WHR and DBP. Damacena et al. (2020) reported a similar finding,
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where 62.44% of firefighters were physically inactive, and that physical inactivity was

significantly associated with WC.

The present study reported a similar prevalence of physical inactivity for males and females,
in 13.27% and 15.38%, respectively. Gendron et al. (2018a; 2018b) reported that 62% of
female firefighters were physically inactive compared to 70% of male firefighters. In Coloured
firefighters, there was a significant association between physical inactivity and obesity. In
contrast, Poston et al. (2014) reported no significant association between physical inactivity

and ethnicity in firefighters.

Even though the prevalence of physical inactivity was not high in firefighters in the current
study, however, it is a cause of concern from both a public safety point of view, as well as from
a personal health perspective. Therefore, encouraging physical activity among firefighters who
are at risk will help to address physical inactivity as a modifiable CAD risk factor (Baur et al.,

2012a; Durand et al., 2011; Seyedmehdi et al., 2016).

5.5. Family History of Coronary Artery Disease

In the present study, 20.97% of firefighters indicated a positive family history of CAD that was
similar in both genders, and related to advancing age in male firefighters. The study also found
a significant association between family history, older age, and WC, as well as between family
history and BMI, but in male firefighters only, especially of White and Coloured ethnicity.
Martin et al. (2019) reported a similar prevalence of family history in 25% of firefighters, but
found no significant association between family history and other CAD risk factors. Smith et
al. (2012) reported a much lower prevalence of family history in 5.17% of firefighters, but also
no significant association between family history and other CAD risk factors. Smith et al.

(2016Db) reported a similar low prevalence of family history in 5% of firefighters aged 40 years
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or older. Mehrdad et al. (2013) reported that 6.1% of firefighters had family history. Savall et

al. (2018) also reported a low prevalence of family history in 11.1% of firefighters.

Gendron et al. (2018a; 2018b) reported similar results as the present study on the prevalence
of family history based on gender, but reported no significant association between family
history and other CAD risk factors. Santora et al. (2013) reported a much higher prevalence of
family history in 38% of males and in 56% of females. Ratchford et al. (2014) reported a
slightly higher prevalence of family history in 32% of firefighters, but found no significant
association between family history and other CAD risk factors. Pillutla, Ahmadi and Budoff
(2012) and Budoff et al. (2009) also reported a relatively high prevalence of family history in
35% and 28.9% of firefighters, respectively. Korre et al. (2016) reported an even higher
prevalence of family history in 40% of firefighters. In Coloured firefighters, there was a
significant association between family history and age. In White firefighters, family history
was also significantly associated with obesity and central obesity. No previous literature
reported on the association between family history and ethnicity in firefighters (Choi et al.,

2016¢; Lima et al., 2013; Poston et al., 2014).

A positive family history of CAD in firefighters varied quite broadly among studies, ranging
from 5% to 40% (Glueck et al., 1996; Korre et al., 2016; Martin et al., 2019; Savall et al.,

2018), and was likely due to differences in study sample size, gender, and age.

5.6. Age

In the present study, 23.39% of firefighters had age as a CAD risk factor, especially in Coloured
and White male firefighters older than 45 years. Age was significantly correlated with BMI
and WC in both genders, and to SBP and DBP in male firefighters only. Martin et al. (2019)

reported that 35.1% of firefighters had age as a risk factor. Similarly, Savall et al. (2018)
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reported 31.9% of firefighters had age as a risk factor. In contrast, Mehrdad et al. (2013)

reported only 11.6% of firefighters had age as a risk factor.

Noguiera et al. (2016) reported a similar result as the present study, and found that older age
was significantly associated with BMI in firefighters. Munir, Clemes, Houdmont and Randall
(2012) reported a significant difference between firefighter BMI categories and mean age,
where older firefighters had higher mean BMIs than younger firefighters. Soteriades et al.
(2003) reported that aged firefighters (45 years or older) had a significantly higher prevalence
of hypertension than their younger counterparts. Similarly, Eastlake et al. (2015) reported that
age in firefighters had a significant association with high blood cholesterol, high blood glucose
and high blood pressure. In contrast, Smith et al. (2012) reported that 47.4% of firefighters

were 45 years or older, but that there was no significant association with other risk factors.

Gendron et al. (2018a; 2018b) reported that 45.3% of male firefighters had age as a risk factor
compared to only 10% of female firefighters. Jahnke et al. (2012) reported a similar result
where male firefighters had a mean age higher than female firefighters. Smith et al. (2020)
reported that as male and female firefighters aged, both genders had a significant increase in
BMI, but only male firefighters had a significant increase in hypercholesterolemia,
hypertension, and hyperglycaemia. Perroni et al. (2014) found significant differences between
age and BMI in the age categories 25 years or younger, 26-30 years, 31-35 years, 36-40 years
and 41-42 years, where older firefighters were more likely to be obese. Burgess et al. (2012)
reported that 47.23% of firefighters were aged 45 years or older, and when split into age
categories, the 45 years or older group was significantly associated with dyslipidemia.
Similarly, Davis et al. (2002) reported that SBP, DBP, BMI and TC increased as firefighters
aged, and also found that age was significantly associated with SBP, DBP, BMI and TC. Ide
(2000) also reported that BMI, blood pressure and cholesterol significantly increased as

firefighters aged. Damecena et al. (2020) reported that central obesity increased as firefighters
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aged, with 9.64% of firefighters being obese in the under 30 age-group, 11.75% in the 30-39
age-group, 34.40% in the 40-49 age-group, and 36.59% in the 50-59 age-group. Also, the two
older age groups (40-49 years and 50-59 years) were significantly associated with central

obesity.

Both Kim and Lee (2017) and Donovan, Nelson, Peel et al. (2009) reported that Korean and
North American firefighters aged between 40-49 years and 50-59 years were significantly
associated with metabolic syndrome. Baur, Christophi and Kales (2012b) also found a
significant association between metabolic syndrome and increased age. In contrast, Kirlin et

al. (2017) reported no significant difference between age groups for BMI in female firefighters.

The current study found significant correlations between age, BMI, WC, HC and WHR in all
ethnicities and between age, SBP and DBP in Coloured and Black firefighters. Poston et al.
(2014) reported that White firefighters had a higher mean age than firefighters of colour, and

the former were more likely to have dyslipidemia, hypertension and obesity.

Age as a risk factor in firefighters ranged between 11% and 47.4% in the literature, and was
significantly associated with obesity, hypertension and dyslipidemia (Davis et al., 2002;
Eastlake et al., 2015; Martin et al., 2013; Mehrdad et al., 2013; Munir et al., 2012; Noguiera et
al., 2016; Perroni et al., 2014; Smith et al., 2012; Soteriades et al., 2003). Aged firefighters
were shown to have an eighteenfold increase in CAD-related fatalities while on-duty (Smith et

al., 2016; Soteriades et al., 2011).

5.7. Hypertension

In most studies, the prevalence of hypertension in firefighter’s ranged between 10 and 30%
(Choi etal., 2016c; Gendron et al., 2018a; Soteriades et al., 2003). In the present study, 33.06%

of firefighters were hypertensive, especially male firefighters older than 40 years and in all
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ethnic groups. There were significant correlations between blood pressure and age, BMI, WC
and WHR and significant associations between hypertension, obesity, central obesity, WHR,
diabetes and dyslipidemia, especially in Coloured male firefighters. Furthermore, there was a
significant correlation between DBP and TC. In previous studies, female firefighters were
reported to have a lower prevalence of hypertension compared to male firefighters (Gendron
et al., 2018a; Gendron 2018b; Li et al., 2017; Wolkow et al., 2014). Choi et al. (2016b) found
that 10.9% of firefighters were hypertensive, with significant correlations between blood
pressure, BMI and WC. Soteriades et al. (2008) reported a prevalence of hypertension in
18.24% of firefighters, and found that hypertension was significantly associated with obesity.
Nor, Lee, Park et al. (2019) reported that 18.1% of firefighters had hypertension, and that
hypertension was significantly associated with an increased risk of major adverse
cardiovascular events (MACE). Plat et al. (2012) reported a prevalence of hypertension in 23%
of Dutch firefighters. Espinoza, Delgado-Floody, Martinez-Salazar et al. (2019) also reported
a relatively high prevalence of hypertension, in 25% of firefighters. Soteriades et al. (2003)
reported that 20% of firefighters were hypertensive, and that hypertension was significantly
associated with age (45 years and older), obesity, and elevated blood glucose levels. Choi et al.
(2016b) reported both SBP and DBP were significantly higher in older firefighters, and that
the prevalence of hypertension increased proportionately with age-group from 25-34 years
(1.2%), 35-44 years (6.7%), 45-54 years (17.2%) and 55-61 years (35.0%). The study also
reported that a high percentage of firefighters with hypertension were also obese. Therefore,
aged male firefighters were more likely to be hypertensive and obese (Choi et al., 2016c¢; Choi
et al., 2016b; Gendron et al., 2018a; Gendron et al., 2018b; Li et al., 2017; Soteriades et al.,
2008; Soteriades et al., 2003; Wolkow et al., 2014). Additionally, the study reported that the
prevalence of hypertension was higher in White firefighters compared to other ethnicities (Choi

et al., 2016b). Douglas and Oraeksi (2015) reported that in Nigerian firefighters, 9.6% were
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hypertensive that was significantly associated with being overweight and cigarette smoking.
Choi et al. (2016c¢) reported blood pressure were significantly correlated with all ethnicities,
especially DBP in Hispanic firefighters and SBP in Asian firefighters. Choi et al. (2016b)
reported that White firefighters had a higher prevalence of hypertension compared to other

ethnic groups.

The prevalence of hypertension is associated with increased stress, which is aggravated by the
irregular sleeping patterns of firefighters, and exposure to hazardous fumes and constant smoke
inhalation in the routine performance of their duties (Kaikkonen, Lindholm, & Lusa, 2017;
Lim, Baek, Chung, & Lee, 2014; Smith et al., 2016; Smith et al., 2013). Hypertension is also
associated with significant plaque build-up in the arteries that increased SCD risk twelvefold

in firefighters (Burgess et al., 2012; Yang et al., 2013).

Factors related to the alarm response and emergency duties, such as 24-hour shifts, night shift,
sleep cycle disruption, sleep deprivation, emotional and physical stress, and altered eating
patterns caused alterations in the circadian rhythm of blood pressure in firefighters (Reinberg,
Smolensky, Riedel et al., 2017). Due to firefighter’s irregular work schedules and stressful
occupational tasks, insomnia was quite prevalent in firefighters (Jang, Jeong, Ahn, & Choi,
2019). Sleep deprivation, in combination with mental and physical stress, were significant
causes of hypertension, especially in firefighters working 24-hour shifts, night shifts, and

multiple shifts a month (Choi et al., 2016b; Jang et al., 2019; Reinberg et al., 2017).

5.8. Obesity

In the literature, the prevalence of obesity in firefighters varied considerably from 14.7% to
51.7% (Choi et al., 2016c; Gendron et al., 2018; Nogueira et al., 2016; Smith et al., 2013). In

the current study, 37.10% of firefighters were obese, and especially with central obesity in both
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female and male firefighters aged 40 years or older and in all ethnic groups. In addition, BMI
correlated significantly with age, WC, HC, WHR, SBP, and DBP in both genders, and BMI
with TC in male firefighters only. Other studies reported that more male firefighters were obese
than female firefighters (Crespo-Ruiz, Garcia, Fernandez-Vega, Crespo-Ruiz, & Rivas-Galan,
2020; Gendron et al., 2018a, Gendron et al., 2018b; Jahnke et al., 2012; Li et al., 2017). Choi
et al. (2016c¢) had a lower prevalence of 22.8% obesity in firefighters, however, BMI correlated
significantly with WC, SBP, DBP, TC and fasting blood glucose. Similarly, Gendron et al.
(2018a) found obesity prevalent in 23.6% of firefighters, and a significant association between
obesity, age and family history. Clark, Rene, Theurer and Marshall (2002) reported an obesity
prevalence of 29.8% in United States firefighters, with 2.3% being morbidly obese. The study
also found that DBP and cholesterol were significantly higher in obese firefighters. Eastlake et
al. (2015) reported that 33% of United States firefighters were obese, and that BMI was
significantly associated with high cholesterol in firefighters. Similarly, Poston et al. (2011)
reported 33.5% of Unites States firefighters were obese, and significantly associated with SBP,
DBP, triglycerides and low HDL-C levels. Leary et al. (2020) and Espinoza et al. (2019) also

reported a high prevalence of obesity in 46.8% and 34.2% of firefighters, respectively.

In the present study, central obesity, as indicated by WC, correlated significantly with BMI,
WHR, SBP, DBP and TC. Choi et al. (2016c) found similar correlations between WC, BMI,
SBP, DBP, fasting blood glucose and age. Choi et al. (2016c) also reported significant
correlations between BMI, WC, and age in both male and female firefighters. Damacena et al.
(2020) reported that obesity was prevalent in 10.99% of Brazilian firefighters and that 18.61%
had central obesity. In addition, central obesity was significantly associated with age, TC and

blood glucose concentration (Damacena et al., 2020).

Perroni et al. (2014) had similar results to the present study, where BMI was significantly

higher in the age-group 40 years and older. Ide (2000) reported that 22.3% of firefighters were
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obese, and that obesity and age were significantly associated. Walker et al. (2014) also found
a significant association between obesity and age in volunteer Australian firefighters, and
reported significant differences in WC between the firefighter age groups, with WC being
significantly lower in the 25-34 year age-group compared to the 45-54 year age-group.
Similarly, Choi et al. (2016a) reported that central obesity increased significantly with age-
group, i.e., 25-34 years (7.8%), 35-44 years (25.5%), 45-54 years (33.6%), and 55-64 years
(38.1%). Rahimi, Sedek and Teh (2016) also reported that BMI was significantly associated
with age and WC in firefighters. Wilkinson et al. (2014) reported that 46% of US firefighters
were obese and over the age of 40 years. Similarly, Soteriades et al. (2005) reported that 50.5%
of firefighters aged 45 years or older were obese, and Soteriades et al. (2008) reported 53% of
firefighters aged 40 years or older were obese, but both studies reported no significant

association between obesity and other risk factors.

Poston et al. (2014) reported that firefighters of colour in the US had significantly higher BMIs
compared to White firefighters, but there was no significant association between WC and
ethnicity. Choi et al. (2016a; 2016c¢) reported that a higher percentage of White firefighters

were obese than other ethnic groups, and that all ethnic groups were associated with obesity.

Obesity was not only a major CAD risk factor, but also a catalyst for many other CAD risk
factors, such as hypertension, diabetes and dyslipidemia (Smith et al., 2013; Choi et al., 2011).
Central obesity was also a significant predictor of hypertension, diabetes, dyslipidemia and

mortality (Pandey, Patel, & Lavie, 2018).

Older firefighters classified as obese were more susceptible to cardiovascular incidents or
physical injury, while on duty (Baur et al., 2012a; Perroni et al., 2014; Walker et al., 2018;
Yang et al., 2013; Zachmeier et al., 2018). Kaipust et al. (2019) also found that sleep-deprived

obese firefighters were more likely to get injured. Obesity was associated with decreased
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cardiorespiratory fitness, lower cardiorespiratory performance, and reduced work capacity
(Nogueira et al., 2016; Perroni et al., 2014). Furthermore, firefighters who were older and
obese, with lower cardiorespiratory fitness were most at risk for sustaining a cardiovascular
incident during fire suppression and related firefighting duties (Baur et al., 2012a; Kaipust et
al., 2019; Perroni et al., 2014; Smith el at., 2013; Sternfeld et al., 2002; Walker et al., 2018;

Yang et al., 2013; Zachmeier et al., 2018).

5.9. Cigarette Smoking

Cigarette smoking was the second most prevalent risk factor in 39.52% of firefighters,
especially in White and Coloured male firefighters of all ages, and particularly in the youngest
age-group. Cigarette smoking showed no significant association with other CAD risk factors.
In contrast, Gendron et al. (2018a; 2018b) reported that the prevalence of cigarette smoking
was higher in female firefighters. Similarly, Jahnke et al. (2012) reported more female
firefighters were smokers compared to male firefighters (22.2% vs. 13.6%, respectively). Li et
al. (2017) also showed a slightly higher prevalence of smoking in female firefighters. Jitnarin
et al. (2019) reported that 5.1% of female firefighters were smokers, were also significantly

younger, and had a significantly higher BMI compared to their non-smoker counterparts.

Planinc et al. (2016) reported that 38% of Slovenic volunteer firefighters were smokers, with
no significant association between smoking and other risk factors. Haddock et al. (2011) found
that 13.6% of career firefighters were smokers, and also reported significant associations
between smoking and other health risk behaviours, such as anxiety disorders and binge
drinking. Jitnarin et al. (2015) found that 20.8% of firefighters were smokers, 31.9% were
obese, and 14.1% were hypertensive, but no significant associations were found between these

variables compared to non-smokers. However, smokers were less likely to engage in vigorous
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physical activity, more likely to be drinkers, and present with symptoms of depression (Jitnarin
et al., 2015). Seyedmehdi et al. (2016) reported that 21.7% of firefighters were smokers, and
that cigarette smoking combined with physical inactivity were significantly related to lower
aerobic fitness. Other studies also reported a higher prevalence of cigarette smoking in 38.3%,
41.9% and 43.7% of firefighters, respectively (Noh et al., 2020; Leary et al., 2020; Soteriades

etal., 2019).

In the present study, a significant association was reported between cigarette smoking and
physical inactivity in the 20-29 year age-group. Jitnarin et al. (2015) found smokers were
significantly younger than non-smokers. Similarly, Yoo and Franke (2009) reported that
tobacco use was most prevalent (40%) in the youngest age-group of 16-30 years compared to
the older groups of 31-42 years (32%) and 43-69 years (19%). Ide (2000) also reported that the

prevalence of smoking significantly decreased as firefighters aged.

Jitnarin et al. (2013) reported that fewer White firefighters smoked compared to other ethnic
groups. Similarly, Lima et al. (2013) reported that 8.3% of White Brazilian firefighters were
smokers, 6.8% of mixed ethnicity were smokers, and 9.3% of Black firefighters were smokers,
but reported no significant association between smoking and ethnicity. Alkali, Mubi, Ballah,
and Bandele (2015) reported that in Nigerian firefighters, 16% of smokers were obese, but
found no significant association between smoking and obesity. Poston et al. (2014) reported a
similar prevalence of smoking between ethnicities, and no significance association between

smoking and ethnicity.

Mons et al. (2015) found that there was a dose-response relationship between cigarette smoking
and cardiovascular disease. Cigarette smoking was reported to advance CVD mortality rates
by 5.5 years (Mons et al., 2015). Similarly, Smith et al. (2013) reported that smoking increased

the relative risk of on-duty deaths by 8.6 times, due to heart disease.
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Firefighters exposed to regular wildland fires and other environmental fires were associated
with a significant decline in lung function (forced vital capacity, forced expiratory volume, and
forced expiratory flow), and an increase in CAD risk (Navarro, Kleinman, Mackay et al., 2019).
Smoking was shown to cause a decrease in forced expiratory volume and forced vital capacity,
leading to premature morbidity and mortality in firefighters (Jitnarin et al., 2014; Navarro et
al., 2019; Seyedmehdi et al., 2016). A decrease in lung function increased the stress on the
cardiorespiratory system, and compounded any underlying CAD risk factors in firefighters
(Anthonisen et al., 2002; Nikolakaros et al., 2017; Wilson, Hoeg, D'Agostino et al., 1997). The
detrimental effects of environmental and wildlife fire smoke, when compounded by cigarette
smoke inhalation, significantly increased the risk of sustaining an abrupt cardiovascular
incident or SCD (Anthonisen et al., 2002; Jitnarin et al., 2015; Navarro et al., 2019; Nikolakaros

et al., 2017; Seyedmehdi et al., 2016; Wilson et al., 1997).

5.10. Dyslipidemia

In the current literature, the prevalence of dyslipidemia in firefighters ranged between 20 and
56.5% (Byczek et al., 2004; Choi et al., 2016c¢; Cohen et al., 2019; Martin et al., 2019; Smith
et al., 2012). Dyslipidemia was the most prevalent CAD risk factor in 40.32% of firefighters in
both genders and in all ethnic groups, and was related to advancing age. There was a significant
correlation between dyslipidemia, BMI and WC in male firefighters only. In addition, there
was a significant association between dyslipidemia and hypertension in male firefighters aged
50-65 years. Savall et al. (2018) found that 19.5% of firefighters had elevated cholesterol
levels. Similarly, Byczek et al. (2004) reported a prevalence of hypercholesterolemia in 24%
of US firefighters, and Martin et al. (2019) reported that 29.7% of volunteer firefighters had
dyslipidemia. Lee and Kim (2017) reported a high prevalence of elevated triglycerides in

36.2% of firefighters. Similarly, Baur et al. (2012b) reported that 28.5% of firefighters had
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elevated triglycerides, and 40.8% had low HDL-C levels. Leary et al. (2020) reported a similar
prevalence, where 46.7% of firefighters had high triglycerides, and 31.1% had low HDL-C
levels. Cohen et al. (2019) reported an even higher prevalence of dyslipidemia in 56.5% of

firefighters and that is was significantly associated with age.

Gendron et al. (2018a; 2018b) found that male firefighters had a higher prevalence of
dyslipidemia in 17.4% compared to 5% in female firefighters. Similarly, Santora et al. (2013)
reported that hypercholesterolemia was present in 46% of male firefighters and 11% of female
firefighters. Wolkow et al. (2014) reported elevated triglycerides in female and male

firefighters, at 26.9% and 32.3%, respectively.

The present study found significant correlations between TC, WC and DBP in male firefighters,
but not female firefighters. Chot et al. (2016c) found significant associations between TC, BMI
and WC. Smith et al. (2012) reported that 13.79% of firefighters had high cholesterol, with no
significant association between high cholesterol and BMI. Yu, Au, Lee et al. (2015) also found
no significant association between TC, physical activity, BMI and smoking in Hong Kong
firefighters. Damacena et al. (2020) reported that 22.9% of firefighters had high cholesterol,

and reported a significant association between cholesterol and central obesity.

Burgess et al. (2012) reported that 26.97% of firefighters had high LDL-C levels, and in the
45-year and older age-group, increased LDL-C was significantly associated with hypertension.
Davis et al. (2002) also reported that the mean TC concentration increased with firefighter age.
The study also found a significant association between TC and age in firefighters. Soteriades
et al. (2002) reported 33.3% of firefighters had high TC levels, and that there was a significant
association between TC, triglyceride levels, age (45 years or older), and obesity. Similarly,
Eastlake et al. (2015) reported that 35% of firefighters had high cholesterol, and that it was

significantly associated with BMI and age. Smith et al. (2016b) also reported a high prevalence
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of dyslipidemia (50%) in older (40 years or older) firefighters. Soteriades et al. (2008) reported
73% of firefighters aged 40 years or older had dyslipidemia, but found no significant
association with obesity. Glueck et al. (1997) reported that White and Black firefighters had a
similar prevalence of high cholesterol levels. Choi et al. (2016c¢) reported that LDL-C and
obesity was significantly correlated in Hispanic firefighters compared to other ethnic groups.
Poston et al. (2014) reported minority firefighters had a higher prevalence of high cholesterol

compared to white firefighters (32.7% vs. 28.1%, respectively), but no significance was found.

Fast foods, high in saturated and trans-fatty acids, are directly related to increased TC (Gu &
Yin, 2020; Liska, Cook, Wang, Gaine, & Baer, 2016). Environmental and wildland fire smoke
has been reported to cause an increase in oxidative stress and to change certain serum
haematological parameters, specifically TC, LDL-C, lactate dehydrogenase, creatine kinase
and urea nitrogen (Al-Malki, Rezq, & Al-Saedy, 2008; Coker, Murphy, Johannsen, Galvin &

Ruby, 2019; Gaughan, Siegel, Hughes et al., 20014).

5.11. Strengths and Limitations

This was the first study in South Africa to look at CAD risk factors in firefighters according to
gender, age and ethnicity. This study provides valuable research in a scarcely studied area,

especially in South Africa and the Western Cape.

A limitation was that the study used convenient sampling that negatively impacted the external
validity. Also, the relatively small sample size of 124 firefighters negatively impacted the
power of the study. However, this was unavoidable, as the CoCT limited the number of
firefighters allowed to participate in the study, due to concerns of firefighter work disruption.

Blood glucose was measured in the non-fasted state, therefore, diabetes had to be medically
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diagnosed. The study was also under-represented by female participants, and only one

firefighter was of Indian ethnicity.

5.12. Conclusion

Obesity, cigarette smoking and dyslipidemia, were the most prevalent CAD risk factors among
firefighters, with older males having the highest prevalence of multiple CAD risk factors,
especially in the Coloured and White ethnic groups, placing this population demographic at
highest risk for CAD related morbidity and mortality while on-duty. Age and obesity were
significantly correlated with other CAD risk factors. Male firefighters were more likely to be
smokers, who also presented with hypertension and diabetes. Female firefighters had a higher

prevalence of obesity, especially central obesity.

There is a need to educate firefighters on CAD risk factors, and to implement behavioural and
lifestyle modification strategies to mitigate the prevalence of risk factors. Firefighters should
also have regular health screenings to monitor CAD risk factors, and the implementation of
regular exercise programmes should be prioritised in order to reduce CAD morbidity and

mortality among firefighters.

5.12.1. Recommendations

It is recommended that future studies use random sampling that would be sufficiently powered
in order to ensure external validity. In addition, a more representative sample of female

firefighters in the CoCT is recommended.
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5.12.2. Summary

On-duty fatalities amongst firefighters are often due to SCD, and are frequently attributed to
the prevalence of modifiable CAD risk factors. The study aimed to determine the prevalence
of the major CAD risk factors in firefighters in the City of Cape Town Fire and Rescue Service.
The study also determined the relationship between the various CAD risk factors in firefighters,

and the relationship between CAD risk and demographic characteristics.

The prevalence of CAD risk factors was diabetes in 8.87%, physical inactivity in 13.70%,
family history in 20.96%, age in 23.39%, hypertension in 33.06%, obesity in 37.10%, cigarette
smoking in 39.52% and dyslipidemia in 40.32% of firefighters. The study found that 86.29%
of firefighters had at least one risk factor, 56.45% had at least two, and 36.29% had three or
more risk factors. Male firefighters had a higher prevalence of CAD risk factors, and the
prevalence of risk factors increased with age. Significant associations were found between age,
obesity, hypertension and dyslipidemia, particularly in older male firefighters of mixed ethnic
descent. There is a need to educate firefighters on CAD risk factors, and to implement
behavioural and lifestyle modification strategies to mitigate the prevalence of risk factors in
firefighters. Furthermore, regular health screening to monitor CAD risk factors, and the
implementation of regular exercise programmes are needed in order to reduce CAD-related

morbidity and mortality among firefighters.

http://etd Bwe.ac.zas



REFERENCES

Ades, P. A, & Savage, P. D. (2017). Obesity in coronary heart disease: An unaddressed
behavioral risk factor. Preventive medicine, 104, 117-119.

https://doi.org/10.1016/j.ypmed.2017.04.013

Akoglu, H. (2018). User’s guide to correlation coefficients. Turkish Journal of Emergency

Medicine, 18(3), 91-93. https://doi.org/10.1016/j.tlem.2018.08.001

Alkali, M. B., Mubi, B., Ballah, D. A., & Bandele, E. O. (2015). Correlation of BMI, and
pulmonary function in Nigerian firefighters. Donnish Journal of Medicine and Medical
Sciences, 2(4), 67-71.

Al-Malki, A. L., Rezg, A. M., & Al-Saedy, M. H. (2008). Effect of fire smoke on some
biochemical parameters in firefighters of Saudi Arabia. Journal of Occupational

Medicine and Toxicology, 3(1), 1-8. https://doi.org/10.1186/1745-6673-3-33

Alpert, M. A., Lavie, C. J., Agrawal, H., Aggarwal, K. B., & Kumar, S. A. (2014). Obesity and
heart failure: epidemiology, pathophysiology,  clinical manifestations, and

management. Translational Research, 164(4), 345-356.

http://dx.doi.org/10.1016/j.trsl.2014.04.010

Alphonse, P. A., & Jones, P. J. (2016). Revisiting human cholesterol synthesis and absorption:
the reciprocity paradigm and its key regulators. Lipids, 51(5), 519-536

https://doi.org/10.1007/s11745-015-4096-7

Alves, A. J., Viana, J. L., Cavalcante, S. L., Oliveira, N. L., Duarte, J. A., Mota, J., Oliveira,
J., & Ribeiro, F. (2016). Physical activity in primary and secondary prevention of
cardiovascular disease: Overview updated. World Journal of Cardiology, 8(10), 575.

https://dx.doi.org/10.4330%2Fwjc.v8.i10.575

http://etd Ywe.ac.zas


https://doi.org/10.1016/j.ypmed.2017.04.013
https://doi.org/10.1016/j.tjem.2018.08.001
https://doi.org/10.1186/1745-6673-3-33
http://dx.doi.org/10.1016/j.trsl.2014.04.010
https://doi.org/10.1007/s11745-015-4096-7
https://dx.doi.org/10.4330%2Fwjc.v8.i10.575

Ambrose, J. A., & Singh, M. (2015). Pathophysiology of coronary artery disease leading to

acute coronary syndromes. F1000 Prime Reports, 7, 08. https://doi: 10.12703/P708.

American College of Sports Medicine. (2014). ACSM's Guidelines for Exercise Testing and

Prescription. Ninth Edition. Lippincott, Williams & Wilkins, Philadelphia, PA.

American College of Sports Medicine. (2018). ACSM’s Guidelines for Exercise Testing and

Prescription. Tenth edition. Lippincott, Williams & Wilkins, Philadelphia, PA.

Amodeo, K. L., & Nickelson, J. (2020). Predicting intention to be physically active among
volunteer firefighters. American Journal of Health Education, 51(1), 1-13.

https://doi.org/10.1080/19325037.2019.1687368

Anthonisen, N. R., Connett, J. E., & Murray, R. P. (2002). Smoking and lung function of lung
health study participants after 11 years. American Journal of Respiratory and Critical

Care Medicine, 166(5), 675-679. https://doi.org/10.1164/rccm.2112096

Antonopoulos, A. S., Oikonomou, E. K., Antoniades, C., & Tousoulis, D. (2016). From the
BMI paradox to the obesity paradox: the obesity—mortality association in coronary

heart disease. Obesity Reviews, 17(10), 989-1000. https://doi.org/10.1111/0br.12440

Ariyanti, R., & Besral, B. (2019). Dyslipidemia associated with hypertension increases the
risks for coronary heart disease: a case-control study in Harapan Kita Hospital, National
Cardiovascular Center, Jakarta. Journal of Lipids, 2019, 2517013.

https://doi.org/10.1155/2019/2517013

Bacopoulou, F., Efthymiou, V., Landis, G., Rentoumis, A., & Chrousos, G. P. (2015). Waist
circumference, waist-to-hip ratio and waist-to-height ratio reference percentiles for
abdominal obesity among Greek adolescents. BioMed Central Pediatrics, 15(1), 50.

https://doi.org/10.1186/s12887-015-0366-z

http://etd Bwc.ac.zal


https://dx.doi.org/10.12703%2FP7-08
https://doi.org/10.1080/19325037.2019.1687368
https://doi.org/10.1164/rccm.2112096
https://doi.org/10.1111/obr.12440
https://doi.org/10.1155/2019/2517013
https://doi.org/10.1186/s12887-015-0366-z

Baharudin, A., Ahmad, M. H., Naidu, B. M., Hamzah, N. R., Zaki, N. A. M., Zainuddin, A.
A., & Nor, N. S. M. (2017). Reliability, technical error of measurement and validity of
height measurement using portable stadiometer. Pertanika Journal of Science and

Technology, 25(3).

Basu, S., Wagner, R. G., Sewpaul, R., Reddy, P., & Davies, J. (2019). Implications of scaling
up cardiovascular disease treatment in South Africa: a microsimulation and cost-
effectiveness  analysis. The Lancet  Global Health, 7(2), e270-e280.

https://doi.org/10.1016/S2214-109X(18)30450-9

Baur, D. M., Christophi, C. A., Cook, E. F., & Kales, S. N. (2012a). Age-related decline in
cardiorespiratory fitness among career firefighters: modification by physical activity

and adiposity. Journal of Obesity. https://doi:10.1155/2012/710903

Baur, D. M., Christophi, C. A., & Kales, S. N. (2012b). Metabolic syndrome is inversely related
to cardiorespiratory fitness in male career firefighters. The Journal of Strength and
Conditioning Research, 26(9), 2331-2337.

https://doi:10.1519/JSC.0b013e31.823e9b19

Benjamin, E. J., Muntner, P., Alonso, A., Bittencourt, M. S., Callaway, C. W., Carson, A. P.,
Chamberlain, A.M., Chang, A.R., Cheng, S., Das, S.R., & Delling, F. N. (2019).
Heart disease and stroke statistics—2019 Update: A report from the American heart
association. Circulation, 139(10), 56-528.

https://doi:10.1161/CIR-0000000000000659

Biswas, A., Oh, P. I, Faulkner, G. E., Bajaj, R. R., Silver, M. A., Mitchell, M. S., & Alter, D.
A. (2015). Sedentary time and its association with risk for disease incidence, mortality,
and hospitalization in adults: a systematic review and meta-analysis. Annals of Internal

Medicine, 162(2), 123-132. https://doi:10.7326/M14-1651

http://etd Bwe.ac.zal


https://doi.org/10.1016/S2214-109X(18)30450-9
https://doi:10.1155/2012/710903
https://doi:10.1519/JSC.0b013e31823e9b19
https://doi:10.1161/CIR-0000000000000659
https://doi:10.7326/M14-1651

Biswas, A., Singh, S. K., & Singh, R. K. (2017). Linkages between hypertension and coronary
heart disease in India: evidence from India human development survey-2 (2011-
2012). Indian Journal of Community Medicine: official publication of Indian
Association of Preventive and Social Medicine, 42(4), 200.

https://dx.doi.org/10.4103%2Fijcm.lJCM 168 16

Bobryshev, Y. V., Ivanova, E. A., Chistiakov, D. A., Nikiforov, N. G., & Orekhov, A. N.
(2016). Macrophages and their role in atherosclerosis: pathophysiology and
transcriptome analysis. BioMed Research International, 2016. 9582430.

https://doi.org/10.1155/2016/9582430

Bohlmann, I. M., Mackinnon, S., Kruger, H., Leach, L., van Heerden, J., Cook, I., Noakes, T.
D., Lambert, E. (2001). Is the international physical activity questionnaire (IPAQ) valid
and reliable in the South African population? Medicine and Science in Sports and

Exercise, 33, S119. https://doi.org/10.1097/00005768-200105001-00672

Budoff, M. J., Karwasky, R., Ahmadi, N., Nasserian, C., Pratt, F., Stephens, J., Chang, W.W.,
Flores, F.R., Rizzo, J.A., Gunnarsson, C.L., & McKay, C. R. (2009). Cost-effectiveness
of multidetector computed tomography compared with myocardial perfusion imaging
as gatekeeper to invasive coronary angiography in asymptomatic firefighters with
positive treadmill tests. Journal of Cardiovascular Computed Tomography, 3(5), 323-

330. https://doi.org/10.1016/j.jcct.2009.08.004

Burgess, J. L., Kurzius-Spencer, M., Gerkin, R. D., Fleming, J. L., Peate, W. F., & Allison, M.
(2012). Risk factors for subclinical atherosclerosis in firefighters. Journal of
Occupational and Environmental Medicine, 54(3), 328-335.

https://doi.org/10.1097/JOM.0b013e318243298¢c

http://etd Ywe.ac.zal


https://dx.doi.org/10.4103%2Fijcm.IJCM_168_16
https://doi.org/10.1155/2016/9582430
https://doi.org/10.1097/00005768-200105001-00672
https://doi.org/10.1016/j.jcct.2009.08.004
https://doi.org/10.1097/JOM.0b013e318243298c

Byczek, L., Walton, S. M., Conrad, K. M., Reichelt, P. A., & Samo, D. G. (2004). Implications
for  Occupational  Health  Nurse  Practice.  Aaohn, 52(2), 66-77.

https://doi.org/10.1177%2F216507990405200205

Carpenter, G. S. J., Carpenter, T. P., Kimbrel, N. A., Flynn, E. J., Pennington, M. L.,
Cammarata, C., Zimering, R.T., Kamholz, B.W., & Gulliver, S. B. (2015). Social
support, stress, and suicidal ideation in professional firefighters. American Journal of

Health Behavior, 39(2), 191-196. https://doi.org/10.5993/AJHB.39.2.5

Cavalcante Neto, J. L., Calheiros, D. D. S., Calheiros, D. D. S., Neto, T. D. S., Pinto, M. P., &
da Rocha, D. F. (2019). Levels of physical activity and associated factors between

military policemen rand firemen. Work, 62(3), 515-521. https://d0i:10.3233/WOR-

192886

Chappel, S., Aisbett, B., Vincent, G., & Ridgers, N. (2016). Firefighters’ physical activity

across multiple shifts of planned burn work. International Journal of Environmental

Research and Public Health, 13(10), 973. hitps://doi.org/10.3390/ijerph13100973

Choi, B., Dobson, M., Schnall, P., & Garcia-Rivas, J. (2016a). 24-hour work shifts, sedentary
work, and obesity in male firefighters. American Journal of Industrial Medicine, 59(6),

486-500.

Choi, B., Ko, S., & Kojaku, S. (2017). Resting heart rate, heart rate reserve, and metabolic

syndrome in professional firefighters: A cross-sectional study. American Journal of

Industrial Medicine, 60(10), 900-910. https://doi.org/10.1002/ajim.22722

Choi, B., Schnall, P., & Dobson, M. (2016b). Twenty-four-hour work shifts, increased job

demands, and elevated blood pressure in professional firefighters. International

http://etd Pwe.ac.zal


https://doi.org/10.1177%2F216507990405200205
https://doi.org/10.5993/AJHB.39.2.5
https://doi:10.3233/WOR-192886
https://doi:10.3233/WOR-192886
https://doi.org/10.3390/ijerph13100973
https://doi.org/10.1002/ajim.22722

Archives of Occupational and Environmental Health, 89(7), 1111-1125.

https://doi.org/10.1007/s00420-016-1151-5

Choi, B., Schnall, P., Dobson, M., Israel, L., Landsbergis, P., Galassetti, Pontello, A., Kojaku,
S., & Baker, D. (2011). Exploring occupational and behavioural risk factors for obesity
in firefighters: a theoretical framework and study design. Safety and Health at

Work, 2(4), 301-312. https://doi.org/10.5491/SHAW.2011.2.4.301

Choi, B., Steiss, D., Garcia-Rivas, J., Kojaku, S., Schnall, P., Dobson, M., & Baker, D. (2016c).
Comparison of body mass index with waist circumference and skinfold-based percent
body fat in firefighters: adiposity classification and associations with cardiovascular
disease risk factors. International Archives of Occupational and Environmental

Health, 89(3), 435-448. https://doi.org/10.1007/s00420-015-1082-6

Clark, S., Rene, A., Theurer, W. M., & Marshall, M. (2002). Association of body mass index
and health status in firefighters. Journal of Occupational and Environmental

Medicine, 44(10), 940-946. https://d0i:10.1097/01.jom.0000034345.94005.02

Cohen, H. W., Zeig-Owens, R., Joe, C., Hall, C. B., Webber, M. P., Weiden, M. D., Cleven,
K.L., Jaber, N., Skerker, M., Yip, J., & Prezant, D. J. (2019). Long-term cardiovascular
disease risk among firefighters after the World Trade Center disaster. The Journal of
the  American Medical Association Network Open, 2(9), e199775.

https://doi.org/10.1001/jamanetworkopen.2019.9775

Coker, R. H., Murphy, C. J., Johannsen, M., Galvin, G., & Ruby, B. C. (2019). Wildland
Firefighting: Adverse influence on indices of metabolic and cardiovascular health.
Journal of Occupational and Environmental Medicine, 61(3), E91-E94.

https://doi.org/10.1097/JOM.0000000000001535

http://etd Bwe.ac.zal


https://doi.org/10.1007/s00420-016-1151-5
https://doi.org/10.5491/SHAW.2011.2.4.301
https://doi.org/10.1007/s00420-015-1082-6
https://doi:10.1097/01.jom.0000034345.94005.02
https://doi.org/10.1001/jamanetworkopen.2019.9775
https://doi.org/10.1097/JOM.0000000000001535

Costantino, S., Paneni, F., & Cosentino, F. (2016). Ageing, metabolism and cardiovascular
disease. The Journal of Physiology, 594(8), 2061-2073.

https://doi.org/10.1113/JP270538

Crespo-Ruiz, B., Garcia, P. E., Fernandez-Vega, C., Crespo-Ruiz, C., & Rivas-Galan, S.
(2020). A descriptive analysis of body composition among forest firefighters in
Spain. Journal of Occupational and Environmental Medicine, 62(5), el74-e179.

https://doi.org/10.1097/JOM.0000000000001842

Dahléf, B. (2010). Cardiovascular disease risk factors: epidemiology and risk assessment. The
American Journal of Cardiology, 105(1), 3A-9A.

https://doi.org/10.1016/j.amjcard:2009:10.007

Damacena, F. C., Batista, T. J., Ayres, L. R., Zandonade, E., & Sampaio, K. N. (2020). Obesity
prevalence in Brazilian firefighters and the association of central obesity with personal,
occupational and cardiovascular risk factors: a cross-sectional study. British Medical

Journal Open, 10(3), 1-10. https://doi.org/10.1136/bmjopen-2019-032933

Davis, S. C., Jankovitz, K. Z., & Rein, S. (2002). Physical fitness and cardiac risk factors of
professional firefighters across the career span. Research Quarterly for Exercise and

Sport, 73(3), 363-370. https://doi.org/10.1080/02701367.2002.10609033

de Ronde, M. W., Kok, M. G., Moerland, P. D., Van den Bossche, J., Neele, A. E., Halliani,
A., Van der Made, I., de Winther, M.P., Meijers, J.C., Creemers, E.E., & Pinto-Sietsma,
S. J. (2017). High miR-124-3p expression identifies smoking individuals susceptible to
atherosclerosis. Atherosclerosis, 263, 377-384.

https://doi.org/10.1016/j.atherosclerosis.2017.03.045

http://etd Wwe.ac.zal


https://doi.org/10.1113/JP270538
https://doi.org/10.1097/JOM.0000000000001842
https://doi.org/10.1016/j.amjcard.2009.10.007
https://doi.org/10.1136/bmjopen-2019-032933
https://doi.org/10.1080/02701367.2002.10609033
https://doi.org/10.1016/j.atherosclerosis.2017.03.045

De Schutter, A., Lavie, C. J., & Milani, R. V. (2014). The impact of obesity on risk factors and
prevalence and prognosis of coronary heart disease—the obesity paradox. Progress in

Cardiovascular Diseases, 56(4), 401-408. https://doi.org/10.1016/j.pcad.2013.08.003

Ding, N., Sang, Y., Chen, J., Ballew, S. H., Kalbaugh, C. A., Salameh, M. J., Blaha, M.J.,
Allison, M., Heiss, G., Selvin, E., & Coresh, J. (2019). Cigarette smoking, smoking
cessation, and long-term risk of 3 major atherosclerotic diseases. Journal of the
American College of Cardiology, 74(4), 498-507.

https://doi:10.1016/j.jacc.2019.05.049

Donovan, R., Nelson, T., Peel, J., Lipsey, T., Voyles, W., & Israel, R. G. (2009).
Cardiorespiratory fitness and the metabolic syndrome in firefighters. Occupational

Medicine, 59(7), 487-492. https://doi.org/10.1093/0cecmed/kap095

Douglas, K. E., & Oraekesi, C. K. (2015). Prevalence of hypertension among firefighters in
Rivers State, South-South, Nigeria. Nigerian Journal of Medicine: Journal of the
National Association of Resident Doctors of Nigeria, 24(3), 213-222.

https://europepmc.org/article/med/27487592

Durand, G., Tsismenakis, A. J., Jahnke, S. A., Baur, D. M., Christophi, C. A., & Kales, S. N.
(2011). Firefighters' physical activity: relation to fitness and cardiovascular disease risk.
Medicine and Science in Sports and Exercise, 43(9), 1752-1759.

https://d0i:10.1249/MSS.0b013e318215cf25

Eastlake, A. C., Knipper, B. S., He, X., Alexander, B. M., & Davis, K. G. (2015). Lifestyle and
safety practices of firefighters and their relation to cardiovascular risk factors. Work,

50(2), 285-294. https://doi.org/10.3233/WOR-131796

http://etd Bwc.ac.zal


https://doi.org/10.1016/j.pcad.2013.08.003
https://doi:10.1016/j.jacc.2019.05.049
https://doi.org/10.1093/occmed/kqp095
https://europepmc.org/article/med/27487592
https://doi:10.1249/MSS.0b013e318215cf25
https://doi.org/10.3233/WOR-131796

Emdin, C. A., Khera, A. V., Natarajan, P., Klarin, D., Zekavat, S. M., Hsiao, A. J., &
Kathiresan, S. (2017). Genetic association of waist-to-hip ratio with cardiometabolic
traits, type 2 diabetes, and coronary heart disease. The Journal of the American Medical

Association, 317(6), 626-634. https://doi.org/10.1001/jama.2016.21042

Espinoza, F., Delgado-Floody, P., Martinez-Salazar, C., Jerez-Mayorga, D., Guzman-Guzman,
I. P., Caamafio-Navarrete, F., Ramirez-Campillo, R., Chamorro, C., & Campos-Jara, C.
(2019). The influence of cardiometabolic risk factors on cardiorespiratory fitness in
volunteer Chilean firefighters. American Journal of Human Biology, 31(5), 1-8.

https://doi.org/10.1002/ajhb.23280

Farioli, A., Yang, J., Teehan, D., Baur, D. M., Smith, D. L., & Kales, S. N. (2014). Duty-related

risk of sudden cardiac death among young US firefighters. Occupational

Medicine, 64(6), 428-435. https://doi.org/10.1093/occmed/kqul02

Ferrucci, L., & Fabbri, E. (2018). Inflammageing: chronic inflammation in ageing,
cardiovascular disease, and frailty. Nature Reviews Cardiology, 15(9), 505-522.

https://doi:10.1038/s41569-018-0064-2

Foody, J., Huo, Y., Ji, L., Zhao, D., Boyd, D., Meng, H. J., Shiff, S., & Hu, D. (2013). Unique
and varied contributions of traditional CVD risk factors: A systematic literature review
of CAD risk factors in China. Clinical Medicine Insights: Cardiology, 7, CMC-

S10225. https://doi:10.4137/CMC.S10225

Fiuza-Luces, C., Santos-Lozano, A., Joyner, M., Carrera-Bastos, P., Picazo, O., Zugaza, J. L.
Izquierdo, M., Ruilope, L.M., & Lucia, A. (2018). Exercise benefits in cardiovascular

disease: beyond attenuation of traditional risk factors. Nature Reviews Cardiology,

15(1), 731-743. https://doi:10.1038/s41569-018-0065-1

http://etd Bwe.ac.za/


https://doi.org/10.1001/jama.2016.21042
https://doi.org/10.1002/ajhb.23280
https://doi.org/10.1093/occmed/kqu102
https://doi:10.1038/s41569-018-0064-2
https://doi:10.4137/CMC.S10225
https://doi:10.1038/s41569-018-0065-1

Frohlich, J., & Al-Sarraf, A. (2013). Cardiovascular risk and atherosclerosis
prevention. Cardiovascular Pathology, 22(1), 16-18.

https://doi.org/10.1016/j.carpath.2012.03.001

Gadde, K. M., Martin, C. K., Berthoud, H. R., & Heymsfield, S. B. (2018). Obesity:
pathophysiology and management. Journal of the American College of

Cardiology, 71(1), 69-84. https://d0i:10.1016/j.jacc.2017.11.011

Gaetano, A. L. T. A. V. I. L. L. A. (2016). Relationship between physical inactivity and effects
on individual health status. Journal of Physical Education and Sport, 16(4), 1069-1074.

https://d0i:10.7752/jpes.2016.s2170

Geeta, A., Jamaiyah, H., Safiza, M. N., Khor, G. L., Kee, C. C., Ahmad, A. Z., Suzana, S.,
Rahmah, R., & Faudzi, A. (2009). Reliability, technical error of measurements and
validity of instruments for nutritional status assessment of adults in

Malaysia. Singapore Medical Journal, 50(10), 1013.

Garfinkle, M. A. (2017). Salt and essential hypertension: pathophysiology and implications for
treatment. Journal of - the ~American  Society of Hypertension, 11(6), 385-391.

https://d0i:10.1016/j.jacc.2017.11.011

Gaughan, D. M., Siegel, P. D., Hughes, M. D., Chang, C. Y., Law, B. F., Campbell, C. R.,
Richards, J.C., Kales, S.F., Chertok, M., Kobzik, L., & Christiani, D. C. (2014). Arterial
stiffness, oxidative stress, and smoke exposure in wildland firefighters. American

Journal of Industrial Medicine, 57(7), 748-756. https://doi.org/10.1002/ajim.22331

Gendron, P., Lajoie, C., Laurencelle, L., & Trudeau, F. (2018a). Cardiovascular disease risk
factors in Québec male firefighters. Journal of Occupational and Environmental

Medicine, 60(6), e300-e306. https://doi:10.1097/JOM.0000000000001309

http://etd%agvc.ac.za/


https://doi.org/10.1016/j.carpath.2012.03.001
https://doi:10.1016/j.jacc.2017.11.011
https://doi:10.7752/jpes.2016.s2170
https://doi:10.1016/j.jacc.2017.11.011
https://doi.org/10.1002/ajim.22331
https://doi:10.1097/JOM.0000000000001309

Gendron, P., Lajoie, C., Laurencelle, L., & Trudeau, F. (2018b). Cardiovascular disease risk in
female firefighters. Occupational Medicine, 68(6), 412-414.

https://doi.org/10.1093/occmed/kqy074

Gendron, P., Lajoie, C., Laurencelle, L., Lemoyne, J., & Trudeau, F. (2020). Physical training
in the fire station and firefighters’ cardiovascular health. Occupational Medicine, 70(4),

224-230. https://doi.org/10.1093/occmed/kgaa060

George, S., McGrath, N., & Oni, T. (2019). The association between a detectable HIV viral
load and non-communicable diseases comorbidity in HIV positive adults on
antiretroviral therapy in Western Cape, South Africa. BioMed Central Infectious

Diseases, 19(1), 348. https://doi.org/10.1186/s12879-019-3956-9

Glueck, C. J., Kelley, W., Wang, P., Gartside, P. S., Black, D., & Tracy, T. (1996). Risk factors
for coronary heart disease among firefighters in Cincinnati. American Journal of

Industrial Medicine, 30(3), 331-340. https://doi.org/10.1002/ajim.4700300313

Glueck, C. J., Kelley, W., Gupta, A., Fontaine, R. N., Wang, P., & Gartside, P. S. (1997).
Prospective 10-year evaluation of hypobetalipoproteinemia in a cohort of 772
firefighters and cross-sectional evaluation of hypocholesterolemia in 1,479 men in the
National Health and Nutrition Examination Survey |. Metabolism: Clinical and

Experimental, 46(6), 625-633. https://doi.org/10.1016/S0026-0495(97)90004-4

Gonzalez, K., Fuentes, J., & Marquez, J. L. (2017). Physical inactivity, sedentary behavior and
chronic diseases. Korean Journal of Family Medicine, 38(3), 111.

https://dx.doi.orq/10.4082%2Fkjfm.2017.38.3.111

Gosmanova, E. O., Mikkelsen, M. K., Molnar, M. Z., Lu, J. L., Yessayan, L. T., Kalantar-

Zadeh, K., & Kovesdy, C. P. (2016). Association of systolic blood pressure variability

http://etd%a\lfvc.ac.za/


https://doi.org/10.1093/occmed/kqy074
https://doi.org/10.1093/occmed/kqaa060
https://doi.org/10.1186/s12879-019-3956-9
https://doi.org/10.1002/ajim.4700300313
https://doi.org/10.1016/S0026-0495(97)90004-4
https://dx.doi.org/10.4082%2Fkjfm.2017.38.3.111

with mortality, coronary heart disease, stroke, and renal disease. Journal of the
American College of Cardiology, 68(13), 1375-1386.

https://doi:10.1016/j.jacc.2016.06.054

Goyfman, M., Chaus, A., Dabbous, F., Tamura, L., Sandfort, V., Brown, A., & Budoff, M.
(2018). The correlation of dyslipidemia with the extent of coronary artery disease in the
multiethnic study of atherosclerosis. Journal of Lipids, 2018.

https://doi.org/10.1155/2018/5607349

Guerrero, M., Sun, C., & Kwon, O. S. (2020). Physical inactivity-induced endothelial
dysfunction: the role of toll-like receptor 4. The Federation of American Societies for
Experimental Biology Journal, 34(1), 1-1.

https://doi.org/10.1096/fasebj.2020.34.51.09660

Gu, Y., & Yin, J. (2020). Saturated fatty acids promote cholesterol biosynthesis: effects and
mechanisms. Obesity Medicine, 100 - 201.

https://doi.org/10.1016/j.0bmed.2020.100201

Haddock, C. K., Jitnarin, N., Poston, W. S., Tuley, B., & Jahnke, S. A. (2011). Tobacco use
among firefighters in the central United States. American Journal of Industrial

Medicine, 54(9), 697-706. https://doi.org/10.1002/ajim.20972

Hao, W., & Friedman, A. (2014). The LDL-HDL profile determines the risk of atherosclerosis:
a mathematical model. Public Library of Science One, 9(3), €90497.

https://dx.doi.org/10.1371%2Fjournal.pone.0090497

Hecht, E. M., Arheart, K. L., Lee, D. J., Hennekens, C. H., & Hlaing, W. M. (2016).

Interrelation of cadmium, smoking, and cardiovascular disease (from the National

http://etd%a%vc.ac.za/


https://doi:10.1016/j.jacc.2016.06.054
https://doi.org/10.1155/2018/5607349
https://doi.org/10.1096/fasebj.2020.34.s1.09660
https://doi.org/10.1016/j.obmed.2020.100201
https://doi.org/10.1002/ajim.20972
https://dx.doi.org/10.1371%2Fjournal.pone.0090497

Health and Nutrition Examination Survey). The American Journal of

Cardiology, 118(2), 204-209. https://doi.org/10.1016/j.amjcard.2016.04.038

Herrera, B. M., & Lindgren, C. M. (2010). The genetics of obesity. Current Diabetes

Reports, 10(6), 498-505. https://doi.org/10.1007/s11892-010-0153-z

Higgins, V., & Adeli, K. (2017). Postprandial dyslipidemia: pathophysiology and
cardiovascular disease risk assessment. The International Journal of the International
Federation of Clinical Chemistry and Laboratory Medicine, 28(3), 168.

https://www.ncbi.nlm.nih.gov/pubmed/29075168

Hurtubise, J., McLellan, K., Durr, K., Onasanya, O., Nwabuko, D., & Ndisang, J. F. (2016).
The different facets of dyslipidemia and hypertension in atherosclerosis. Current

Atherosclerosis Reports, 18(12), 82. hitps://doi.org/10.1007/s11883-016-0632-z

Hyle, E. P., Mayosi, B. M., Middelkoop, K., Mosepele, M., Martey, E. B., Walensky, R. P.,
Bekker, L.G., & Triant, V. A. (2017). The association between HIV and atherosclerotic
cardiovascular disease in sub-Saharan Africa: a systematic review. BioMed Central

Public Health, 17(1), 954. https://doi.org/10.1186/$12889-017-4940-1

Ide, C. W. (2000). A Longitudinal Survey of the Evolution of Some Cardiovascular Risk
Factors during the Careers of Male Firefighters Retiring from Strathclyde Fire Brigade
from 1985-1994. Scottish Medical Journal, 45(3), 79-83.

https://doi:10.1177/003693300004500307

Jagannathan, R., Patel, S. A., Ali, M. K., & Narayan, K. V. (2019). Global updates on
cardiovascular disease mortality trends and attribution of traditional risk factors.

Current diabetes reports, 19(7), 44. https://doi.org/10.1007/s11892-019-1161-2

http://etd%a%vc.ac.za/


https://doi.org/10.1016/j.amjcard.2016.04.038
https://doi.org/10.1007/s11892-010-0153-z
https://www.ncbi.nlm.nih.gov/pubmed/29075168
https://doi.org/10.1007/s11883-016-0632-z
https://doi.org/10.1186/s12889-017-4940-1
https://doi:10.1177/003693300004500307
https://doi.org/10.1007/s11892-019-1161-2

Jahnke, S. A., Poston, W. S. C., Haddock, C. K., Jitnarin, N., Hyder, M. L., & Horvath, C.
(2012). The health of women in the US fire service. BioMed Central Women'’s Health,

12. https://doi.org/10.1186/1472-6874-12-39

Jha, P., & Peto, R. (2014). Global effects of smoking, of quitting, and of taxing tobacco. New

England Journal of Medicine, 370(1), 60-68. https://doi:10.1056/NEJMral1308383

Jang, T. W,, Jeong, K. S., Ahn, Y. S., & Choi, K. S. (2020). The relationship between the
pattern of shift work and sleep disturbances in Korean firefighters. International
Archives of Occupational and Environmental Health, 93(3), 391-398.

https://doi.org/10.1007/s00420-019-01496-3

Jitnarin, N., Haddock, C. K., Poston, W. S., & Jahnke, S. (2013). Smokeless tobacco and dual
use among firefighters in the central United States. Journal of Environmental and

Public Health, 2013. https://doi.org/10.1155/2013/675426

Jitnarin, N., Poston, W. S., Haddock, C. K., & Jahnke, S. A. (2019). Tobacco Use among
Women Firefighters. Women’s Health Issues, 29(5), 432-439.

https://doi.org/10.1016/j.whi.2019.05.006

Jitnarin, N., Poston, W. S., Haddock, C. K., Jahnke, S. A., & Day, R. S. (2015). Tobacco use
pattern among a national firefighter cohort. Nicotine and Tobacco Research, 17(1), 66—

73. https://doi.org/10.1093/ntr/ntul31

Joseph, J. J., & Golden, S. H. (2017). Cortisol dysregulation: the bidirectional link between
stress, depression, and type 2 diabetes mellitus. Annals of the New York Academy of

Sciences, 1391(1), 20. https://dx.doi.org/10.1111%2Fnyas.13217

Junttila, M. J., Kiviniemi, A. M., Lepojarvi, E. S., Tulppo, M., Piira, O. P., Kenttd, T.,

Perkiomaki, J.S., Ukkola, O.H., Myerburg, R.J., & Huikuri, H. V. (2018). Type 2

http://etd%%vc.ac.za/


https://doi.org/10.1186/1472-6874-12-39
https://doi:10.1056/NEJMra1308383
https://doi.org/10.1007/s00420-019-01496-3
https://doi.org/10.1155/2013/675426
https://doi.org/10.1016/j.whi.2019.05.006
https://doi.org/10.1093/ntr/ntu131
https://dx.doi.org/10.1111%2Fnyas.13217

diabetes and coronary artery disease: Preserved ejection fraction and sudden cardiac

death. Heart Rhythm, 15(10), 1450-1456. https://doi.org/10.1016/].hrthm.2018.06.017

Kaipust, C. M., Jahnke, S. A., Poston, W. S. C., Jitnarin, N., Haddock, C. K., Delclos, G. L.,
& Day, R. S. (2019). Sleep, Obesity, and Injury among US Male Career Firefighters.
Journal of Occupational and Environmental Medicine, 61(4), E150-E154.

https://doi.org/10.1097/JOM.0000000000001559

Kales, S. N., Soteriades, E. S., Christophi, C. A., & Christiani, D. C. (2007). Emergency duties
and deaths from heart disease among firefighters in the United States. New England

Journal of Medicine, 356(12), 1207-1215. https://doi:10.1056/NEJM0a060357

Kaleta, D., Makowiec-Dabrowska, T., Dziankowska-Zaborszczyk, E., & Fronczak, A. (2012).
Determinants of heavy smoking: Results from the global adult tobacco survey in Poland
(2009-2010). International Journal of Occupational Medicine and Environmental

Health, 25(1), 66—79:. https://doi.org/10.2478/s13382-012-0009-7

Kalra, A., Kumbhani, D. J., & Hill, J. A. (2020). Cardiovascular Science India Tour: Impacting
Cardiovascular Disease in South Asia. Circulation, 141(3), 159-160.

https://doi.org/10.1161/CIRCULATIONAHA.119.043837

Kaikkonen, P., Lindholm, H., & Lusa, S. (2017). Physiological load and psychological stress
during a 24-hour work shift among Finnish firefighters. Journal of Occupational and

Environmental Medicine, 59(1), 41-46. https://d0i:10.1097/JOM.0000000000000912

Kamceva, G., Arsova-Sarafinovska, Z., Ruskovska, T., Zdravkovska, M., Kamceva-Panova,
L., & Stikova, E. (2016). Cigarette smoking and oxidative stress in patients with
coronary artery disease. Macedonian Journal of Medical Sciences, 4(4), 636.

https://dx.doi.org/10.3889%2Foamjms.2016.117

http://etd%a\sfvc.ac.za/


https://doi.org/10.1016/j.hrthm.2018.06.017
https://doi.org/10.1097/JOM.0000000000001559
https://doi:10.1056/NEJMoa060357
https://doi.org/10.2478/s13382-012-0009-7
https://doi.org/10.1161/CIRCULATIONAHA.119.043837
https://doi:10.1097/JOM.0000000000000912
https://dx.doi.org/10.3889%2Foamjms.2016.117

Keates, A. K., Mocumbi, A. O., Ntsekhe, M., Sliwa, K., & Stewart, S. (2017). Cardiovascular
disease in Africa: epidemiological profile and challenges. Nature Reviews

Cardiology, 14(5), 273. https://doi.org/10.1038/nrcardio.2017.19

Kim, S. H., Després, J. P., & Koh, K. K. (2016). Obesity and cardiovascular disease: friend or
foe? European Heart Journal, 37(48), 3560-3568.

https://doi.org/10.1093/eurheartj/ehv509

King, C. C., Piper, M. E., Gepner, A. D., Fiore, M. C., Baker, T. B., & Stein, J. H. (2017).
Longitudinal impact of smoking and smoking cessation on inflammatory markers of
cardiovascular disease risk. Arteriosclerosis, Thrombosis, and Vascular Biology, 37(2),

374-379. https://doi.org/10.1161/ATVBAHA116.308728

King, R. J., & Grant, P. J. (2016). Diabetes and cardiovascular disease: pathophysiology of a

life-threatening epidemic. Herz, 41(3), 184-192. https://doi.org/10.1007/s00059-016-

4414-8

Kirlin, L. K., Nichols, J. F., Rusk, K., Parker, R. A., & Rauh, M. J. (2017). The effect of age
on fitness among female firefighters. Occupational Medicine, 67(7), 528-533.

https://doi.org/10.1093/occmed/kgx123

Kodama, S., Horikawa, C., Fujihara, K., Yoshizawa, S., Yachi, Y., Tanaka, S., Ohara, N.,
Matsunaga, S., Yamada, T., Hanyu, O., & Sone, H. (2014). Quantitative relationship
between body weight gain in adulthood and incident type 2 diabetes: a meta-

analysis. Obesity Reviews, 15(3), 202-214. https://doi.org/10.1111/0br.12129

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. Journal of Chiropractic Medicine, 15(2), 155-163.

https://doi.org/10.1016/j.jcm.2016.02.012

http://etd%a(\sfvc.ac.za/


https://doi.org/10.1038/nrcardio.2017.19
https://doi.org/10.1093/eurheartj/ehv509
https://doi.org/10.1161/ATVBAHA.116.308728
https://doi.org/10.1007/s00059-016-4414-8
https://doi.org/10.1007/s00059-016-4414-8
https://doi.org/10.1093/occmed/kqx123
https://doi.org/10.1111/obr.12129
https://doi.org/10.1016/j.jcm.2016.02.012

Korre, M., Porto, L. G. G, Farioli, A., Yang, J., Christiani, D. C., Christophi, C. A., Lombardi,
D.A., Kovacs, R.J., Mastouri, R., Abbasi, S., & Steigner, M. (2016). Effect of body
mass index on left ventricular mass in career male firefighters. The American Journal

of Cardiology, 118(11), 1769-1773. https://doi.org/10.1093/occmed/kgx123

Lakatta, E. G. (2002). Age-associated cardiovascular changes in health: impact on
cardiovascular disease in older persons. Heart Failure Reviews, 7(1), 29-49.

https://doi.org/10.1023/A:1013797722156

La Sala, L., Prattichizzo, F., & Ceriello, A. (2019). The link between diabetes and
atherosclerosis. European Journal of Preventive Cardiology, 26(2), 15-24.

https://doi.org/10.1177/2047487319878373

Leary, D. B., Takazawa, M., Kannan, K., & Khalil, N. (2020). Perfluoroalkyl substances and
metabolic syndrome in firefighters: a pilot study. Journal of Occupational and

Environmental Medicine, 62(1), 52-57. https://doi:10.1097/JOM.0000000000001756

Lee, W., & Kim, J. (2017). Prevalence of metabolic syndrome and related factors in Korean
career firefighters in comparisons with other occupational groups. Journal of
Occupational and Environmental Medicine, 59(4), 384—-388.

https://doi.org/10.1097/JOM.0000000000000956

Lessiani, G., Santilli, F., Boccatonda, A., lodice, P., Liani, R., Tripaldi, R., Saggini, R., & Davi,
G. (2016). Arterial stiffness and sedentary lifestyle: role of oxidative stress. Vascular

Pharmacology, 79, 1-5. https://doi.org/10.1016/j.vph.2015.05.017

Li, K., Lipsey, T., Leach, H. J., & Nelson, T. L. (2017). Cardiac health and fitness of Colorado
male/female firefighters. Occupational Medicine, 67(4), 268-273.

https://doi.org/10.1093/occmed/kqx033

http://etd%8\7/vc.ac.za/


https://doi.org/10.1093/occmed/kqx123
https://doi.org/10.1023/A:1013797722156
https://doi.org/10.1177/2047487319878373
https://doi:10.1097/JOM.0000000000001756
https://doi.org/10.1097/JOM.0000000000000956
https://doi.org/10.1016/j.vph.2015.05.017
https://doi.org/10.1093/occmed/kqx033

Li, K., Ochoa, E., Lipsey, T., & Nelson, T. (2018). Correlates of atherosclerotic cardiovascular
disease risk in older Colorado firefighters. Occupational Medicine, 68(1), 51-55.

https://doi.org/10.1093/occmed/kqx192

Liberale, L., Bonaventura, A., Vecchie, A., Matteo, C., Dallegri, F., Montecucco, F., &
Carbone, F. (2017). The role of adipocytokines in coronary atherosclerosis. Current

Atherosclerosis Reports, 19(2), 10. https://doi:10.1007/s11883-017-0644-3

Lim, D. K., Baek, K. O., Chung, I. S., & Lee, M. Y. (2014). Factors related to sleep disorders
among male firefighters. Annals of Occupational and Environmental Medicine, 26(1),

11. https://doi.org/10.1186/2052-4374-26-11

Lima, E. D. P., Assuncéo, A. A., & Barreto, S. M. (2013). Smoking and occupational stressors
in firefighters, 2011. Revista de Saude Publica, 47, 897-904.

https://doi:10.1590/S0034-8910.2013047004674

Liska, D. J., Cook, C. M., Wang, D. D., Gaine, P. C., & Baer, D. J. (2016). Trans fatty acids
and cholesterol levels: An evidence map of the available science. Food and

Chemical Toxicology, 98, 269-281. https://doi.org/10.1016/j.fct.2016.07.002

Liu, M. Y., Li, N, Li, W. A., & Khan, H. (2017). Association between psychosocial stress and
hypertension: a systematic review and meta-analysis. Neurological Research, 39(6),

573-580. https://doi.org/10.1080/01616412.2017.1317904

Maddison, R., Rawstorn, J. C., Shariful Islam, S. M., Ball, K., Tighe, S., Gant, N., Whittaker,
R.M., & Chow, C. K. (2019). Health interventions for exercise and risk factor
modification in cardiovascular disease. Exercise and Sport Sciences Reviews, 47(2),

86-90. https://doi.org/10.1249/JES.0000000000000185

http://etd%af\gfvc.ac.za/


https://doi.org/10.1093/occmed/kqx192
https://doi:10.1007/s11883-017-0644-3
https://doi.org/10.1186/2052-4374-26-11
https://doi:10.1590/S0034-8910.2013047004674
https://doi.org/10.1016/j.fct.2016.07.002
https://doi.org/10.1080/01616412.2017.1317904
https://doi.org/10.1249/JES.0000000000000185

Mann, S. J. (2018). Neurogenic hypertension: pathophysiology, diagnosis and
management. Clinical Autonomic Research, 28(4), 363-374.

https://doi.org/10.1007/s10286-018-0541-z

Martin, Z. T., Schlaff, R. A., Hemenway, J. K., Coulter, J. R., Knous, J. L., Lowry, J. E., &
Ode, J. J. (2019). Cardiovascular disease risk factors and physical fitness in
volunteer firefighters. International Journal of Exercise Science, 12(2), 764-776.

https://www.ncbi.nlm.nih.gov/pubmed/31156744

Matthias, A. T., de Silva, D. K. N., Indrakumar, J., & Gunatilake, S. B. (2018). Physical activity
levels of patients prior to acute coronary syndrome—Experience at a tertiary care
hospital in Sri Lanka. Indian Heart Journal, 70(3), 350-352.

https://doi.org/10.1016/j.ihj.2017.08.020

Mehrdad, R., Movasatian, F., & Momenzadeh, A. S. (2013). Fitness for work evaluation of
firefighters in -~ Tehran.  Acta  Medica lranica, 51(4), 265-269.

http://acta.tums.ac.ir/index.php/acta/article/view/4450

Mons, U., Miezzinler, A., Gellert, C., Schottker, B., Abnet, C. C., Bobak, M., de Groot, L.,
Freedman, N.D., Jansen, E., Kee, F., & Kromhout, D. (2015). Impact of smoking
and smoking cessation on cardiovascular events and mortality among older adults:
meta-analysis of individual participant data from prospective cohort studies of the
chance’s consortium. BioMed Central Pediatrics, 350, h1551.

https://doi.org/10.1136/bmj.h1551

Morgan, A. E., Mooney, K. M., Wilkinson, S. J., Pickles, N. A., & Mc Auley, M. T. (2016).

Cholesterol metabolism: a review of how ageing disrupts the biological mechanisms

http://etd%B%vc.ac.za/


https://doi.org/10.1007/s10286-018-0541-z
https://www.ncbi.nlm.nih.gov/pubmed/31156744
https://doi.org/10.1016/j.ihj.2017.08.020
http://acta.tums.ac.ir/index.php/acta/article/view/4450
https://doi.org/10.1136/bmj.h1551

responsible for its regulation. Ageing Research Reviews, 27, 108-124.

https://doi.org/10.1016/j.arr.2016.03.008

Muegge, C. M., Zollinger, T. W., Song, Y., Wessel, J., Monahan, P. O., & Moffatt, S. M.
(2020). Barriers to weight management among overweight and obese
firefighters. Journal of Occupational and Environmental Medicine, 62(1), 37-45.

https://d0i:10.1097/JOM.0000000000001751

Mukaka, M. M. (2012). A guide to appropriate use of correlation coefficient in medical
research. Malawi Medical Journal, 24(3), 69-71.

https://www.ajol.info/index.php/mmijfissue/view/9485

Munir, F., Clemes, S., Houdmont, J., & Randall, R. (2012). Overweight and obesity in UK
firefighters. Occupational Medicine, 62(5), 362-365.

https://doi.org/10.1093/occmed/kqs077.

Navarro, K. M., Kleinman, M. T., Mackay, C. E., Reinhardt, T. E., Balmes, J. R., Broyles, G.
A., Ottmar, R.D., Naher, L.P., & Domitrovich, J. W. (2019). Wildland firefighter
smoke exposure and risk of lung cancer and cardiovascular disease mortality.
Environmental Research, 173(March), 462-468.

https://doi.org/10.1016/j.envres.2019.03.060

Newsholme, P., Cruzat, V., Arfuso, F., & Keane, K. (2014). Nutrient regulation of insulin
secretion and action. Journal of Endocrinology, 221(3), R105-R120.

https://doi.org/10.1530/JOE-13-0616

Nikolakaros, G., Vahlberg, T., Auranen, K., Sillanmaki, L., Venetoklis, T., & Sourander, A.
(2017). Obesity, Underweight, and smoking are associated with worse

cardiorespiratory

http://etd%?xvc.ac.za/


https://doi.org/10.1016/j.arr.2016.03.008
https://doi:10.1097/JOM.0000000000001751
https://www.ajol.info/index.php/mmj/issue/view/9485
https://doi.org/10.1093/occmed/kqs077
https://doi.org/10.1016/j.envres.2019.03.060
https://doi.org/10.1530/JOE-13-0616

Fitness in Finnish healthy Young Men: A Population-Based study. Frontiers in Public

Health, 5, 206. https://doi.org/10.3389/fpubh.2017.00206

Nogueira, E. C., Porto, L. G. G., Nogueira, R. M., Martins, W. R., Fonseca, R. M., Lunardi, C.
C., & de Oliveira, R. J. (2016). Body composition is strongly associated with
cardiorespiratory fitness in a large Brazilian military firefighter cohort: the Brazilian
firefighter’s study. The Journal of Strength and Conditioning Research, 30(1), 33-38.

https://doi:10.1519/JSC.0000000000001039

Noh, J.,, Lee, C. J., Hyun, D. S., Kim, W., Kim, M. J., Park, K. S., Koh, S., Chang, S.J., Kim,
C., & Park, S. (2020). Blood pressure and the risk of major adverse cardiovascular
events among firefighters. ~ Journal of Hypertension, 38(5), 850-857.

https://doi.org/10.1097/HJH.0000000000002336

Nor, N., Lee, C. J., Park, K. S., Chang, S. J., Kim, C., & Park, S. (2019). The Risk of Mortality
and Cardiovascular Disease Is Increased in Firefighters with Elevated Blood Pressure
Compared to The @ General Population. Journal ~ of Hypertension, 37, ell.

https://doi:10.1097/01.hjh.0000570476.35662.28

Nordestgaard, B. G., & Benn, M. (2017). Genetic testing for familial hypercholesterolaemia is
essential in individuals with high LDL cholesterol: who does it in the world? European

Heart Journal, 38, 1580-1583. https://doi:10.1093/eurheartj/ehx136

Oktay, A. A., Lavie, C. J., Kokkinos, P. F., Parto, P., Pandey, A., & Ventura, H. O. (2017). The
interaction of cardiorespiratory fitness with obesity and the obesity paradox in
cardiovascular disease. Progress in Cardiovascular Diseases, 60(1), 30-44.

https://doi.org/10.1016/j.pcad.2017.05.005

http://etd%\l/vc.ac.za/


https://doi.org/10.3389/fpubh.2017.00206
https://doi:10.1519/JSC.0000000000001039
https://doi.org/10.1097/HJH.0000000000002336
https://doi:10.1097/01.hjh.0000570476.35662.28
https://doi:10.1093/eurheartj/ehx136
https://doi.org/10.1016/j.pcad.2017.05.005

Ortega, F. B., Lavie, C. J., & Blair, S. N. (2016). Obesity and -cardiovascular
disease. Circulation Research, 118(11), 1752-1770.

https://doi.org/10.1161/CIRCRESAHA.115.306883

Pandey, A., Patel, K. V., & Lavie, C. J. (2018). Obesity, central adiposity, and fitness:
understanding the obesity paradox in the context of other cardiometabolic parameters.
Mayo Clinic Proceedings, 93(6), 676-678.

https://doi.org/10.1016/j.mayocp.2018.04.015

Paneni, F., Cafiestro, C. D., Libby, P., Lischer, T. F., & Camici, G. G. (2017). The aging
cardiovascular system: understanding it at the cellular and clinical levels. Journal of the
American College of Cardiology, 69(15), 1952-1967.

https://d0i:10.1016/j.jacc.2017.01.064

Park, L. G., Dracup, K., Whooley, M. A., McCulloch, C., Lai, S., & Howie-Esquivel, J. (2019).
Sedentary lifestyle —associated with mortality in rural patients with heart
failure. European Journal of Cardiovascular Nursing, 18(4), 318-324.

https://doi.org/10.1177%2F1474515118822967

Perini, T. A., de Oliveira, G. L., Ornellas, J. D. S., & de Oliveira, F. P. (2005). Technical error
of measurement in anthropometry. Rev Bras Med Esporte, 11(1), 81-85.

https://www.researchgate.net/profile/Talita Oliveira3/publication/262707035 Tec

hnical error of measurement in anthropometry English version/links/5d4046ca

299bf1995h57a21d/Technical-error-of-measurement-in-anthropometry-English-

version.pdf

http://etd%%vc.ac.za/


https://doi.org/10.1161/CIRCRESAHA.115.306883
https://doi.org/10.1016/j.mayocp.2018.04.015
https://doi:10.1016/j.jacc.2017.01.064
https://doi.org/10.1177%2F1474515118822967
https://www.researchgate.net/profile/Talita_Oliveira3/publication/262707035_Technical_error_of_measurement_in_anthropometry_English_version/links/5d4046ca299bf1995b57a21d/Technical-error-of-measurement-in-anthropometry-English-version.pdf
https://www.researchgate.net/profile/Talita_Oliveira3/publication/262707035_Technical_error_of_measurement_in_anthropometry_English_version/links/5d4046ca299bf1995b57a21d/Technical-error-of-measurement-in-anthropometry-English-version.pdf
https://www.researchgate.net/profile/Talita_Oliveira3/publication/262707035_Technical_error_of_measurement_in_anthropometry_English_version/links/5d4046ca299bf1995b57a21d/Technical-error-of-measurement-in-anthropometry-English-version.pdf
https://www.researchgate.net/profile/Talita_Oliveira3/publication/262707035_Technical_error_of_measurement_in_anthropometry_English_version/links/5d4046ca299bf1995b57a21d/Technical-error-of-measurement-in-anthropometry-English-version.pdf

Perroni, F., Cignitti, L., Cortis, C., & Capranica, L. (2014). Physical fitness profile of
professional Italian firefighters: Differences among age groups. Applied

Ergonomics, 45(3), 456-461. https://doi.org/10.1016/j.apergo.2013.06.005

Peters, S. A., Singhateh, Y., Mackay, D., Huxley, R. R., & Woodward, M. (2016). Total
cholesterol as a risk factor for coronary heart disease and stroke in women compared
with men: A systematic review and meta-analysis. Atherosclerosis, 248, 123-131.

https://doi.org/10.1016/j.atherosclerosis.2016.03.016

Planinc, N., Kokalj-Kokot, M., Pajk, A., & Zupet, P. (2016). Analysis of voluntary firefighters’
health status in Slovenia. British Journal of Sports Medicine, 50, A88-A89.

http://dx.doi.org/10.1136/bjsports-2016-097120.153

Plat, M. C. J., Frings-Dresen, M. H., & Sluiter, J. K. (2012). Diminished health status in
firefighters. Ergonomics, 55(9), 1119-1122.

https://doi.org/10.10806/00140139.2012.697581

Pillutla, P., Li, D., Ahmadi, N., & Budoff, M. J. (2012). Comparison of coronary calcium in
firefighters with abnormal stress test findings and in asymptomatic non-firefighters
with abnormal stress test findings. The American Journal of Cardiology, 109(4),

511-514. https://doi.org/10.1016/j.amjcard.2011.09.044

Polsky, J. Y., Moineddin, R., Glazier, R. H., Dunn, J. R., & Booth, G. L. (2016). Relative and
absolute availability of fast-food restaurants in relation to the development of
diabetes: A population-based cohort study. Canadian Journal of Public

Health, 107(1), eS27-eS33. https://doi.org/10.17269/CJPH.107.5312

http://etd%‘?’/vc.ac.za/


https://doi.org/10.1016/j.apergo.2013.06.005
https://doi.org/10.1016/j.atherosclerosis.2016.03.016
http://dx.doi.org/10.1136/bjsports-2016-097120.153
https://doi.org/10.1080/00140139.2012.697581
https://doi.org/10.1016/j.amjcard.2011.09.044
https://doi.org/10.17269/CJPH.107.5312

Poorolajal, J., Farbakhsh, F., Mahjub, H., Bidarafsh, A., & Babaee, E. (2016). How much
excess body weight, blood sugar, or age can double the risk of hypertension? Public

Health, 133, 14-18. https://doi.org/10.1016/j.puhe.2015.10.014

Porto, L. G. G., Schmidt, A. C. B., De Souza, J. M., Nogueira, R. M., Fontana, K. E., Molina,
G.E., Korre, M., Smith, D.L., Junqueira Jr, L.F., & Kales, S. N. (2019). Firefighters’
basal cardiac autonomic function and its associations with cardiorespiratory fitness.

Work, 62(3), 485-495. https://doi.org/10.3233/WOR-192883

Poston, W. S., Haddock, C. K., Jahnke, S. A., Jitnarin, N., Tuley, B. C., & Kales, S. N. (2011).
The prevalence of overweight, obesity, and substandard fitness in a population-
based firefighter  cohort. Journal of Occupational and Environmental

Medicine, 53(3), 266. https.//dx.doi.org/10.1097%2FJOM.0b013e31820af362

Poston, W. S., Haddock, C. K., Jahnke, S. A., Jitnarin, N., & Day, R. S. (2013). An examination
of the benefits of health promotion programs for the national fire service. BioMed

Central Public Health, 13(1); 805: https://doi.org/10.11.86/1471-2458-13-805

Poston, W. S., Haddock, C. K., Jahnke, S. A., Jitnarin, N., Day, R. S., & Daniels, I. D. (2014).
Health disparities among racial and ethnic minority firefighters. Journal of Health
Disparities Research and Practice, 7(5), 8.

https://digitalscholarship.unlv.edu/jhdrp/vol7/iss5/8

Poznyak, A., Grechko, A. V., Poggio, P., Myasoedova, V. A., Alfieri, V., & Orekhov, A. N.
(2020). The diabetes mellitus—atherosclerosis connection: the role of lipid and glucose
metabolism and chronic inflammation. International Journal of Molecular

Sciences, 21(5), 1835. https://doi.org/10.3390/ijms21051835

http://etd%%vc.ac.za/


https://doi.org/10.1016/j.puhe.2015.10.014
https://doi.org/10.3233/WOR-192883
https://dx.doi.org/10.1097%2FJOM.0b013e31820af362
https://doi.org/10.1186/1471-2458-13-805
https://digitalscholarship.unlv.edu/jhdrp/vol7/iss5/8
https://doi.org/10.3390/ijms21051835

Rahimi, N. A., Sedek, R., & Teh, A. H. (2016). Body mass index and body composition among
rescue firefighter’s personnel in Selangor, Malaysia. Conference Proceedings, 1784(1),

030048. https://doi.org/10.1063/1.4966786

Rai, R. H., Asif, M., & Malhotra, N. (2018). Reliability of the international physical activity
questionnaire-short form (IPAQ-SF) for young adults in India. European Journal of

Physical Education and Sport Science. https://doi.org/10.5281/zenodo.2222256

Ranasinghe, P., Cooray, D. N., Jayawardena, R., & Katulanda, P. (2015). The influence of
family history of hypertension on disease prevalence and associated metabolic risk
factors among Sri Lankan adults. BioMed Central Public Health, 15(1), 576.

https://doi.org/10.1186/s12889-015-1927-7

Ratchford, E. V., Carson, K. A., Jones, S. R., & Ashen, M. D. (2014). Usefulness of coronary
and carotid imaging rather than traditional atherosclerotic risk factors to identify
firefighters at increased risk for cardiovascular disease. The American Journal of

Cardiology, 113(9), 1499-1504. https://doi.org/10.1016/j.amjcard.2014.02.003

Reddy, S. P., Resnicow, K., James, S., Funani, I. N., Kambaran, N. S., Omardien, R., Masuka,
P., Sewpaul, R., Vaughan, R.D., & Mbewu, A. (2012). Rapid increases in overweight
and obesity among South African adolescents: comparison of data from the South
African national youth risk behaviour survey in 2002 and 2008. American Journal of

Public Health, 102(2), 262-268. https://doi.org/10.2105/AJPH.2011.300222

Reinberg, A. E., Smolensky, M. H., Riedel, M., Riedel, C., Brousse, E., & Touitou, Y. (2017).
Do night and around-the-clock firefighters’ shift schedules induce deviation in tau from
24 hours of systolic and diastolic blood pressure circadian rhythms? Chronobiology

International, 34(8), 1158-1174. https://doi.org/10.1080/07420528.2017.1343833

http://etd%\sfvc.ac.za/


https://doi.org/10.1063/1.4966786
https://doi.org/10.5281/zenodo.2222256
https://doi.org/10.1186/s12889-015-1927-7
https://doi.org/10.1016/j.amjcard.2014.02.003
https://doi.org/10.2105/AJPH.2011.300222
https://doi.org/10.1080/07420528.2017.1343833

Risavi, B. L., & Staszko, J. (2016). Prevalence of risk factors for coronary artery disease in
Pennsylvania (USA) firefighters. Prehospital and Disaster Medicine, 31(1), 102-107.

https://doi:10.1017/S1049023X15005415

Roozen, G. V. T., Vos, A. G., Tempelman, H. A., Venter, W. D. F., Grobbee, D. E.,
Scheuermaier, K., & Klipstein-Grobusch, K. (2019). Cardiovascular disease risk and
its determinants in people living with HIV across different settings in South Africa. HIV

Medicine. https://doi.org/10.1111/hiv.12831

Sanda, B., Vistad, I., Haakstad, L. A. H., Berntsen, S., Sagedal, L. R., Lohne-Seiler, H., &
Torstveit, M. K. (2017). Reliability and concurrent validity of the International Physical
Activity Questionnaire short form among pregnant women. BioMed Central Sports
Science, Medicine and Rehabilitation, 9(1), 7.

https://doi.org/10.1186/513102-017-0070-4

Santora, L. J., Pillutla, P., Norris, T., Santora, R., Brandt, R., Jenkins, M., Robinson, M.,
Santora, N., & Budoff, M. J. (2013). Coronary calcium scanning independently detects
coronary artery disease in asymptomatic firefighters: A prospective study. Journal of
Cardiovascular Computed Tomography, 7(1), 46-50.

https://doi.org/10.1016/j.jcct.2012.07.003

Savall, A., Charles, R., Binazet, J., Frey, F., Trombert, B., Fontana, L., Barthélémy, J.C., &
Pelissier, C. (2018). Volunteer and career French firefighters with high cardiovascular
risk: epidemiology and exercise tests. Journal of Occupational and Environmental

Medicine, 60(10), e548-e553. https://doi:10.1097/JOM.0000000000001426

http://etd%(\sfvc.ac.za/


https://doi:10.1017/S1049023X15005415
https://doi.org/10.1111/hiv.12831
https://doi.org/10.1186/s13102-017-0070-4
https://doi.org/10.1016/j.jcct.2012.07.003
https://doi:10.1097/JOM.0000000000001426

Sayols-Baixeras, S., Lluis-Ganella, C., Lucas, G., & Elosua, R. (2014). Pathogenesis of
coronary artery disease: focus on genetic risk factors and identification of genetic
variants. The Application of Clinical Genetics, 7, 15.

https://dx.doi.org/10.2147%2FTACG.S35301

Schéfer, M., Myers, C., Brown, R. D., Frid, M. G., Tan, W., Hunter, K., & Stenmark, K. R.
(2016). Pulmonary arterial stiffness: toward a new paradigm in pulmonary arterial
hypertension pathophysiology and assessment. Current Hypertension Reports, 18(1),

4. https://doi.org/10.1007/s11906-015-0609-2

Schane, R. E., Ling, P. M., & Glantz, S. A. (2010). Health effects of light and intermittent
smoking: a review. Circulation, 121(13), 1518-1522.

https://doi.org/10.1161/CIRCULATIONAHA.109.904235

Schmidt, C., & Mckune, A. (2012). Association between physical fitness and job performance
in fire-fighters. Journal of the Ergonomics Society of South Africa, 24(2), 44-57.

https://hdl.handle.net/10520/EJC132052

Schouw, D., Mash, R., & Kolbe-Alexander, T. (2018). Risk factors for non-communicable
diseases in the workforce at a commercial power plant in South Africa. Occupational
Health Southern Africa, 24(5), 145-152.

https://hdl.handle.net/10520/EJC-11788d94f9

Seyedmehdi, S. M., Attarchi, M., Cherati, A. S., Hajsadeghi, S., Tofighi, R., & Jamaati, H.
(2016). Relationship of aerobic fitness with cardiovascular risk factors in

firefighters. Work, 55(1), 155-161. https://doi:10.3233/WOR-162375

Shah, S., Abbas, G., Hanif, M., Anees-Ur-Rehman, Zaman, M., Riaz, N., Hassan, S.U., Saleem,

U., & Shah, A. (2019). Increased burden of disease and role of health economics: Asia-

http://etd%z/vc.ac.za/


https://dx.doi.org/10.2147%2FTACG.S35301
https://doi.org/10.1007/s11906-015-0609-2
https://doi.org/10.1161/CIRCULATIONAHA.109.904235
https://hdl.handle.net/10520/EJC132052
https://hdl.handle.net/10520/EJC-11788d94f9
https://doi:10.3233/WOR-162375

pacific region. Expert Review of Pharmacoeconomics and Outcomes Research, 19(5),

517-528. https://doi.org/10.1080/14737167.2019.1650643

Shulman, G. 1. (2014). Ectopic fat in insulin resistance, dyslipidemia, and cardiometabolic
disease. New England Journal of Medicine, 371(12), 1131-1141.

https://doi:10.1056/NEJMral011035

Sliwa, K., Acquah, L., Gersh, B. J., & Mocumbi, A. O. (2016). Impact of socioeconomic status,
ethnicity, and urbanization on risk factor profiles of cardiovascular disease in
Africa. Circulation, 133(12), 1199-1208.

https://doi.org/10.1161/CIRCULATIONAHA.114.008730

Smith, D. L., Barr, D. A., & Kales, S. N. (2013). Extreme sacrifice: sudden cardiac death in
the US Fire Service. Extreme Physiology and Medicine, 2(1), 6.

https://doi.org/10.1186/2046-7648-2-6

Smith, D. L., DeBlois, J. P., Kales, S. N., & Horn, G. P. (2016a). Cardiovascular strain of
firefighting and the risk of sudden cardiac events. Exercise and Sport Sciences

Reviews, 44(3), 90-97. https://doi:10.1249/JES.0000000000000081

Smith, D. L., Fehling, P. C., Frisch, A., Haller, J. M., Winke, M., & Dailey, M. W. (2012). The
prevalence of cardiovascular disease risk factors and obesity in firefighters. Journal

of Obesity, 2012. https://doi:10.1155/2012/908267

Smith, D. L., Graham, E., Stewart, D., & Mathias, K. C. (2020). Cardiovascular Disease Risk
Factor Changes Over 5 Years Among Male and Female US Firefighters. Journal of

Occupational and Environmental Medicine, 2020.

https://doi:10.1097/JOM.0000000000001846

http://etd%f\gfvc.ac.za/


https://doi.org/10.1080/14737167.2019.1650643
https://doi:10.1056/NEJMra1011035
https://doi.org/10.1161/CIRCULATIONAHA.114.008730
https://doi.org/10.1186/2046-7648-2-6
https://doi:10.1249/JES.0000000000000081
https://doi:10.1155/2012/908267
https://doi:10.1097/JOM.0000000000001846
https://doi:10.1097/JOM.0000000000001846

Smith, D. L., Haller, J. M., Korre, M., Sampani, K., Porto, L. G. G., Fehling, P. C., Christophi,
C.A., & Kales, S. N. (2019). The relation of emergency duties to cardiac death
among US firefighters. American Journal of Cardiology, 123(5), 736-741.

https://doi.org/10.1016/j.amjcard.2018.11.049

Smith, D. L., Horn, G. P., Woods, J., Ploutz-Snyder, R., & Fernhall, B. (2016b). Effect of
aspirin supplementation on hemostatic responses in firefighters aged 40 to 60

years. The American Journal of Cardiology, 118(2), 275-280.

Smith, D. L., Petruzzello, S. J., Goldstein, E., Ahmad, U., Tangella, K., Freund, G. G., & Horn,
G. P. (2011). Effect of live-fire training drills on firefighters’ platelet number and
function. Prehospital Emergency Care, 15(2), 233-239.

https://doi.org/10.3109/10903127.2010.545477

Soares, E. M. K. V. K., d, D., & Porto, L. G. (2020). Worldwide prevalence of obesity among
firefighters: A systematic review protocol. British Medical Journal Open, 10(1), 1-

5. https://doi.org/10.1136/bmjopen-2019-031282

Soteriades, E. S., Hauser, R., Kawachi, I., Christiani, D. C., & Kales, S. N. (2008). Obesity and
risk of job disability in male firefighters. Occupational Medicine, 58(4), 245-250.

https://doi.org/10.1093/occmed/kgm153

Soteriades, E. S., Hauser, R., Kawachi, I., Liarokapis, D., Christiani, D. C., & Kales, S. N.
(2005). Obesity and cardiovascular disease risk factors in firefighters: a prospective
cohort study. Obesity Research, 13(10), 1756-1763.

https://doi.org/10.1038/0by.2005.214

http://etd%%vc.ac.za/


https://doi.org/10.1016/j.amjcard.2018.11.049
https://doi.org/10.3109/10903127.2010.545477
https://doi.org/10.1136/bmjopen-2019-031282
https://doi.org/10.1093/occmed/kqm153
https://doi.org/10.1038/oby.2005.214

Soteriades, E. S., Kales, S. N., Liarokapis, D., & Christiani, D. C. (2003). Prospective
surveillance of hypertension in firefighters. Journal of Clinical Hypertension, 5(5),

315-320. https://doi.org/10.1111/j.1524-6175.2003.02058.x

Soteriades, E. S., Kales, S. N., Liarokapis, D., Christoudias, S. G., Tucker, S. A., & Christiani,
D. C. (2002). Lipid profile of firefighters over time: opportunities for
prevention. Journal of Occupational and Environmental Medicine, 44(9), 840-846.

https://doi.org/10.1097/01.jom.0000026643.83602.e7

Soteriades, E. S., Psalta, L., Leka, S., & Spanoudis, G. (2019). Occupational stress and
musculoskeletal symptoms in firefighters. International Journal of Occupational
Medicine and Environmental Health, 32(3), 341-352.

https://doi.org/10.13075/ijomeh.1896.01268

Soteriades, E. S., Smith, D. L., Tsismenakis, A. J., Baur, D. M., & Kales, S. N. (2011).
Cardiovascular disease in US firefighters: A systematic review. Cardiology in

Review, 19(4), 202-215. https://d0i.org/10.1097/CRD.0b013e318215¢105

Steenman, M., & Lande, G. (2017). Cardiac aging and heart disease in humans. Biophysical

Reviews, 9(2), 131-137. https://doi.org/10.1007/s12551-017-0255-9

Sternfeld, B., Ngo, L., Satariano, W. A., & Tager, I. B. (2002). Associations of body
composition with physical performance and self-reported functional limitation in
elderly men and women. American Journal of Epidemiology, 156(2), 110-121.

https://doi.org/10.1093/aje/kwf025

Stokes, A., Berry, K. M., Mchiza, Z., Parker, W. ah, Labadarios, D., Chola, L., Hongoro, C.,
Zuma, K., Brennan, A.T., Rockers, P.C., & Rosen, S. (2017). Prevalence and unmet

need for diabetes care across the care continuum in a national sample of South African

http://etd%?xvc.ac.za/


https://doi.org/10.1111/j.1524-6175.2003.02058.x
https://doi.org/10.1097/01.jom.0000026643.83602.e7
https://doi.org/10.13075/ijomeh.1896.01268
https://doi.org/10.1097/CRD.0b013e318215c105
https://doi.org/10.1007/s12551-017-0255-9
https://doi.org/10.1093/aje/kwf025

adults: Evidence from the SANHANES-1, 2011-2012. Public Library of Science ONE,

12(10), 2011-2012. https://doi.org/10.1371/journal.pone.0184264

Strau3, M., Foshag, P., Przybylek, B., Horlitz, M., Lucia, A., Sanchis-Gomar, F., & Leischik,
R. (2016). Occupation and metabolic syndrome: is there correlation? A cross sectional
study in different work activity occupations of German firefighters and office
workers. Diabetology and Metabolic Syndrome, 8(1), 57.

https://doi.org/10.1186/s13098-016-0174-0

Superko, H. R., Momary, K. M., Pendyala, L. K., Williams, P. T., Frohwein, S., Garrett, B. C.,
Skrifvars, C., Gadesam, R., King Ill, S.B., Rolader, S, & Polite, S. (2011). Firefighters,

heart disease, and aspects of insulin resistance. Journal of Occupational and

Environmental Medicine, 53(7), 758-764.

https://d0i:10.1097/jom.0b013e31821f64c3

Tangvarasittichai, S. (2015). Oxidative stress, insulin resistance, dyslipidemia and type 2
diabetes mellitus. Waorld Journal of Diabetes, 6(3), 456.

https://dx.doi.orq/10:4239%2Fwjd.v6.i3.456

Thomsen, M., & Nordestgaard, B. G. (2014). Myocardial infarction and ischemic heart disease

in overweight and obesity with and without metabolic syndrome. The Journal of the
American Medical Association Internal Medicine, 174(1), 15-22.

https://doi:10.1001/jamainternmed.2013.10522

Timmis, A., Townsend, N., Gale, C. P., Torbica, A., Lettino, M., Petersen, S. E., Mossialos,
E.A., Maggioni, A.P., Kazakiewicz, D., May, H.T., & De Smedt, D. (2020). European

Society of Cardiology: cardiovascular disease statistics 2019. European Heart

Journal, 41(1), 12-85. https://doi.org/10.1093/eurheartj/ehz859

http://etd%\l/vc.ac.za/


https://doi.org/10.1371/journal.pone.0184264
https://doi.org/10.1186/s13098-016-0174-0
https://doi:10.1097/jom.0b013e31821f64c3
https://dx.doi.org/10.4239%2Fwjd.v6.i3.456
https://doi:10.1001/jamainternmed.2013.10522
https://doi.org/10.1093/eurheartj/ehz859

Tsujimoto, T., Kajio, H., & Sugiyama, T. (2016). Risks for cardiovascular and cardiac deaths
in nonobese patients with diabetes and coronary heart disease. Mayo Clinic

Proceedings, 91(11), 1545-1554. https://doi.org/10.1016/].mayocp.2016.08.018

Turin, T. C., Okamura, T., Rumana, N., Afzal, A. R., Watanabe, M., Higashiyama, A., Nakao,
Y.M., Nakai, M., Takegami, M., Nishimura, K., & Miyamoto, Y. (2017). Diabetes and
lifetime risk of coronary heart disease. Primary Care Diabetes, 11(5), 461-466.

https://doi.org/10.1016/j.pcd.2017.04.007

Ulijaszek, S. J., & Kerr, D. A. (1999). Anthropometric measurement error and the assessment
of nutritional status. British Journal of Nutrition, 82(03), 165.

https://doi:10.1017/s0007114599001348

Valerio, L., Peters, R. J., Zwinderman, A. H., & Pinto-Sietsma, S. J. (2016). Association of
family history with cardiovascular disease in hypertensive individuals in a multiethnic
population. Journal - of the American Heart Association, 5(12), e004260.

https://doi.org/10.1161/JAHA.116.004260

Walker, A., Driller, M., Argus, C., Cooke, J., & Rattray, B. (2014). The ageing Australian
firefighter: An argument for age-based recruitment and fitness standards for urban
fire services. Ergonomics, Vol. 57, pp. 612—621.

https://doi.org/10.1080/00140139.2014.887790.

Wellen, K. E., & Hotamisligil, G. S. (2005). Inflammation, stress, and diabetes. The Journal of

Clinical Investigation, 115(5), 1111-1119. https://doi.org/10.1172/JC125102

Wolkow, A., Netto, K., Langridge, P., Green, J., Nichols, D., Sergeant, M., & Aisbett, B.
(2012). Cardiovascular risk screening of volunteer firefighters. Proceedings of

Bushfire CRC & AFAC 2012 Conference Research Forum, (28).

http://etd%%vc.ac.za/


https://doi.org/10.1016/j.mayocp.2016.08.018
https://doi.org/10.1016/j.pcd.2017.04.007
https://doi:10.1017/s0007114599001348
https://doi.org/10.1161/JAHA.116.004260
https://doi.org/10.1080/00140139.2014.887790
https://doi.org/10.1172/JCI25102

Wolkow, A., Netto, K., Langridge, P., Green, J., Nichols, D., Sergeant, M., & Aisbett, B.
(2014). Coronary heart disease risk in volunteer firefighters in Victoria,
Australia. Archives of Environmental and Occupational Health, 69(2), 112-120.

https://doi.org/10.1080/19338244.2012.750588

Wilkinson, M. L., Brown, A. L., Poston, W. S. C., Haddock, C. K., Jahnke, S. A., & Day, R.
S. (2014). Physician weight recommendations for overweight and obese firefighters,
United States, 2011-2012. Preventing Chronic Disease, 11(7), 1-9.

https://doi.org/10.5888/pcd11.140091

Wilson, P. W., Hoeg, J. M., D'Agostino, R. B, Silbershatz, H., Belanger, A. M., Poehlmann,
H., O'leary, D., & Wolf, P. A. (1997). Cumulative effects of high cholesterol levels,
high blood pressure, and cigarette smoking on carotid stenosis. New England

Journal of Medicine, 337(8), 516-522. https://doi:10.1056/NEJM199708213370802

Winter, F. D., Seals, N., Martin, J., & Russell, B. (2010). Implementation of the first wellness-
fitness evaluation for the dallas fire-rescue department. Baylor University Medical
Center Proceedings, 23(3), 235-238.

https://doi.org/10.1080/08998280.2010.11928625

Yang, J., Teehan, D., Farioli, A., Baur, D. M., Smith, D., & Kales, S. N. (2013). Sudden cardiac
death among firefighters older than 45 years of age in the United States. American
Journal of Cardiology, 112(12), 1962-1967.

https://doi.org/10.1016/j.amjcard.2013.08.029

Yeo, R., Yoon, S. R., & Kim, O. Y. (2017). The association between food group consumption

patterns and early metabolic syndrome risk in non-diabetic healthy

http://etd%‘?’/vc.ac.za/


https://doi.org/10.1080/19338244.2012.750588
https://doi.org/10.5888/pcd11.140091
https://doi:10.1056/NEJM199708213370802
https://doi.org/10.1080/08998280.2010.11928625
https://doi.org/10.1016/j.amjcard.2013.08.029

people. Clinical Nutrition Research, 6(3), 172-182.

https://doi.org/10.7762/cnr.2017.6.3.172

Yoo, H. L., & Franke, W. D. (2009). Prevalence of cardiovascular disease risk factors in
volunteer firefighters. Journal of Occupational and Environmental Medicine,

51(8), 958-962. https://doi.org/10.1097/JOM.0b013e3181af3a58

Yook, Y. S. (2019). Firefighters’ occupational stress and its correlations with cardiorespiratory
fitness, arterial stiffness, heart rate variability, and sleep quality. Public Library of

Science One, 14(12), 1-9. https://doi.org/10.1371/journal.pone.0226739

Yu,C.C.W., Au,C. T, Lee, F. Y.F., So,R. C. H., Wong, J. P. S., Mak, G. Y. K., Chien, E.P.,
& McManus, A. M. (2015). Association between leisure time physical activity,
cardiopulmonary fitness, cardiovascular risk factors, and cardiovascular workload
at work in firefighters. Safety and Health at Work, 6(3), 192-199.

https://doi.org/https://doi.org/10.1016/j.shaw.2015.02.004

Zachmeier, N. B., Han, H., King, A. C., Vanness, J. M., Villalobos, C., & Jensen, C. D. (2018).
Risk of cardiovascular disease in American firefighters: an intervention is
warranted. Medicine and Science in Sports and Exercise, 50(5S), 189.

https://doi:10.1249/01.mss.0000535709.37438.81

Zhang, J., Yang, Z., Xiao, J., Xing, X., Lu, J., Weng, J., Jia, W., Ji, L., Shan, Z., Liu, J., & Tian,
H. (2015). Association between family history risk categories and prevalence of

diabetes in Chinese population. Public Library of Science ONE, 10(2).

https://dx.doi.org/10.1371%2Fjournal.pone.0117044

http://etd%%vc.ac.za/


https://doi.org/10.7762/cnr.2017.6.3.172
https://doi.org/10.1097/JOM.0b013e3181af3a58
https://doi.org/10.1371/journal.pone.0226739
https://doi.org/https:/doi.org/10.1016/j.shaw.2015.02.004
https://doi:10.1249/01.mss.0000535709.37438.81
https://doi:10.1249/01.mss.0000535709.37438.81
https://dx.doi.org/10.1371%2Fjournal.pone.0117044

APPENDIX A: INFORMATION LETTER

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: Prevalence of Coronary Artery Disease Risk Factors in Firefighters in

the City of Cape Town Fire and Rescue Service

Dear Participant,

Introduction

This is an invitation for you to participate in a scientific study. This information sheet will help
you to decide whether or not you would like to participate in this study. Before you decide to
participate it is required for you to fully understand what is involved in this study. If there are
any questions regarding this study that this sheet cannot explain to you, please feel free to ask

the interviewer the questions.

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 possible coronary artery disease (CAD) risk factors. This will give an indication of the
areas you need to focus on in order to improve your future results, as well as contribute to
research which could benefit other firefighters in future, when looking at common trends

regarding CAD risk factors amongst firefighters.

What will | be asked to do if | agree to participate?

http://etd%\%vc.ac.za/
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You will be asked to complete a consent form before any information or data is recorded.
Participation may range from filling in a questionnaire to participating in a CAD risk
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 on duty. The duration of each assessment
may be varied, however, this will be established and communicated to you. Questions you will
complete will include information about cigarette smoking, family history of heart disease, age,
ethnicity and gender. CAD risk assessments will include measuring resting blood pressure
(BP), fasting glucose, total cholesterol, waist, hip, height and weight.

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 the
comfort of the fire station. All recorded data will be kept confidential by replacing your name
with numeric codes, and saving the information within a private folder which will be reviewed
only by the researcher and supervisor of this research project. If we write a report or article

about this research project, your identity will be protected.

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 anxious, due to having fears of possible 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 transferring viruses
from one person to another will be prevented by using gloves when administrating blood
samples and using an experienced researcher who will adhere to the universal precautions of

safety.

What are the benefits of this research?

The benefits to you include personal enrichment and awareness of your current risk
stratification. As a firefighter you will be able to establish which areas of your lifestyle need-to
be altered in order to maintain your health and well-being, as well as improve your results in

future health assessments.
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Do I have to be in this research and may | 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 any negative effects of a severe nature occur, medical support will be contacted. Emergency
care will be taken by the researcher who is a qualified first aider (Level 3) to support you until

medical support arrives.

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: Dr Marie Young
University of the Western Cape
Private Bag X17

Bellville, 7535

Email: myoung@uwec.ac.za

Dean CHS: Prof Anthea Rhoda

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 Senate Research
Committee and 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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APPENDIX B: CONSENT FORM

UNIVERSITY OF THE WESTERN CAPE

i Private Bag X 17, Bellville, 7535, South Africa
Tel: +27 21-959 2409 Fax: 27 21-959 3688

E-mail: 3405618@myuwec.ac.za

CONSENT FORM

Title of the Research Project: Prevalence of Coronary Artery Disease Risk Factors
in Firefighters in the City of Cape Town Fire and

Rescue Service

The study has been described to me in language that | understand and | freely and voluntarily
agree to participate. My questions about the study have been answered. | understand that my
identity will not be disclosed and that | may withdraw from the study without giving a reason

at any time and this will not negatively affect me in any way.

Participant’s Dame: ...iiiiiiiiiiiieieiiiaesieesnistse s st s s s s s e nee

Participant’s SigNature:  .....coeeieeiieniienieieeiatiieeiarieciesieccsesiscencnns

1D = | (<
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APPENDIX C: DATA RECORDING SHEET

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@myuwec.ac.za

Project Title: Prevalence of Coronary Artery Disease Risk Factors in Firefighters in the

City of Cape Town fire and Rescue Service

Data Recording Sheet

Participant Alpha-numeric code

Information Ethnicity (B, C, I, W)

Sex (Male=1, female=2). Indicate with

a number

Date of Birth

Do you have any past or present medical conditions?

Medical 1. Are you currently taking any Yes O No o
Information medication?

Please state if any:

2. Do you have a family history of Yes O No O
heart disease?
[i.e., myocardial infarction, coronary | Please state if any:

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

http://etd%%vc.ac.za/
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Lifestyle

Information

mother or other female first-degree

relative (i.e., sister or daughter)]

3. Do you presently have any physical

(orthopaedic) injuries?

Yes O No o

Please state if any:

4. If you answered positively in

guestion 3 above, are you currently
receiving treatment for the physical

injuries?

Yes O No o

Please state if any State:

5. Do you currently smoke cigarettes,

or any other recreational substance?

Yes O No o

Please state if any State:

If yes, please state the average number of

cigarettes or packets you smoke per day:

Number of cigarettes: per day or
Number of packets: per day.
6. For previous cigarette smokers, if Yes O No o Not applicable O
you currently do not smoke, have
you quit in the last 6 months? State:
7. Do you currently drink alcohol? Yes O No O

If yes, please state the common type(s) and

average number of drinks you consume:

Type(s) of Alcohol:

http://etd%ﬁ?xvc.ac.za/




Number of Drinks: per day or
(e.g., 1 can of beer) per week or
per month

8. Do you currently take any other

drugs?

Yes O No o

If yes, please state the type(s) and average

number of drugs you consume:

Type(s) of Drug(s):

Number of Drugs: per day or
per week or
per month

9. Do you presently exercise in your
leisure time? Example, go to the

gym, play sport, go running, etc.

Yes i No o

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 O
(You sweat lightly)
heavy intensity: O

(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 i

moderate intensity O

heavy intensity: O
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10. Do you presently participate in yard
or gardening activities

Yes O No o

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 O
(You sweat lightly)
heavy intensity: O

(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 o

Moderate intensity O

heavy intensity: O

11. Does your occupation require high
amounts of physical activity? E.g.
standing for long periods, walking

continuously, heavy lifting etc.

Yes O No o

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 i

(You don’t sweat)
Moderate intensity O
(You sweat lightly)
heavy intensity: O

(You sweat heavily)
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If more than one, state the others below:

How often: days per week
How long: minutes per day
How hard: low intensity ]

Moderate intensity O

heavy intensity: O

12. How many minutes (If any)
transportation related physical
activity do you do?

Yes o No o

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 i

(You don’t sweat)
Moderate intensity O
(You sweat lightly)
heavy intensity: O

(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 i

moderate intensity O

heavy intensity: O
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13. Total minutes of physical activity

per week?

Low intensity:

Moderate intensity:

High Intensity:

Average minutes of exercise per week:

TEST DATA

Date of Measurement:

Time of Measurement: h
Measurements Measure. | Measure | Measure | Final

! 2 3 Measure
Body mass (kg)

Stretch stature (cm)

Waist girth (min.) (cm)

Hip girth (max.) (cm)

Systolic Blood Pressure (mm Hg)

Diastolic Blood Pressure (mm Hg)
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Non-Fasting Glucose (mmolsL?)

Total Cholesterol (mmoleL™?)
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APPENDIX D: LETTER OF PERMISSION TO THE CITY OF CAPE TOWN

13 June 2019

Ms Jameyah Armien
Organisational Research Branch

City of Cape Town

Dear Ms Armien

Re: UWC Research with the CCT Fire and Rescue Service

This letter pertains to the request for permission to conduct research in the City of
Cape Town (CCT) Fire and Rescue Service.

The following information or documents are submitted as requested by the City of
Cape Town, namely:

1. An approved research proposal that includes:
a. The research title and topic, a concise description of the research
project, and the research purpose and focus.

b. The research partners or organisations involved in the research:

The research partners are the CCT Fire and Rescue Service and the
Department of Sport, Recreation and Exercise Science, UWC.

c. A short summary of the literature and research framework.

A brief review of the literature related to the research on firefighters is
contained in the research proposal (refer to pages 5 — 9), as well as the
research framework (refer to page 5).

d. Details of the research methodology (including sampling, research
guestionnaire, intended analysis and management of the data post the
research).

e. A high-level research plan with timeframes and expected final research
completion date.

This information in also contained in the research proposal (refer to
page 32).
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2. A letter or document related to the research ethics pertaining to the research.

This is contained in the Ethical Considerations stated in the proposal (refer to
pages 12-13), and attached is an ethics clearance letter from the Biomedical
Research Ethics Committee at the University of the Western Cape.

3. Full details of how the research and information is planned to be used:

The research will be used primarily for degree purposes of Mr Ras and other
students who will be conducting research on firefighters. Mr J Ras

(student number: 3405618) is currently registered for an MSc degree in
Biokinetics in our department at UWC. The intention is to use the information
to positively impact the health and wellness of firefighters in the City of Cape
Town. Hopefully, the outcome of this research will help influence the overall
firefighters’ fitness-for-duty, and be protective on both the firefighters on duty,
as well as the broader public who will be provided with quality service by the
fire department that can ensure the safety of public lives and minimise the
damage to property, as a result of the fire emergency. The research is also
intended to help reduce the risk of injuries in firefighters, as well as minimise
the likelihood of them sustaining life-threatening cardiovascular events both on
and off duty. In addition, the intention is to have the research presented at
national and international conferences, as well as published in peer-reviewed
an accredited journals in order to disseminate the information to others who
can benefit from the information both locally and internationally.

Our department and |, specifically, have a long history with the City of Cape
Town Fire and Rescue Service that goes as far back as 1992, when we
assisted in the health and wellness programme of the Bellville Fire Department
under the Fire Station Commander Mr Cyprian Cairncross.

Since then, | have worked with the Fire Station Commander, Mr Mark Smith, in
establishing health-related physical fitness testing protocols for firefighters in
order to ensure that they are fit-for-duty, and remain so throughout their
career. Currently, | serve on an Advisory Task Team to the

Fire and Rescue Service together with other health practitioners, such as Dr
Brynt Cloete, who advise the Chief Fire Officer on the medical and physical
fitness testing of firefighters that is intended to become a standardised annual
programme and policy.

Our department has also been involved in the Toughest Firefighter Alive South
Africa (TFASA) competition in advising competing firefighters on their
preparation and training for the competition. This relationship is still in
operation for the competition this year in September. The intention is for Cape
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Town to produce the toughest firefighters at the competition, who will then
represent us at the international competition.

Our department is also involved in other research with the City of Cape Town,
such as the Western Cape on Wellness (WoW) Project that is intended to
positively impact the health and wellness of all municipal departments and
staff. The project has been operating for the past five years, and includes a
substantial amount of research that is conducted by the various universities in
the Cape Peninsula.

Our primary intention with this project is to establish quality support and
research with the City of Cape Town Fire and Rescue Service that will extend
well into the future. We would like our university to be the institution of choice
for all research related to the Fire Service that will hopefully establish them as
the best unit in the country, and Cape Town as the healthiest city.

4. Full details of what is specifically requested from the City of Cape Town for the
research, including data, information, documents and the identification of
potential CCT participants and how these are anticipated to be accessed.

We would like the City of Cape Town to grant permission in writing for the
research to be conducted amongst the firefighters in the City of Cape Town.
Once permission has been granted by the City of Cape Town for the research
to be conducted, this information will then be communicated to all the Fire
Station Commanders and firefighters through the Office of the Divisional
Commander, Mr lan Bell. All the necessary research information and
documents, such as the study information letter, consent form, and
guestionnaires, will be issued in hardcopy format by the researchers to the
relevant Station Commanders and firefighters in person. Arrangements will be
made with the Station Commanders to communicate the information and
details of the study to the firefighters both verbally and in writing. All firefighters
will be informed that their participation in the study is voluntary, and should
they choose to participate, they can stop participating or withdraw at any stage
without any negative consequences. All measurements will be taken at the
individual fire stations in Cape Town. Access to the firefighters will depend on
the instructions of the Station Commanders and the availability of the
firefighters when on or off duty. Understandably, if the firefighters are tested
when on duty, all testing will stop immediately in the presence of an
emergency call to the fire station. The testing will then resume on another
occasion that is convenient for the firefighters.

5. Full details of the expected impact on time for potential participants:

http://etd%ai\gfvc.ac.za/



Measurement of the CAD risk factors will take a maximum of 30 minutes per
firefighter in order to complete all the information required. The written
information will comprise the firefighters’ age, gender, race, family history of
heart disease, history of cigarette smoking, and physical activity habits. The
physical measurements will comprise measuring blood pressure, blood
cholesterol, fasting blood glucose, height, weight and waist and hips
circumferences.

6. The time period during which the research is planned to be conducted in the
City of Cape Town:

This research study by Mr Jaron Ras in planned to take place from July to
December 2019.

7. Details on any planned publishing of the research (hname of publication and
timeframes):

The research is planned to be published in peer-reviewed and the Department
of Higher education and Training (DHET) accredited journals, such as Health
SA and Occupational Health Southern Africa. The papers are planned for
submission for January — March 2020 and final publications in July —
December 2020 (refer to the research proposal, page 32).

Because the research is used for academic purposes, the following documents
were also requested by CCT, and are attached:

» Proof of current registration of the student at a Tertiary Institution. [J A letter
from the main supervisor confirming the candidate’s requirement to undertake
the research and details of the relevant course or study.

* A letter from the Tertiary Institution’s Ethics Committee or similar equivalent,
indicating approval of the research subject, topic and proposal.

This research study by Mr Jaron Ras is intended to be the first of many projects
which we intended conducting with the CCT Fire and Rescue Service. Additional
studies that are currently being submitted to the Biomedical Research Ethics
Committee, UWC, that are intended for implementation from July — December
2019 are the following, namely:

Mr Mathew Brooks (SN: 3043555): Relationship between health-related physical
fitness and functional occupational fitness of firefighters in the City of Cape Town
Fire and Rescue Service. MSc Degree in Biokinetics.
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Ms Gabriella Santos (SN: 3451042): The prevalence and risk factors of work-
related musculoskeletal disorders in firefighters in the City of Cape Town Fire and
Rescue Service. MSc Degree in Biokinetics.

Mr Ghaleelullah Achmat (SN: 2542036): The impact of a multiple health
intervention strategy on the coronary heart disease risk factors, health-risk
behaviours, health-related physical fithess levels, functional occupational fitness,
and musculoskeletal disorders in municipal firefighters. PhD degree.

This is an intervention study that is likely to extend from July 2019 to December
2020.

The relevant information for each of the above three studies, i.e., research
proposals, ethics clearance letters, and proofs of registration, will be made
available to CCT, once these studies have been approved by the Biomedical
Research Ethics Committee, UWC.

| hope that the information supplied is sufficiently informative and appropriate.
Nevertheless, | am willing to provide any additional information, as may be
requested by the City of Cape Town in order to support our request.

Thank you for your consideration in this matter, and we look forward to your reply
at your earliest convenience.

Yours sincerely

Prof L Leach

Research Supervisor
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APPENDIX E: ETHICS CLEARANCE LETTER
23 June 2020

Mr J Ras
SRES
Faculty of Community and Health Sciences

Ethics Reference Number: BM19/4/3

Project Title: Prevalence of Coronary Artery Disease risk factors in
firefighters in the City of Cape Town and Rescue Services.

Approval Period: 29 November 2019 — 29 November 2020

| hereby certify that the Biomedical Science Research Ethics Committee of the University
of the Western Cape approved the scientific methodology and ethics of the above mentioned
research project.

Any amendments, extension or other modifications to the protocol must be submitted to the
Ethics Committee for approval.

Please remember to submit a progress report in good time for annual renewal.
Permission to conduct the study must be submitted to BMREC for record-keeping.

The Committee must be informed of any serious adverse event and/or termination of the
study.

Ms Patricia Josias

Research Ethics Committee Officer
University of the Western Cape

Director: Research Development

University of the Western Cape

Private Bag X 17

Bellville 7535

Republic of South Africa

143 Tel: +27 21 959 4111

NHREC Registration Number: BMREC-130416-059ttp://etd-UWC-aC'Za/ Email: research-ethics@uwc.ac.za



APPENDIX F: TURN-IT-IN REPORT

Jaron Ras Masters Thesis

ORIGINALITY REPORT

21, 12 12+ 17

SIMILARITY INDEX INTERMET SOURCES  PUBLICATIONS STUDENT PAPERS

FRIMARY SOURCES

Submitted to University of the Western Cape

Student Faper

3%

=l

hdl.handle.net

Internet Source

29

@]

PanVascular Medicine, 2015.

Publication

1o

Elke A Westerkamp, Siobhan C Strike, Michael
Patterson. "Dietary intakes and prevalence of
overweight/obesity in/male non-dysvascular
lower limb-amputees”®, Prosthetics-and Orthotics
International,;.2018

Publication

1o

&

m.scirp.org

Intermet Source

<19

Submitted to London Metropolitan University

Student Paper

<1

Submitted to University of Stellenbosch, South
Africa

Student Paper

<19
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