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ABSTRACT

Adverse pregnancy outcomes among HIV-positive pregnant women treated
with efavirenz-containing antiretroviral drugs: A retrospective cohort study
on the Cape Flats
MM Mohammednur
PhD thesis in Pharmacology, School of Pharmacy, Faculty of Natural Sciences,
University of the Western Cape.
Background: The use of efavirenz (EFV) in the first trimester of pregnancy
remains controversial. In South Africa, the use of EFV-containing antiretroviral
therapy (ART) as part of a Fixed Dose Combination (FDC) during the first
trimester of pregnancy started in April, 2013. Literature to date has reported
conflicting outcomes following the use of EFV-containing ART during the first
trimester of pregnancy. The objectives of the study were to determine the
prevalence of adverse pregnancy outcomes among HIV-positive pregnant women
treated with EFV-containing ART and compare these results with those of pregnant
women treated with NVP-containing ART and HIV-negative pregnant women in
resource-limited settings. In addition, the study also aimed to determine the effect
of the time of initiation of ART on the prevalence of adverse pregnancy outcomes.

Method: A retrospective cohort study was conducted at conveniently selected
Maternity and Obstetric Units (MOUs): Khayelitsha (Site B) and Mitchell’s Plain.
The study included both HIV-positive and HIV-negative participants who attended
the study sites between 2010 and 2016. The HIV-positive participants were treated
with either EFV- or NVP-containing ART. Descriptive statistics, the chi-square
test, as well as univariate and multivariate analyses were used to determine the
association between exposure to efavirenz and adverse pregnancy outcomes
(structural birth defect, preterm delivery and low birth weight). Analysis was done
using SPSS version 21.

III

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

Results: A total of 2476, 2012 HIV-positive and 464 HIV-negative participants
were included in the study. The overall prevalence of adverse pregnancy outcomes
was 0.7% (17/2476) for birth defect (BD), 9.1% (223/2476), 6.4% (156/2476) for
preterm delivery (PTD) and low birth weight (LBW), respectively. No significant
association was found between exposure to EFV in the first trimester of pregnancy
and birth defect, 2 (df=2, N =2455) = 3.548, p= 0.170. Both single participants
and participants with ≤4 times antenatal care (ANC) visits during pregnancy were
found to be significantly associated with an increased risk of PTD, (adjusted odds=
1.83, 95% CI: 1.20-2.77, p=0.005) & (adjusted odds= 4.48, 95% CI: 3.27-6.13,
p<0.001), respectively. Participants exposed to NVP, and with ≤4 times ANC
visits during pregnancy, were found to be significantly associated with an increased
prevalence of LBW, adjusted odds=0.70, 95% CI: 0.42-1.17, p=0.10; and
adjusted odds=1.51, 95% CI: 1.05-2.16, p=0.027, respectively. Similarly, single
and alcohol consumers during pregnancy were found to be significantly associated
with LBW, adjusted odds=2.0, 95% CI: 1.21-3.31, p=0.007 and adjusted
odds=1.83, 95% CI: 1.21-2.77, p=0.004, respectively. No significant association
was found between exposure to EFV and the prevalence of PTD and LBW, p>0.05.
Similarly, no significant association was made between the time of initiation of
ART, either before pregnancy or during a different trimester of pregnancy, and the
prevalence of adverse pregnancy outcomes, p>0.05.

Conclusions and recommendations: In this study, no significant association was
found between exposure to EFV-containing ART in the first trimester of pregnancy
and adverse pregnancy outcomes. Exposure to NVP and alcohol consumption
during pregnancy were found to be significantly associated with LBW. However,
both single participants and participants with ≤ 4 times ANC visits during
pregnancy were found to be significantly associated with both PTD and LBW. A
large-scale study should be conducted in order to investigate the function of
invisible birth defects following exposure to EFV-ART.

April 2017
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CHAPTER ONE
1.1 Introduction
Globally, HIV remains one of the major public health concerns. In 2015, 36.7
million people were living with HIV. Among these, about 50% of them had access
to antiretroviral therapy. More than three-quarters (77%) of HIV-positive pregnant
women had access to antiretroviral therapy in order to prevent the transmission of
the virus from mother to child (PMTCT) (UNAIDS 2016).

The worst affected region in the world by HIV was sub-Saharan Africa. At the end
of 2015, more than 25.5 million (70%) of the people living with HIV resided in
sub-Saharan Africa. Among these, more than 19 million of them lived in East and
Southern Africa. Among the Eastern and Southern African people living with HIV,
10 million of them had access to antiretroviral therapy. However, access to
antiretroviral therapy among HIV-positive pregnant women was 90% (UNAIDS
2016).

South Africa is the most seriously affected country with the highest HIV
prevalence in the world. In 2015, more than 7 million South Africans were living
with HIV. The prevalence of HIV in the general population, among adults of 1549 years, and women of 15-49 years old, was 12.7%, 19.2% and 22.2%
respectively (Statistics South Africa 2016).

According to the National Department of Health of South Africa (NDoH) 2013
report, the prevalence of HIV among pregnant women who attended their first
antenatal care at public health facilities was 29.7%. The report also documented
that the prevalence of HIV among pregnant women had been persistently high for
the past six years, without showing a significant difference in its prevalence
(National Department of Health 2013a). However, there was a considerable
difference in the prevalence of HIV across age groups. In 2013, the highest (42.5%)
HIV prevalence was reported among women of 30-35 years of age. The high
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prevalence of HIV among older women might be explained as partly due to the use
of antiretroviral therapy, which is keeping HIV-infected women alive longer. In
2013, the prevalence of HIV among pregnant women of 15-24 years old was 19.9%
(National Department of Health 2013a).

The literature to date has reported the effect of maternal HIV-infection on adverse
pregnancy outcomes. Using the different WHO HIV-stages that describe the
severity of HIV-infection, the findings of the previous studies were inconclusive.
A meta-analysis of 52 cohort studies reported a significant association between
maternal HIV-infection and a higher prevalence of both preterm delivery and low
birth weight (Xiao et al. 2015). Similarly, studies from Nigeria, Botswana, and
South Africa reported a significantly higher risk of both preterm delivery and low
birth weight among HIV-positive mothers (Rollins et al. 2007, Parekh et al. 2011,
Chen et al. 2012, Ezechi et al. 2013). Another South African study also investigated
the effect of HIV-infection on the risk of birth defect, and found a significantly
higher risk of neonatal encephalopathy among HIV-positive women (Kennedy,
Fawcus & Kroon 2012).

Using viral load and CD4 count as a measure of the severity of HIV-infection
during pregnancy, a Malawian study reported a significant association between
high placental viral load and low birth weight (Turner et al. 2013). Similarly, a
large-scale study from China reported that both low CD4 count and high viral load
were found to be significant factors in the increased risk of low birth weight (Yu
et al. 2012). However, an Italian study reported the absence of a significant
difference in the risk of adverse pregnancy outcomes between HIV-infected
women in the Centers for Disease Control and Prevention (CDC)-stage C and HIVinfected women in the CDC-stage A & B (Baroncelli et al. 2011).

The aim of the use of antiretroviral therapy (ART) during pregnancy is basically
to prevent HIV transmission from mother-to-child and to decrease morbidity and
mortality related to maternal HIV. The use of antiretroviral drugs (ARVs) during
pregnancy reduces perinatal transmission in several ways, including lowering the
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maternal viral load, and infants’ pre-exposure and post-exposure prophylactic
treatments (Panel on Treatment of HIV-Infected Pregnant Women and Prevention
of Perinatal Transmission 2016). Access to antiretroviral therapy among HIVpositive pregnant women in South Africa has increased significantly over the years.
In 2011, only 60% of HIV-infected ART-eligible pregnant women had access to
ART (Johnson 2012). But in 2015, more than 95% of pregnant women living with
HIV had access to ART (UNAIDS 2015).

The criteria for initiation of antiretroviral therapy for HIV-positive pregnant
women vary from time to time. According to the 2010 South African ART
guideline, HIV-positive pregnant women were eligible to start ART when their
CD4 count reached less than 350 cells/ml or when they were in WHO HIV clinical
stage 3 or 4. The recommended ART regimen for initiation was a combination of
Tenofovir (TDF), lamivudine (3TC) or Emtricitabine (FTC) and nevirapine (NVP).
However, if the pregnant women had been on EFV-containing ART since before
conception, it was recommended to substitute EFV for NVP if the pregnancy was
in the first 12 weeks of pregnancy (National Department of Health 2010). In South
Africa, this kind of practice continued until the end of March 2013. NVP was the
preferred non-nucleoside reverse transcriptase inhibitor, rather than EFV, for HIVpositive pregnant women, especially if they were in the first trimester of pregnancy.
This was due to the teratogenic risk of EFV when used during the first trimester of
pregnancy, so NVP was used instead (FDA, 2016).

In 2012, WHO released a new technical update on the use of EFV during pregnancy,
including in the first trimester of pregnancy. Following the release of the new
technical update, the National Department of Health of South Africa adopted the
new update made by WHO and released a new updated version of prevention of
mother-to-child transmission (PMTCT) guideline in March 2013. According to
both the WHO 2012 technical update on treatment optimization and the 2013 South
African PMTCT guidelines, the recommended first-line ART regimen for pregnant
women should comprise Tenofovir (TDF) + Emtricitabine (FTC) or lamivudine
(3TC) + efavirenz (EFV). These three antiretroviral drugs were given in a fixed
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dose combination (FDC) (World Health Organization 2012, National Department
of Health 2013b).

The national PMTCT guideline recommended that all HIV-positive pregnant
women should receive a triple-drug antiretroviral regimen as a fixed dose
combination (FDC) at their first antenatal visit, whether they were a newlydiagnosed HIV-positive patient or they were HIV-positive patients with known
status, but not on ART (World Health Organization 2012, National Department of
Health 2013b). The guideline also recommended that women who become
pregnant while they are on lifelong ART should continue their treatment as per the
guideline. If they were on a compatible ART regimen (TDF+3TC+EFV), then the
regimen should be changed to FDC. However, for patients who were on a second
line regimen, either on AZT+3TC+ LPV/r or on TDF+3TC (or FTC) and LPV/r,
the guideline recommended patients to continue their treatment on the specified
type of regimen (National Department of Health 2013b).

According to the 2013 national PMTCT guideline, the purpose of ART, either for
lifelong or for prophylaxis throughout pregnancy, was determined by the CD4
count of the pregnant women. For pregnant women with a CD4 count >350
cells/mm3 or pregnant women with WHO HIV-stage 1or 2, FDC treatment was
recommended to continue as prophylaxis throughout antenatal, labour, delivery,
and postnatal till one week after the completion or cessation of breastfeeding. But
if the pregnant women had a CD4 ≤ 350 or suffered from WHO HIV-stage 3 or 4
during the first antenatal visit, life-long FDC treatment was the recommended
approach (National Department of Health 2013b).

However, unlike the previous guidelines which excluded the use of EFV during
pregnancy, especially in the first trimester of pregnancy where NVP was used
instead, the updated guidelines recommended the use of EFV, irrespective of the
trimester of the pregnancy. The main reasons for endorsing the use of EFV in the
first trimester of pregnancy were that EFV has a superior efficacy and tolerability
profile compared to NVP. In addition, the price of EFV was significantly reduced,
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and its availability as part of FDC was increased. Moreover, programmatic
complications related to HIV-positive pregnant women and those who may
become pregnant when switching from EFV to NVP would be reduced, and
updated data from studies suggested the low risk of neural tube birth defects
associated with use of EFV in the first trimester of pregnancy (World Health
Organization 2012).

The endorsement of the use of EFV during the first trimester of pregnancy was not
without concerns, as the findings of previous studies had been inconclusive (Ford,
Calmy & Mofenson 2011, Ford et al. 2014, Sibiude et al. 2014). Hence, WHO
strongly recommended that large scale studies be conducted with a large number
of pregnant women exposed to EFV during their first trimester of pregnancy
(World Health Organization 2012). In addition, EFV was not registered by the
South African Medicine Control Council (MCC) for its use with pregnant women
during their first trimester of pregnancy. Moreover, the Food and Drug
Administration (FDA) classified EFV as category D, with drugs having a high
possibility of causing harm to the foetus when taken during the first trimester of
pregnancy (Mofenson 2005, Ford et al. 2010).

A systematic and meta-analysis of more than 21 studies reported the absence of a
significant difference in the risk of birth defect among women exposed to efavirenz
and non-efavirenz-containing ART regimen during the first trimester of pregnancy.
This analysis reported no evidence of increased risk, either of an overall or a birth
defect, related to the central nervous system associated with the use of efavirenz in
the first trimester of pregnancy. The analysis, which included 2026 live births
among women exposed to efavirenz-containing ART during the first trimester of
pregnancy, reported 44 congenital birth anomalies with a pooled proportion of 1.63%
(95 CI: 0.78-2.48). Among the birth anomalies, only one of them was a neural tube
birth defect. Twelve of the studies reported birth outcomes following exposure to
efavirenz and non-efavirenz-containing ART regimen during the first trimester of
pregnancy. The pooled analysis found no significant difference in the overall risk
of birth defect between the two groups [relative risk (RR) =0.78, 95% CI: 0.56-
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1.08]. The incidence rate of neural tube defect was found to be very low, 0.05%
(95% CI: <0.01-0.28) and it was similar to the incidence rate of neural tube defect
in the general population (Ford et al. 2014).

However, a retrospective cohort study from France investigated more than 13
thousand women who were exposed to EFV-containing ART during the first
trimester of pregnancy found otherwise. Using the Metropolitan Atlanta
Congenital Defect Program birth defect classification, women who were exposed
to efavirenz in their first trimester of pregnancy had a significantly higher risk of
birth defect than women without efavirenz [adjusted odds ratio (AOR) = 3.0, 95%
CI 1.1-8.5] (Sibiude et al. 2014). Similarly, a significantly higher rate of birth
defect among women exposed to efavirenz during their first trimester of pregnancy
was reported (Brogly et al. 2010, Knapp et al. 2012).

The impact of time of initiation of antiretroviral therapy on adverse pregnancy
outcomes was studied and the results were inconclusive. A systematic review and
meta-analysis of 11 studies reported that women who initiated ART before
pregnancy had a significantly greater risk of both preterm delivery and low birth
weight than women who initiated ART during pregnancy (Uthman et al. 2017). A
Brazilian and a Tanzanian study reported similar findings (Machado et al. 2009, Li
et al. 2016). Moreover, studies from Cote d’Ivoire and India reported that women
who initiated ART before pregnancy had a higher risk of low birth weight than
women initiated during pregnancy (Ekouevi et al. 2008, Darak et al. 2013, Alemu
et al. 2015). In addition, a study from Ethiopia found that HIV-positive pregnant
women who initiated ART before conception had a significantly higher risk of
preterm delivery (Alemu et al. 2015).

On the other hand, women from Burkina Faso who started ART late after the first
trimester of pregnancy had experienced a major incidence of low birth weight
compared to women who initiated ART before conception (Cervi et al. 2010).
Similarly, a study from Cameroon reported that women who started ART before
the third trimester of pregnancy had a significantly higher risk of low birth weight
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(Neled et al, 2014). However, a South African study reported the absence of a
significant difference in the risk of both preterm delivery and low birth weight
among women who initiated ART before conception and during pregnancy (Aniji
et al. 2013).

South Africa has the maximum number of people living with HIV and has the
largest HIV-treatment program in the world. South Africa has endorsed the use of
EFV-containing ART during the first trimester of pregnancy as a FDC formulation
since April 2013 (National Department of Health 2013b). However, the safety
profile of the use of EFV-containing ART during the first trimester of pregnancy
is still inconclusive. Hence, the aim of this large-scale retrospective cohort study
was to determine the association between the use of EFV-containing ART during
the first trimester of pregnancy and the prevalence of adverse pregnancy outcomes
(structural birth defect, preterm delivery, and low birth weight) among HIVpositive pregnant women treated in community health centres found in the Cape
Flats of Cape Town. In addition, the study also aimed to investigate the association
between the time of initiation of antiretroviral therapy (before conception versus
during different trimesters of pregnancy) and the prevalence of adverse pregnancy
outcomes.

1.2 Research questions

The main aim of the study was to answer the following questions:

1. What is the difference in the prevalence of adverse pregnancy outcomes
among pregnant women treated with EFV-containing ART, compared to
pregnant women treated with NVP-containing ART and HIV-negative
women?

2. Is there a difference in the prevalence of adverse pregnancy outcomes
between pregnant women who initiated ART before pregnancy and women
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who initiated ART during pregnancy (during the 1st, 2nd or 3rd trimester of
pregnancy)?
3. Do HIV-positive pregnant women experience a greater prevalence of
adverse pregnancy outcomes, compared to HIV-negative pregnant women?

4. Is there a significant difference in the prevalence of adverse pregnancy
outcomes among HIV-positive pregnant women with advanced or severe
or late stages of HIV-infection and pregnant women with a less severe or
with an early stage of HIV-infection?

5. Is there a difference in the prevalence of adverse pregnancy outcomes
among participants in the different age categories?

6. What is the difference in the prevalence of adverse pregnancy outcomes
between employed and unemployed study participants?

7. Does maternal body mass index significantly impact on the prevalence of
adverse pregnancy outcomes?
8. Does the number of antenatal visits (either ≤4 X or >4 X) during pregnancy
affect the prevalence of adverse pregnancy outcomes?

9. Does alcohol consumption during pregnancy among pregnant women
increase the prevalence of adverse pregnancy outcomes?

10. Does the smoking of cigarettes during pregnancy among pregnant women
increase the prevalence of adverse pregnancy outcomes?

11. Is there a difference in the prevalence of adverse pregnancy outcomes
between pregnant women who initiated supplement use (folic acid and iron)
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during pregnancy in the first trimester of pregnancy and pregnant women
who started taking supplements after the first trimester of pregnancy?

1.3 Hypothesis

The hypothesis of this study was that the use of EFV-containing ART among HIVpositive pregnant women during the first trimester of pregnancy might be
significantly associated with an increased prevalence of adverse pregnancy
outcomes, compared to HIV-positive pregnant women treated with NVPcontaining ART and among HIV-negative pregnant women. In addition, the time
at which the use of ART was started, either before conception or during pregnancy
in different trimesters, might significantly impact on the prevalence of adverse
pregnancy outcomes.

Moreover, the study also hypothesized that HIV-infection, severe or advanced, of
HIV-infection, maternal age, employment status, and body mass index, number of
antenatal visits during pregnancy, time of initiation of supplement (folic acid and
iron) during pregnancy, alcohol consumption during pregnancy and cigarette
smoking during pregnancy might affect the prevalence of adverse pregnancy
outcomes.

1.3.1

Null hypothesis

There was no significant difference in the prevalence of adverse pregnancy
outcomes between
 HIV-positive pregnant women treated with EFV-containing ART and HIVpositive pregnant women treated with NVP-containing ART;
 HIV-positive pregnant women treated with EFV-containing ART and
HIV-negative pregnant women;

9

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

 HIV-positive pregnant women treated with NVP-containing ART and
HIV-negative pregnant women;
 HIV-positive women who initiated taking ART before pregnancy and HIVpositive pregnant women who started using ART during pregnancy at
different trimesters;
 HIV-positive and HIV-negative pregnant women;
 Pregnant women who attended antenatal care (ANC) less frequently (≤ 4
times) and pregnant women who attended ANC more frequently (> 4 times)
during pregnancy;
 HIV-positive pregnant women with low CD4 count and HIV-positive
pregnant women with high CD4 count;
 HIV-positive pregnant women with WHO HIV-stage 1 or 2 and HIVpositive pregnant women with WHO HIV-stage 3 or 4;
 HIV- positive pregnant women with a low and a high viral load of HIVinfection;
 Pregnant women younger in age and pregnant women older in age;
 Employed pregnant women and unemployed pregnant women;
 Pregnant women with underweight body mass index, and overweight and
obese pregnant women;
 Pregnant women who consume alcohol during pregnancy and pregnant
women who do not consume alcohol during pregnancy;
 Pregnant women who smoke cigarettes during pregnancy and pregnant
women who do not smoke cigarettes during pregnancy; and
 Pregnant women who started taking supplements (iron and folic acid)
during their first trimester of pregnancy and pregnant women who started
using supplements after their first trimester of pregnancy.

1.3.2 Experimental hypothesis

The alternative hypothesis of the study was that the prevalence of adverse
pregnancy outcomes was significantly higher among
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 HIV-positive pregnant women treated with EFV-containing ART than
HIV-positive pregnant women treated with NVP-containing ART;
 HIV-positive pregnant women treated with EFV-containing ART than
HIV-negative pregnant women;
 HIV-positive pregnant women treated with NVP-containing ART than
HIV-negative pregnant women;
 Pregnant women who initiated taking ART before pregnancy than pregnant
women who started taking ART during pregnancy;
 HIV-positive pregnant women than HIV-negative pregnant women;
 Pregnant women who attended antenatal care in ≤ 4 times than pregnant
women who attended > 4 times during pregnancy;
 Pregnant women older than 36 years of age than pregnant women younger
than 36 years of age;
 Unemployed pregnant women than employed pregnant women;
 Pregnant women with underweight body mass index status than pregnant
women with overweight and obese body mass index scale;
 Pregnant women who consumed alcohol during pregnancy than pregnant
women who did not consume alcohol during pregnancy;
 Pregnant women who smoked cigarettes during pregnancy than pregnant
women did not smoke cigarettes;
 Pregnant women who started taking supplements (iron and folic acid)
during their first trimester of pregnancy than pregnant women who started
after the first trimester of their pregnancy.

1.4 Objectives of the study

1.4.1

General Objectives

The objectives of the study were to determine the effect of EFV-containing ART
on the prevalence of adverse pregnancy outcomes (visible structural birth defect,
preterm delivery and low birth weight) among HIV-positive pregnant women; and
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to investigate the effect of the time of initiation of antiretroviral therapy (before
conception versus during pregnancy) on adverse pregnancy outcomes.

1.4.2 Specific Objectives

I.

To determine the effect of EFV-containing antiretroviral therapy
among HIV-positive pregnant women on the prevalence of adverse
pregnancy outcomes.

II.

To determine the effect of NVP-containing antiretroviral therapy
among HIV-positive pregnant women on the prevalence of adverse
pregnancy outcomes.

III.

To compare the prevalence of adverse pregnancy outcomes among
HIV-positive pregnant women treated with EFV-containing ART and
NVP-containing ART.

IV.

To compare the prevalence of adverse pregnancy outcomes among
HIV-positive pregnant women treated with EFV-containing ART and
HIV-negative pregnant women.

V.

To compare the prevalence of adverse pregnancy outcomes among
HIV-positive pregnant women treated with NVP-containing ART and
HIV-negative pregnant women.

VI.

To determine the effect of time of initiation of antiretroviral therapy
(before conception versus during different trimesters of pregnancy) on
the prevalence of adverse pregnancy outcomes.

VII.

To determine the effect of HIV-infection among pregnant women on
the prevalence of adverse pregnancy outcomes.

VIII.

To investigate the impact of low CD4 count, as a measure of severe
HIV-infection, on adverse pregnancy outcomes.

IX.

To investigate the impact of high viral, as a measure of severe HIVinfection, on adverse pregnancy outcomes.

X.

To study the impact of WHO HIV-stage 3 or 4, as a measure of severe
HIV-infection among pregnant women on the prevalence of adverse
pregnancy outcomes.
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XI.

To determine the impact of the number of antenatal care visits made by
pregnant women during pregnancy on adverse pregnancy outcomes.

XII.

To investigate the effect of maternal age on the prevalence of adverse
pregnancy outcomes.

XIII.

To determine the effect of maternal employment status on the
prevalence of adverse pregnancy outcomes.

XIV. To investigate the effect of maternal body mass index (BMI) on the
prevalence of adverse pregnancy outcomes.
XV.

To determine the effect of time of initiation of supplement (folic acid
and iron) use during pregnancy on adverse pregnancy outcomes.

XVI. To study the association between alcohol consumption during
pregnancy among pregnant women and the prevalence of adverse
pregnancy outcomes.
XVII. To determine the relationship between cigarette smoking during
pregnancy among pregnant women and the prevalence of adverse
pregnancy outcomes.

1.5 Significance of the study

The safety of the use of EFV-containing ART among HIV-positive pregnant
women in the first trimester of pregnancy is yet inconclusive. Therefore, this study
has aimed to generate evidence on how the use of EFV-containing ART during
pregnancy, including in the first trimester of pregnancy, has affected the prevalence
of structural birth defect, preterm delivery and low birth weight among HIVpositive pregnant women. The evidence generated from the study, especially the
use of EFV in the first trimester of pregnancy, could be used to support or oppose
the PMTCT guideline recommendation already in practice.

The other significance of the study has been to generate evidence on whether
initiating ART before pregnancy has an increased or decreased effect on the
prevalence of adverse pregnancy outcomes, compared to initiating taking ART
during the different trimesters of pregnancy.
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In addition, the study also generated evidence about the effect of HIV-infection,
severe or advanced HIV-infection, maternal age, employment status and body mass
index, as well as number of antenatal visits during pregnancy, time of initiation of
supplement (folic acid and iron) during pregnancy, alcohol consumption during
pregnancy and cigarette smoking during pregnancy with regard to adverse
pregnancy outcomes. These findings could be used to support the advice or
information given during counselling to HIV-positive pregnant women in order to
maximize the benefits by decreasing the disadvantages or limitations.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Epidemiology of HIV

2.1.1 Global perspective on HIV
HIV remains a major public health problem worldwide, particularly in the subSaharan African region. Globally, in 2015 more than 36 million people were living
with HIV. Even though the prevalence of HIV varies between countries and
regions, sub-Saharan Africa remains the worst affected region. Of the people living
with HIV, almost 70% of them resided in sub-Saharan Africa, with a prevalence of
nearly 4.4% (World Health Organization 2016b). Southern African countries are
the most severely affected by HIV. In 2015, Swaziland was the country with the
highest prevalence of HIV in adults (28.8%), followed by Lesotho (22.7%) and
South Africa (19.2%) (AVERT 2017).

The epidemic of HIV among women has remained high since the start of the HIV
epidemic, compared to men. In sub-Saharan Africa, there were more HIV-positive
women than men. In 2013, more than 58% of people living with HIV in the region
were women (UNAIDS 2014, UNAIDS 2012). In 2011, among the HIV-positive
pregnant women, 92% resided in the sub-Saharan region (UNAIDS 2012).

2.1.2

South African Perspective on HIV

South Africa has the highest burden of HIV occurrence in the world, and is the
home of more than seven million people living with HIV. In 2016 the projected
overall prevalence of HIV was 12.7%. However, the prevalence among adults aged
15-49 years was 18.9% and among women of between 15-49 years old the
prevalence was 22.3% (Statistics South Africa 2016). In 2011 nearly 20% of South
African women between the ages of 15-49 years were HIV-positive. However, in
2012, the estimated national HIV prevalence among pregnant women aged 15 – 49
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years who attended public health clinics for their first antenatal care during
pregnancy was 29.5% (National Department of Health 2012).

The prevalence of HIV across the provinces of South Africa was considerably
different. In 2012, the KwaZulu-Natal province had the highest prevalence (37.4%)
of HIV among adults aged 15-49 years, followed by Mpumalanga, Free State and
Gauteng with 35.1%, 30.6% and 30.4%, respectively. The prevalence of HIV in
the Western Cape Province showed a major increase from 16.9% to 18.5% in 2010
(National Department of Health 2012).

2.2 Effect of HIV-infection on pregnancy outcomes
HIV-infection among pregnant women has been reported as one of the risk factors
for an increased prevalence of adverse pregnancy outcomes. Studies found a
significantly higher prevalence of preterm delivery and low birth weight among
HIV-positive pregnant women than HIV-negative women (Kebede, Andargie &
Gebeyehu 2013a, Kreitchmann et al. 2014). Similarly, in a prospective cohort
study on the effect of HIV-infection during pregnancy on pregnancy outcomes
conducted in Kigali, Rwanda, it was reported that a significantly higher prevalence
of both preterm delivery and low birth weight was found among HIV-positive
mothers compared to HIV-negative mothers. However, the study found that the
risk of experiencing birth defects between the two groups was similar. The study
included 384 HIV-positive and 381 HIV-negative pregnant women (Leroy et al.
1998). However, a study conducted by Brogly et al (2010) which also investigated
the effect of HIV-infection among pregnant women on the rate of birth defect,
found no difference in the prevalence of birth defects between HIV-positive
women and HIV-negative women (Brogly et al. 2010).

A study conducted in Nigeria reported that a significantly higher risk of preterm
delivery and low birth weight was found among HIV-positive pregnant women.
The risk of preterm delivery and low birth weight was two times and three times
higher among HIV-positive pregnant women, respectively (Ezechi et al. 2013).
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Similarly, studies from Botswana and India also reported that maternal HIVinfection was found to significantly increase the risk of preterm delivery and low
birth weight (Parekh et al. 2011, Chen et al. 2012, Shivamurthy, Pukale &
Mankhani 2015, Zash et al. 2016). Moreover, a longitudinal cohort study from
South Africa found that adverse pregnancy outcomes were significantly associated
with HIV-infection. The risk of low birth weight was significantly higher among
HIV-positive mothers (10.6%) than those uninfected (7.9%), P<0.010. The study
included more than 2800 study participants prospectively. (Rollins NC, et al, 2007).
In addition, a systematic review and meta-analysis found that maternal HIVinfection during pregnancy significantly increases the risk of preterm delivery and
low birth weight (Xiao et al. 2015).

2.3 Severity of HIV-infection and adverse pregnancy outcomes
Human Immunodeficiency Virus (HIV) is a virus that spreads via certain types of
body fluids that affect the body’s immune system and weaken the defence system
of the human body, which leads to different types of infections. As the virus
destroys and affects the normal function of the defence system, individuals
gradually become immuno-compromised and immuno-compromisation increases
the risk of susceptibility to a wide range of infections (Centres for Disease Control
and Prevention 2017).

HIV-infection among pregnant women is not the only factor for increased risk of
adverse pregnancy outcomes and clinical prognosis of the viral infection is an
added factor. Advanced maternal HIV-infection is one of the factors for an
increased risk of adverse pregnancy outcomes. Acquired Immunodeficiency
Syndrome (AIDS) is the advanced stage of HIV. Centers for Disease Control and
Prevention (CDC) HIV categorizes AIDS as a stage 3 (stage C) event. Individuals
with AIDS suffer from opportunistic infections because their immune systems are
severely damaged. The immune system of an individual is measured by their CD4
cell count. An individual is diagnosed with AIDS when both CD4 cell counts fall
to less than 200 cells/ml, and with a very high viral load. Similarly, according to
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WHO, immunological staging for HIV severe immunosuppression is also defined
to be when CD4 cell count is below 200 cells/ml (Centres for Disease Control and
Prevention 2017, WHO 2007).

2.3.1 Effect of WHO HIV-stages on adverse pregnancy outcomes
An observational cohort study conducted in Ukraine investigated the impact of
severity of HIV infection on pregnancy outcomes. The study, which included
about nine thousand participants, found that pregnant women with WHO HIVstage 4 had a significantly higher risk for preterm delivery than pregnant women
with WHO HIV-stage 1. The risk of experiencing preterm delivery among women
with advanced HIV-infection was almost 2.5 times greater than women with WHO
HIV-stage 1 (Bagkeris et al. 2015). Similarly, a cohort study conducted in Malawi
reported that women with severe HIV-infection were found with a significantly
higher risk of both preterm delivery and low birth weight. The study included more
than 600 participants, with higher viral load and low CD4 cell count regarded as a
severe form of HIV-infection (Turner et al. 2013). In addition, a study conducted
in Ethiopia found a significantly increased risk of preterm delivery and low birth
weight among pregnant women with WHO clinical HIV-stage III and IV (Kebede,
Andargie & Gebeyehu 2013).

However, a study conducted in Italy also investigated the effect of advanced
maternal HIV-infection on pregnancy outcomes. The risk of maternal adverse
outcomes was compared between HIV-positive mothers with CDC HIV-stage A
or CDC HIV- stage B (CDC- stage A or B) and mothers with CDC-HIV stage C.
The study found no increased risk of maternal adverse outcomes among women
with advanced HIV-infection (mothers with CDC HIV-stage C) (Baroncelli et al.
2011).
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2.3.2

Effect of low CD4 cell count and high viral load on adverse pregnancy
outcomes

A study conducted in Nigeria reported that low CD4 cell count was found to be
significantly associated with an increased risk of preterm delivery and low birth
weight. Women with low CD4 cell count experienced an almost 2.5 times higher
prevalence of adverse neonatal outcomes than women with higher CD4 cell count
(Ezechi et al. 2013). Similarly, a study from India also reported that the risk of
adverse pregnancy outcomes was found to be significantly associated with low
CD4 cell count. The risk of preterm delivery and low birth weight was found to be
inversely associated with CD4 cell count. The lower the CD4 cell count of the
mother, the higher the risk of delivering babies with preterm and low birth weight
(Shivamurthy, Pukale & Mankhani 2015).

Moreover, a study conducted in rural and urban areas of South Africa also
determined the effect of low CD4 cell count on pregnancy outcomes. The study
included more than 2800 participants, among these 1449 of them being HIVpositive. The study found that CD4 count less than 200 cells/ml among HIVpositive mothers was found to be significantly associated with an increased risk of
adverse pregnancy outcomes. Women with CD4 count less than 200 cells/ml were
at almost twice the risk of experiencing adverse pregnancy outcomes (Rollins et al.
2007). In addition, a study from Ethiopia found that women with CD4 count less
than 200 cells/ml had a significantly higher prevalence of preterm delivery and low
birth weight. Women with CD4 count below 200 cells/ml had experienced 5.37
and 4.24 times higher risk of both preterm delivery and low birth weight than
women with CD4 count greater than 350 cells/ml, respectively (Kebede, Andargie
& Gebeyehu 2013).

Furthermore, a study conducted in China reported that low CD4 cell count and high
viral load were the significant risk factors for increased prevalence of low birth
weight. Women with baseline CD4 count below 100 cells/ml and viral
load >100,000 copies/ml were 5.52 and 4.22 times at greater risk of experiencing
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low birth weight compared with women with CD4 count ≥ 350 cells/ml and viral
load <20,000 copies/ml, respectively (Yu et al. 2012). High maternal viral load is
the main risk factor for vertical transmission of HIV from mother to child. But it
was found also to significantly increase the risk of premature delivery. During
pregnancy, only little change was seen in maternal viral load. However, for every
ten-fold increase in viral load, the mean gestational age decreases by 1.3 weeks.
Therefore, high maternal viral load was found to be a significant risk factor, not
only for vertical transmission but also for preterm delivery (O'Shea et al. 1998).

2.4 Effect of antiretroviral drugs on adverse Pregnancy Outcomes

Antiretroviral drugs (ARVs) are drugs indicated for the treatment of HIV. ARVs
directly inhibit the replication of the virus. Potent ARVs should be given in
combination for a successful clinical outcome. The main aims in using
antiretroviral therapy are to decrease the rate of morbidity and mortality, to restore
and maintain the immune function, improve the quality of life and avert
transmission. The most effective way to achieve these targets is by using
antiretroviral drugs which can effectively suppress the replication of HIV to an
undetectable level. Keeping the quantity of the virus to an undetectable level not
only reduces the chances of transmission in the long term but also increases the
CD4 count, which subsequently reduces the development of other opportunistic
illnesses (Anderson et al. 2014).

2.5 Classification of antiretroviral drugs

Currently, there are six classes of antiretroviral drugs accessible for use. These
drugs inhibit the replication of the virus at different stages of the viral replication
cycle. These are:
1. Nucleoside or nucleotide reverse transcriptase inhibitors (NRTIs)
2. Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
3. Protease inhibitors (PTs)
4. HIV integrase strand transfer inhibitors (INSTIs)
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5. Fusion inhibitors (FIs)
6. Chemokine receptor antagonists (CCR5 antagonists, also called entry
inhibitors)

In South Africa, the most commonly used of antiretroviral drugs are NRTIs,
NNRTIs and PIs.

Nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs)

NRTIs are one of the classes of antiretroviral drugs indicated in the management
of HIV-infection. They are used as the backbone for the combined antiretroviral
regimen. The rationale for using a combination of potent antiretrovirals is not only
to maximally lessen the viral load but also to reduce the chance of accumulation of
mutations, decreasing the probability of developing resistance. Generally, the
principle of combining antiretroviral drugs for the treatment of naïve HIV-patients
is two NRTIs plus a third, either from NNRTIs or PIs. NRTIs produce their
pharmacological effect by competitively inhibiting the enzyme called ‘reverse
transcriptase’. Inhibiting the enzyme prevents the transcription of the RNA virus
to the DNA virus. Each NRTI needs a phosphorylation process through the cellular
enzymatic process in order to produce early chain termination of the replication of
the virus. Some examples of NRTIs are lamivudine, emtricitabine, didanosine,
abacavir, zidovudine and tenofovir (Safrin 2015).

Zidovudine (ZDV/AZT)

AZT was the first antiretroviral drug introduced for the treatment of HIV-infection.
It is one of the thymidine analogs which inhibit viral replication by interfering with
DNA polymerase, which is a nucleoside reverse transcriptase inhibitor. Long-term
use of AZT has been linked with hematologic toxicity, manifested as neutropenia
and severe anemia, and lactic acidosis or severe hepatomegaly. According to the
Food and Drug Administration (FDA) drug classification, AZT is classified as a
category C drug. Drugs in this category are agents linked to adverse events in some

21

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

animal studies, when taken during pregnancy. High levels of AZT crosses the
placenta and lactic acidosis or hepatic steatosis syndrome cases were reported.
However, when given during the first trimester of pregnancy, no increase in the
risk of overall birth defect were seen (Safrin 2015).

Lamivudine (3TC)

Lamivudine is one of the commonly used NRTIs with a cytosine analog. It needs
tri-phosphorylation to terminate viral replication by inhibiting reverse transcriptase.
Long-term use of 3TC warning signs such as lactic acidosis and hepatic steatosis
have been reported when used either alone or in combination. Similar to AZT, 3TC
is also placed in category C by the FDA. However, following use during the first
trimester of pregnancy, no increased risk of overall birth defect was observed
(Safrin 2015).

Emtricitabine (FTC)

FTC is a fluorinated version of 3TC. Similar to 3TC, FTC is a cytosine analog and
inhibits DNA polymerase, which prevents viral replication. Long-term use of FTC
has been associated with lactic acidosis or hepatic steatosis. However, unlike 3TC,
FTC was classified by FDA in category B drugs, where adverse events were not
observed in animal studies. But cases of mitochondrial toxicity such as lactic
acidosis have been reported when FTC is given with other nucleoside analogs
(Safrin 2015).

Tenofovir (TDF)

Tenofovir is currently one of the most used NRTIs. It has a nucleotide (nucleoside
phosphate) analog of adenosine. Similar to other NRTIs, TDF causes termination
of viral replication by competitively inhibiting reverse transcriptase. However,
unlike other NRTIs, TDF requires bi-phosphorylation instead of triphosphorylation intracellular enzyme activation. When TDF is used in
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combination with other nucleosides for a long time, lactic acidosis and hepatic
steatosis were reported, similar to other NRTIs. In addition, TDF has been shown
to decrease bone mineral density and increase bone metabolism markers in HIV-1
infected adults. TDF was also found to cause acute renal toxicity among HIVinfected patients with renal impairment. According to the FDA, TDF is classified
as a category B drug, where adverse events were not reported in animals when the
drug was given during the first trimester of pregnancy. Though TDF crosses the
human placenta in large quantities, no increased risk of intrauterine growth
restriction and overall birth defect following exposure in the first trimester of
pregnancy have been observed (Safrin 2015).

Non-nucleoside reverse transcriptase inhibitors (NNRTIs)

NNRTIs are the second most commonly used antiretroviral drugs indicated in the
treatment of HVI-1 infection. Similar to NRTIs, NNRTIs also block HIV-l
replication by directly inhibiting HIV-1 reverse transcriptase. Unlike NRTISs,
NNRTIs use different binding sites to produce their pharmacological effect, and
they neither compete for, nor do they require, phosphorylation in order to be
pharmacologically active. NNRTIs as a class are related to varying degrees of
gastrointestinal disturbances and skin rash. Currently, there are four drugs in this
class. These are nevirapine, efavirenz, etravirine and rilpivirine. The first two drugs
are the most commonly used in the treatment of HIV-1, along with NRTIs, and the
last two are newly added to the class.

Nevirapine (NVP)

NVP is the first NNRTI used in combination with NRTIs in the management of
HIV-1 infection. As a NNRTI, it terminates the replication of the virus by
interfering with DNA polymerase activity through inhibition of reverse
transcription. Hepatotoxicity and skin reaction or rash are the warnings signs for
NVP, especially during the first 18 weeks of treatment. Hypersensitivity reaction
following use of NVP is more common in women than men. NVP has been
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classified as a category B drug by the FDA, where teratogenic effects were not seen
in animal studies, irrespective of crossing the human placenta in high quantity.
When NVP was used during the first trimester of pregnancy, no overall increase in
the risk of birth defect was observed. Until 2013, NVP was used in first-line
combination antiretroviral therapy instead of efavirenz, especially during
pregnancy (Safrin 2015).

Efavirenz (EFV)

EFV is currently the most preferred NNRTI. It is recommended by WHO and the
national guidelines as the most favored first-line NNRTI. According to WHO 2012
technical update on EFV-use during pregnancy, EFV was preferred over NVP
because it has better efficacy and tolerability than NVP, and EFV has better
availability in the form of fixed-dose-combination (FDC) than NVP. Evidence also
suggests the absence of an increased risk of birth defect following first trimester
use (World Health Organization 2012, National Department of Health 2013a).
EFV produces its pharmacological effect – termination of viral replication – by
inhibiting the enzyme called reverse transcriptase. Interfering or blocking the
transcription of Viral RNA to DNA terminates the replication process of the virus
inside the human cell. Central nervous system (CNS), hepatotoxicity, fat
redistribution and rash were the most frequently reported adverse effects
experienced when patients were on EFV. Insomnia, abnormal dreams, impaired
concentration, drowsiness, and hallucination were CNS-related adverse effects. In
addition, very serious psychiatric adverse effects, such as severe depression,
aggressive behavior, suicidal thoughts, mania and paranoia have been reported
among patients on EFV. Hence, patients with a pre-existing psychiatric problem
should commence EFV-containing antiretroviral therapy with caution. A moderate
quantity of EFV crosses through the human placenta. Though not conclusive, no
greater risk of overall birth defect was reported. But neural tube defects, as well
as other CNS birth abnormality, have been reported following first trimester use.
However, because of a low incidence of neural tube defect and low number of first-
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trimester exposure in the general population, especially before WHO’s
recommendation for EFV use even during the first trimester of pregnancy, it was
very difficult to evaluate the risk, due to the lack of adequate data (Safrin 2015).

However, the risk of birth defect (neural tube defect) following the use of EFV
during the first trimester of pregnancy is still inconclusive. But, as of 2013, both
WHO and national PMTCT recommend the use of efavirenz, starting in the first
trimester of pregnancy (World Health Organization 2012, National Department of
Health 2013b).

2.6 National treatment protocols of antiretroviral drugs for HIV-positive
pregnant women

Nationally in South Africa, different treatment protocols at different times were
recommended and implemented for the treatment of HIV-1 infection among
pregnant women. According to the South African ART 2010 guidelines, CD4
count of 350 cells/ml was considered a benchmark criterion for initiation of
antiretroviral therapy (ART) among pregnant women. Pregnant women with a
CD4 count ≤350 cells/ml were recommended to undergo treatment with ART for
life. However, for pregnant women with CD4 count > 350 cells/ml, ART was
recommended for prophylactic purposes. The recommended ART regimen for all
new HIV-positive pregnant women with CD4 count ≤350 cells/ml was TDF +
3TC/FTC + NVP. For HIV-positive pregnant women who begin on EFVcontaining ART regimen, the guidelines recommend substituting EFV with NVP
if the pregnancy has been less than 12 weeks. However, for HIV-positive pregnant
women with CD4 count >350 cells/ml, the recommended regimen to prevent the
transmission of the virus from mother to child (PMTCT) was to initiate Zidovudine
(AZT) from the 14th week of gestation until delivery, and give a single dose of
NVP+ AZT every three hours during labor, as well as administering a single dose
of combined tenofovir (TDF) and emtricitabine (FTC) after delivery (National
Department of Health 2010).
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However, following the release of an updated WHO ART guideline in 2013, the
National Department of Health (NDoH) of South Africa adopted the
recommendations made by WHO. This protocol recommended a FDC of TDF+
FTC/3TC + EFV as a first-line regimen for both women who were newly
diagnosed with HIV during pregnancy and became positive, and for pregnant
women with known HIV-status since before pregnancy who had not started ART.
This regimen, FDC-containing EFV, was recommended for women who were free
from pre-existing psychiatric illnesses. However, for women with pre-existing
psychiatric illness, AZT was the recommended agent, instead of EFV (National
Department of Health 2013b).

Similar to the 2010 ART guideline, CD4 count 350 cell/ml was considered a
criterion to initiate ART, either for life or for prophylactic purposes. For women
with CD4 count ≤350 cells/ml or with WHO HIV-stage 3 or 4, FDC was the
recommended regimen for lifelong treatment. But for women with CD4
count >350 cell/ml, FDC was given for prophylaxis. FDC therapy for prophylactic
purpose was given throughout pregnancy, labour, and delivery and after delivery
until one week after termination of breastfeeding, in order to prevent the
transmission of the virus to the baby (National Department of Health 2013b).
However, according to the 2015 PMTCT guideline, all HIV-positive pregnant
women become eligible for lifelong treatment, irrespective of their CD4 count, and
FDC still remains a recommended ART regimen (National Department of Health
2015).

2.7 The use of antiretroviral drugs during pregnancy and adverse pregnancy
outcomes

The use of a combination of antiretroviral drugs during pregnancy not only reduces
the transmission of HIV virus from mother to child, but also improves the health
of the mother by decreasing mortality and morbidity (Safrin 2015). However, the
use of antiretroviral drugs during pregnancy also increases the risk of adverse
pregnancy outcomes, even though the literature to date reported mixed evidence
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regarding the risk of adverse pregnancy outcomes following the use of different
types of antiretroviral therapy during pregnancy. A multicenter prospective
observational study conducted in France investigated the effect of the use of
antiretroviral drugs during pregnancy, focusing on the risk of birth defect. The
study found that the overall prevalence of birth defect was as high as 6.9% among
children from birth to two years of age. However, no significant association was
made between birth defect and participants exposed to ART during their first
trimester of pregnancy. In addition, no significant difference in the prevalence of
birth defect among participants exposed to different types of ART during
pregnancy was found (Prieto et al. 2014).

Similarly, a study from Italy reported the absence of a significant association
between the risk of birth defect and women exposed to antiretroviral therapy during
the first trimester of pregnancy. The study found that the prevalence of birth defect
was 3.2%. No class of ART was found to be significantly associated with birth
defect. Neither nucleoside reverse transcriptase inhibitors, non-nucleoside reverse
transcriptase inhibitors nor protease inhibitors were found to be significantly
associated with an increased risk of birth defect. However, though not significant,
the prevalence of birth defect among women exposed to NVP-containing ART was
higher (4.7%) than those exposed to EFV (2.5%) (Floridia et al. 2013). Moreover,
another multicenter prospective cohort study evaluated the risk of congenital
anomaly following exposure to antiretroviral therapy. The study found that the
prevalence of congenital anomaly was 6.78% and no association was found
between any class of reverse transcriptase inhibitors used during the first trimester
of pregnancy and risk of congenital anomaly (Williams et al. 2015).

The use of ART during pregnancy is not only related to an increased risk of birth
defect but it also is associated with a greater risk of preterm delivery and babies
with low birth weight. In a very large-scale cohort study conducted in Botswana,
which included more than 33 thousand participants, use of ART during pregnancy
was found to significantly increase the risk of preterm delivery (adjusted OR 1.4;
95% CI:1.2-1.8) (Chen et al. 2012). Similarly, a Swiss study on the effect of the
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use of antiretroviral therapy during pregnancy on the risk of preterm delivery
reported an increased risk of preterm delivery among ART users. Compared to
women who were not on ART, the risk of preterm delivery among ART users
during pregnancy was significantly higher, with OR 2.5; 95% CI: 1.4 - 4.3 (Rudin
et al. 2011). In addition, a study in the UK and Ireland also reported that a
significant increase in the prevalence of preterm delivery was observed among
women who were on ART during pregnancy. The study documented that every 10
HIV transmission preventions using ART during pregnancy increased the risk of
preterm delivery by 6.3 (Townsend et al. 2010). Moreover, a study from Ethiopia
reported a significant increase in the rate of preterm delivery among women who
were on ART during pregnancy. The study found the risk of preterm delivery was
two times higher among ART-exposed than ART-unexposed deliveries (Kebede,
Andargie & Gebeyehu 2013).

A study conducted in the UK and Ireland found that the risk of preterm delivery
was significantly higher among women exposed to ART during pregnancy. The
rate of preterm delivery among women exposed to triple ART was 14.1% and
women on mono/dual ART exposure was 10.1% with (OR=1.49: 95% CI: 1.181.89; P=0.001) (Townsend C et al, 2007). Similarly, a study from India also
reported a higher prevalence of preterm delivery among HAART-exposed women
(25%), compared to women on AZT (13%) (Darak et al. 2013).

However, on the other hand, a meta-analysis of 14 studies investigated the effect
of the use of ART during pregnancy and risk of preterm delivery. The study found
an absence of increased risk of preterm delivery and use of ART during pregnancy,
with an odds ratio (OR) (1.01, 95% confidence interval (CI): 0.76-1.34) (Kourtis
et al. 2007).

A hospital-based retrospective study conducted in Ethiopia reported a significantly
higher prevalence of low birth weight among women exposed to antiretroviral
therapy during pregnancy. The risk of low birth weight was found to be ten times
higher among ART-exposed women during pregnancy than unexposed
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(AOR=8.26, 95% CI: 2.53-14.34) (Kebede, Andargie & Gebeyehu 2013).
Similarly, another study conducted in Ethiopia reported a significantly higher risk
of low birth weight among women exposed to ART during pregnancy. The risk of
low birth weight was two times more among ART-exposed than ART unexposed
women (Alemu et al. 2015). In the same way, a study from India reported a
significantly higher prevalence of low birth weight among HAART-exposed
women (34%) compared to women on AZT prophylaxis (22%) (Darak et al. 2013),
and a study from Thailand also reported a twofold higher risk of low birth among
HAART-exposed during pregnancy (Asavapiriyanont, Kasiwat 2011).

A study conducted in Tanzania reported a significantly higher prevalence of low
birth weight among HAART-exposed women. The study found that the relative
risk of delivering to low birth weight babies among HAART-exposed women was
1.34 times higher than women who were on AZT prophylaxis (RR= 1.34, 95% CI:
1.05-1.71) (Li et al. 2016b). Similarly, a study in Cameroon found a significantly
higher prevalence of low birth weight (11.6%) among HAART-exposed women
than women on AZT (7.2%) during pregnancy (Nlend et al. 2016). Similar results
were reported from Côte d’Ivoire (Coffie et al. 2008, kouevi et al. 2008). However,
a South African study reported otherwise. That study found a significantly lower
prevalence of low birth weight among HAART-exposed women during pregnancy,
compared with those who were HAART-unexposed. The prevalence of low birth
weight among HAART-exposed and unexposed women was 19% and 27%,
respectively (Van der Merwe et al. 2011).

2.8 The use of efavirenz (EFV) during pregnancy and risk adverse
pregnancy outcomes

EFV is the drug of choice among non-nucleoside reverse transcriptase inhibitors
(NNRTIs). EFV is preferred over nevirapine (NVP) because of it has less liver
toxicity, it can safely be given with anti-TB drugs and no dose adjustment is needed
when given in combination (World Health Organization 2013a). However, the
safety of using EFV in the first trimester of pregnancy has been of concern, because
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birth abnormality has been reported from both animal and human studies. In an
animal study, the animals were exposed to EFV, starting at the first trimester of
pregnancy until birth at similar doses to humans. Among the exposed animals, 15%
(3/20) had experienced a significant birth abnormality, but no birth abnormality
was experienced among the animals in the control group (20). Anencephaly,
unilateral anophthalmia, microphthalmia and cleft palate were the reported birth
abnormalities (Nightingale 1998). Myelomeningocele (Saitoh et al. 2005) and
encephalocele (Gudu, Bekele 2013) following EFV exposure during the first
trimester of pregnancy were reported from case reports on humans. The birth
abnormalities from animal study and the human case reports were consistent.

In 2005, the United States Food and Drug Administration (FDA) classified EFVuse in the first trimester of pregnancy in category D. The recommendation was
made largely based on neural tube defects documented in early animal studies and
retrospective human case reports (Ford et al. 2010). Similarly, a large retrospective
cohort study conducted in France recently found a three times greater risk of
neurological defect following exposure to EFV in the first trimester of pregnancy.
A significant association between the use of EFV in the first trimester of pregnancy
and neurological defects (n=4) was found using Metropolitan Atlanta Congenital
Defects Program (MACDP) birth defect classification (AOR=3, 95% CI: 1.1-8.5).
However, no significant association was found using the European Surveillance of
Congenital Anomalies (EUROCAT) birth defect classification, which is less
inclusive than MACDP (Sibiude et al. 2014). Similarly, a prospective study
conducted in the US investigated the effect of EFV on the risk of birth defect and
found that a significantly higher prevalence of birth defect was documented among
children exposed to EFV in the first trimester of pregnancy. The types of birth
defect experienced were cleft palate, hypospadias, varus feet and hypertonicity of
extremities, meningomyelocele and laryngomalacia (Brogly et al. 2010).

Nevirapine (NVP) was the preferred NNRTI as a first line antiretroviral drug,
especially during the first trimester of pregnancy. Many pregnant women who were
on EFV-containing ART before conception were switched to NVP-containing
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ART if they planned to conceive or had attended antenatal care during their first
trimester of pregnancy. The use of EFV during the first trimester of pregnancy was
not recommended due to its teratogenic effect; instead, NVP was used (World
Health Organization 2010). However, in June 2012 WHO released a technical
update on the use of EFV in the first trimester of pregnancy and recommended
EFV as the drug of choice in the treatment of HIV-naïve patients including, in the
first trimester of pregnancy (World Health Organization 2012).

An updated systematic review and meta-analysis (done by Ford, Calmy &
Mofenson 2011, Ford et al. 2014), reported the absence of an increased risk of birth
defect following first trimester EFV-exposure. No difference in overall birth defect
between EFV-exposed and unexposed was found (relative risk 0.78, 95% CI: 0.561.08). No difference in the incidences of neural tube defect between an EFV
exposed group and general population was found (Ford et al. 2014). Other authors
also reported the absence of an increased risk of birth defect following EFV use in
the first trimester of pregnancy (Bera et al. 2010, Ekouevi et al. 2011, Bisio et al.
2015, Williams et al. 2015).

Considering other adverse pregnancy outcomes due to the use of EFV over NVP,
a study from the Republic of Congo reported an increased risk of overall adverse
pregnancy outcomes among EFV-exposed compared to NVP-exposed women. The
overall adverse pregnancy outcome prevalence among EFV-exposed and NVPexposed was 17/35 (48.6%) and 43/153 (28.1%) respectively, with p=0.019 (Bisio
F et al 2015). However, a retrospective study conducted in Cote d’Ivoire found no
difference in the risk of preterm delivery and low birth weight between EFVexposed and NVP-exposed participants. The overall prevalence for preterm
delivery and low birth weight was 10.8% and 20.2%, respectively. The prevalence
of preterm delivery and low birth weight among EFV- and NVP exposed
participants was 9.5% vs. 2.7%; p=0.76 and 17.2% vs. 24.2%; p=0.20, respectively.
The study also reported that no visible birth defect was found, either among EFVexposed or among NVP-exposed participants (Ekouevi et al. 2011).
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However, the safety profile of EFV in the first trimester of pregnancy remains of
concern due to the inconclusive evidence linked with the risk of neurological birth
defects, especially neural tube defects. Neural tube defects are birth abnormalities
that affect the brain or the spinal column. In early embryonic development, if the
neural tube fails to close, either the brain or the spinal cord leads to neural tube
defect. The formation of the tube starts as a tiny flat ribbon and should be
completely closed after the fourth week of conception. Neural tube defects happen
when the closure tube fails to form a tube, due to internal and external factors
(Centers for Disease Control and Prevention 2016b, March of Dimes 2016). Some
of the reported neural tube defects are anencephaly, encephalocele and spina bifida.

Anencephaly

Anencephaly is the most severe form of all neural tube defects. Anencephaly
means that the tube responsible for forming the top of the skull failed to close
(malformed), which leads to the brain being exposed. It is also called an ‘open
neural tube defect’, as the neural tissue of the brain is exposed. The child may have
little brain matter or none (Centers for Disease Control and Prevention 2016b,
March of Dimes 2016).

Encephalocele

This is a rare type of defect. It occurs when the closure of the tube fails, from the
frontal area to the back of the skull. In an encephalocele the meninges of the brain
protrude, like a membranous sac covered by skin. It is also called ‘closed neural
tube defect’, as the brain is covered by skin (Centers for Disease Control and
Prevention, 2016; March of Dimes, 2016).

Spina bifida

Spina bifida is the most common type of neural tube defect. There is an incomplete
closure of the neural tube anywhere along the spine. It could cause physical, as
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well as intellectual, disabilities which range from mild to severe. Depending on the
size, location, and damage to the spinal cord and nerves, there are three types of
spina bifida (Centers for Disease Control and Prevention 2016b):

I. Meningomyelocele:

This is the most serious form of spina bifida. The bones of the spinal cord do not
form fully which causes a sac of fluid to come out through the opening of the
baby’s back. A person with meningomyelocele besides part of the spinal cord has
nerves in the sac and are damaged. This kind of spina bifida causes partial or
complete paralysis, especially in the body lower to the defect and such people
suffer from bowel and urinary dysfunction (Centers for Disease Control and
Prevention 2016b).

II. Meningocele

It is a less serious kind of spina bifida than meningomyelocele. People with
meningocele have a sac on their back filled with fluid but the spinal cord is not in
the sac. Damage to the nerves is usually minor and this might cause minor
disabilities (Centers for Disease Control and Prevention 2016b, March of Dimes
2016).

III. Spina bifida occulata

This is the least serious form of spina bifida and is sometimes called the hidden
type of spina bifida. Babies with spina bifida occulata have a small gap in the spine,
however, no sac or opening on the back. They have no damage to the nerves and
spinal cord, and consequently do not cause any kind of disability (Centers for
Disease Control and Prevention, 2016).
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2.9 Time of initiation of ART and adverse pregnancy outcomes

The effect of time on initiation of antiretroviral therapy (ART) on adverse
pregnancy outcomes has been studied and, to date, conflicting results have been
reported. In a multicentre study conducted in the US, no increased risk of birth
defect among women who were exposed to ART during their first trimester of
pregnancy was found. The study included more than 2500 participants and the
prevalence of birth defects was 6.78%. However, there was no significant
difference in risk of birth defect between women who were exposed to ART during
the first trimester and women who initiated ART after the first trimester of
pregnancy (Williams et al. 2015).

Many studies have reported the relationships between increased risk of preterm
delivery and preconception ART initiation. In a study conducted in Tanzania, a
significantly higher risk of preterm delivery among women who started ART
before conception, compared to women who started ART after conception, was
found. The prevalence of preterm delivery for women who started HAART before
conception and after conception was 38% and 26%, respectively (RR=1.37, 95%
CI: 1.13-1.67) (Li et al. 2016). In the same way, a Brazilian study found that
preconception HAART-exposure increases the risk of preterm delivery fivefold
(RR= 5.0, 95% CI: 1.5-17.0). The rate of preterm delivery among HAARTexposed women before pregnancy and after pregnancy was 16.1% and 10.4%,
respectively (Machado et al. 2009). The impact of time of initiation of HAART
before conception on an increased risk of preterm delivery was also reported by a
systematic and meta-analysis. The analysis reviewed 11 studies which included
more than 19 thousand participants, and found that women who were exposed to
HAART from before pregnancy were more likely to deliver preterm babies than
women who commenced HAART after conception (pooled RR 1·20, 95% CI
1·01–1·44) (Uthman et al. 2017).

However, a study conducted in Cameroon reported the absence of a significant
difference in the risk of preterm delivery between women who started HAART
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before conception and after conception. The prevalence of preterm delivery was
8.1% and 10.1% for preconception and after conception, respectively (OR=1.22,
95% CI: 0.6-2.5, p=0.09) (Nlend et al. 2014). Similarly, a study conducted in South
Africa reported the absence of significant difference in the prevalence of preterm
delivery between women who started HAART pre- and after conception. The
prevalence of preterm delivery among women who started HAART before
pregnancy and during pregnancy was 21% and 24%, respectively (Aniji et al. 2013).

Literature to date has also reported the relationship between preconception ART
initiation and increased risk of low birth weight. In a study conducted in Cote
D'ivoire, two times higher risk of low birth weight was reported among women
who initiated HAART before conception compared to women who initiated
HAART after conception. The difference was significant with an adjusted OR
(2.12, 95% CI: 1.15-4.65) (Ekouevi et al. 2008). Similarly, studies from Tanzania
and Brazil also reported a significantly higher prevalence of low birth weight
among women who initiated HAART before pregnancy, compared to women who
initiated it during pregnancy (Li et al. 2016). The Brazilian study found almost a
four times greater risk of low birth weight among women who commenced
HAART before conception. The prevalence of low birth weight was 23% and 10.6%
for HAART exposure before conception and after conception, respectively
(Machado et al. 2009). The risk of increased prevalence of low birth weight among
women who commenced HAART before pregnancy was also reported by a
systematic and meta-analysis of 11 studies. The analysis found that there was a 1.3
times greater risk of experiencing low birth if women commenced HAART before
pregnancy, compared to after pregnancy (RR=1·30, 1·04–1·62) (Uthman et al.
2017).

On the other hand, a study from Burkina Faso found that women who started
HAART after the first trimester of pregnancy experienced a greater incidence of
low birth weight than women who started HAART before conception. The rate of
low birth weight among women exposed to HAART after the first trimester of
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pregnancy and from before pregnancy were 34% and 17.8%, respectively (Cervi
et al. 2010).

However, in a study conducted in Cameroon, no significant difference in risk of
low birth weight between women who initiated HAART before pregnancy and
during pregnancy was reported. The prevalence of low birth weight among women
who initiated HAART before pregnancy and during pregnancy was 11.7% and
11.6%, respectively (p=0.09) (Nlend et al. 2014). Similarly, a South African study
also reported the absence of a significant difference in the prevalence of low birth
weight among women who started HAART before- and after conception. The
prevalence of low birth weight among women who initiated HAART before
conception was 21% and 25% for women who started after conception (Aniji et al.
2013).

2.10

Socio-demographic characteristics and adverse pregnancy outcomes

2.10.1 Maternal age

The age of a mother has been seen as a risk factor for an increased risk of adverse
pregnancy outcomes in much of previously reported literature. According to a CDC
fact sheet, being a mother of age greater than 34 years was found to be cause for
an increased risk of birth defect (Centers for Disease Control and Prevention, 2016).
In a prospectively conducted study in Texas more than 102 thousand pregnancies,
from 1 January 1988 to 31December 1994, were included in an investigation on
the impact of maternal age on the risk of pregnancy outcomes. The study reported
that maternal age of 25 or older was significantly associated with an increased risk
of structurally malformed infants. The risk of cardiac defects, clubfoot and
diaphragmatic hernia were higher among women 40 years of age or older (Hollier
et al. 2000). Similarly, a study conducted in the United States of America reported
that increasing maternal age was significantly associated with an increased risk of
birth anomalies (Cleary-Goldman et al. 2005). Correspondingly, mothers who
carried infants with severe birth defects had a significantly higher number of
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pregnancies and deliveries than mothers who carried infants with less severe
defects (Sheiner et al. 1999).

However, a population-based study conducted in British Columbia reported the
absence of an increased risk of birth defects between unknown aetiology and
advanced maternal age. This study was done to investigate birth defects of
unknown aetiology other than those resulting from chromosomal anomalies. The
link between maternal age and about 27,000 children with birth defects of unknown
aetiology was studied, and no significant association was found between birth
defect and the age of the mother (Baird, Sadovnick & Yee 1991). Similarly, a study
conducted in Israel reported the absence of a significant relationship between
severity of birth defect and maternal age (Sheiner et al. 1999).

Maternal age was not only considered as a risk factor for an increased risk of birth
defect but was also a risk factor for preterm deliveries and low birth weight.
Maternal age greater than thirty years was found to significantly increase the risk
of both preterm deliveries and low birth weight. A large-scale study which included
more than 385 thousand participants conducted in the UK reported that pregnant
women between 35 and 40 years of age were found to have a significantly
increased risk of both preterm delivery and low birth weight (Jolly et al. 2000).
Similarly, a study in Ireland reported that mothers aged more than 40 had an
increased risk of preterm delivery and low birth weight (Milner et al. 1992).
Likewise, in the USA, mothers aged more than 35 had a significantly higher risk
of both preterm delivery and low birth weight (Cleary-Goldman et al. 2005).
Moreover, a large contemporary population-based cohort study in Manchester
reported that pregnant women aged 40+ at delivery were found to have a
significantly higher risk of preterm delivery (Kenny et al, 2013). Similarly, a
significantly increased risk of preterm delivery was reported among pregnant
women with an age range of 40-44 years (Jacobsson, Ladfors & Milsom 2004).

Maternal old age, and younger age too, could be factors which increased the risk
of preterm delivery and low birth weight. In a retrospective cohort study done in
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the United States, which included more than 3.8 million participants, teenage
mothers (<19 years) had shown a significantly higher risk of preterm delivery and
low birth weight (Chen et al. 2007). In addition, in a study conducted in Sweden,
mothers of both younger age (<17 years) and older age (>29 years) were
significantly associated with an increased risk of preterm delivery (Blomberg,
Birch Tyrberg & Kjolhede 2014). Moreover, a study from Iran also reported that
maternal age of less than twenty was significantly associated with an increased risk
of low birth weight (Golestan, Akhavan Karbasi & Fallah 2011).

On the other hand, a large cohort study conducted in Spain reported the absence of
increased risk of preterm delivery among mothers older than 40 years of age
(Khalil et al. 2013). Similarly, a study done in Turkey reported the absence of an
increased risk of preterm delivery among mothers of age greater than 34 years and
less than 34 years old (Benli et al. 2015).

2.10.2 Marital status

Unmarried women are often greatly disadvantaged due to lack of family support,
either emotionally or financially, compared to married women during pregnancy.
A study conducted in Australia examined the socio-economic determinants of birth
weight, with a focus on maternal family status. The study reported that social and
financial stress may have an important influence on the birth weight of newborns,
especially at the lower end of the birth weight distribution (Frimmel & Pruckner
2014).

In a hospital-based cohort study done in Finland, a significantly higher risk of
preterm delivery and low birth weight were found among unmarried participants.
More than 25,000 participants were included in this study, which concluded that
pregnancies of unmarried women had a 20% greater risk of overall adverse
outcomes, compared to pregnancies of married women (Raatikainen, Heiskanen &
Heinonen 2005). Previously conducted studies reported that marriage has a
protective effect on adverse pregnancy outcomes. Similarly, a prospective cohort
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study conducted in Malaysia, which investigated the impact of maternal marital
status on birth outcomes, reported a significant difference in the risk of preterm
delivery and low birth weight between married and single mothers. However, no
significant difference in the risk of birth defect was found. A total of 442 (229
unmarried and 213 married) women were included in the study. The study found
that the risk of preterm delivery and low birth were significantly higher among
single mothers, compared to married mothers (Mohd Zain, Low & Othman 2015).
However, lack of strong social support was found to significantly increase the risk
of a birth defect called oral clefts (Ma et al. 2015).

Moreover, a systematic and meta-analysis study (Shah PS, et al, 2011) investigated
relationships between maternal marital status and birth outcomes. The study
included more than 20 studies, and found that maternal unmarried status was
significantly associated, not only with an increased risk of preterm delivery, but
also with risk of low birth weight compared to maternal married status (Shah PS,
et al, 2011). In addition, a cross-sectional population-based study which was
conducted in Ghana to investigate factors correlated with low birth weight,
reported that being an unmarried mother significantly increases the risk of giving
birth to babies with low birth weight (Tampah-Naah, Anzagra & Yendaw 2016).
Another study conducted in the USA reported that unmarried mothers had a
significantly higher risk of preterm delivery than married mothers (Young,
Declercq 2010).

However, a retrospective case-control study conducted in Israel examined the
effect of marital status on pregnancy outcomes and found no significant difference
in the risk of preterm delivery and low birth weight between married and unmarried
women (Lurie et al. 2010).

2.10.3 Employment status

Being unemployed has a negative effect on the health and life satisfaction of an
individual, let alone for a pregnant woman expecting an additional human being.
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Such an additional responsibility, especially if the mother is unemployed, has a
negative effect on mental health (Huber, Lechner & Wunsch 2011).

A large multicentre case-control study conducted in the US investigated the
relationships between socio-economic status and selected birth defects. The study
comprised more than 4300 participants, among them 1841 (42%) women who had
delivered with birth defects. The study reported that participants with the lowest
household socio-economic status had significantly higher risk of birth defects. In
this study the birth defects studied were neural tube defect, orofacial cleft and
conotruncal heart defect (Yang et al. 2008). However, a study conducted in
California reported that lower socioeconomic status of participants was not found
to be significantly associated with an increased risk of birth defects. In this study,
two types of birth defects – orofacial clefts and conotruncal heart defects – were
studied, and no significant difference was found among participants with different
socioeconomic status (Carmichael, Ma & Shaw 2009).

A nationwide case-control study conducted in Portugal assessed the association
between maternal employment and preterm delivery. More than 1800 participants
were included in this four-month-long study from 25 public maternity wards. 769
(42.2%) of the participants had experienced preterm delivery, and the study found
that being unemployed when entering pregnancy was a significantly higher risk for
preterm delivery (OR=1.5: 95% confidence interval (CI) 1.18-1.88) than employed
women (Rodrigues & Barros 2008). Similarly, the impact of social and economic
inequalities on pregnancy outcomes (preterm delivery and low birth weight) was
investigated in a study conducted in Barcelona (Spain). This cross-sectional
ecological study, which included more than 190, 000 participants, was conducted
using the 38 neighbourhoods of Barcelona as the unit of analysis. The study
reported that a higher proportion of preterm delivery and low-birth-weight was
found among disadvantaged neighbourhoods (Garcia-Subirats et al. 2011).

Another study conducted in California, which included more than ten thousand
participants, determined the effects of changing mother employment status from
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employed to unemployed on the prevalence of low birth weight. The study found
that mothers who changed from adequate employment to underemployment had
shown a significantly higher prevalence of low birth weight (Dooley & Prause
2005).

However, a cohort study conducted in Queensland, Australia, which included more
than 8500 participants, also determined the effect of maternal unemployment on
the prevalence of low birth weight. The study found that maternal unemployment
was not a significant indicator for increased risk of low birth weight (Najman et al.
1989). Another study conducted in Iran reported that employed mothers had
shown a significantly lower birth weight compared to housewives (unemployed
mothers). However, no significant difference in mean for gestational age was found
between employed and housewives (unemployed) mothers (Firouzbakht, Nikpour
& Tirgar 2015).

2.10.4 Body mass index (BMI) of the mother

The prevalence of overweight and obesity in South Africa is the highest in subSaharan Africa, with nearly 70% of women classified either as overweight or obese.
About 42% of South African women were obese, with a body mass index greater
than 30 kg/m2. An increased risk of adverse pregnancy outcomes was found in
previously reported literature which investigated the effect of body mass index of
pregnant women on adverse pregnancy outcomes, as reported by previous
literature (Ng et al. 2014).

A study done in the US reported that a significantly increased risk of a structural
birth defect was found among mothers with obese body mass index was compared
with that of non-obese mothers. In this case-control study, 300 cases and 100
controls were enrolled between 1 October 1997 and 31 December 2002. The study
found an approximately two-fold increased risk of babies affected by spina bifida
among obese mothers, compared to non-obese mothers (Waller et al. 2007).
Similarly, a study from Sweden which included more than a million participants to
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study the effect of obesity on the risk of birth defect was conducted. The study
found that the risk of birth defect was significantly higher among obese mothers
and the risk of neural tube defect four times greater among obese mothers than
non-obese mothers (Blomberg & Källén 2010). However, a cohort study conducted
in England indicated that an increased risk of congenital anomaly was significantly
associated with both obese and underweight mothers. Obese mothers had a
significantly higher risk, not only with structural birth defect, but also with
increased risk of preterm delivery (Rankin et al. 2010).

A study done in Sweden reported a significantly higher risk of preterm delivery
among mothers with body mass index greater than 30, as against mothers with
normal body mass index. Higher prevalence of preterm delivery was reported
among overweight and obese mothers, compared to mothers with normal body
mass index. This study involved about 1.6 million pregnant mothers (Cnattingius
et al. 2013). Similarly, a large prospective population-based cohort which included
more than half-a-million participants from rural areas of China was conducted from
2010 to 2012 to investigate the association between pregnancy body mass index
and adverse pregnancy outcomes. The study found that the prevalence of obesity
increases during pregnancy, and overweight and obese women were found to have
an increased risk of preterm delivery and low birth weight (Pan et al. 2016).
Likewise, in Japan, pre-pregnancy underweight was significantly associated with
an increased risk of preterm delivery, compared to mothers with normal and
overweight mothers (Enomoto et al. 2016).

A study done in Australia reported mixed results with mothers who were obese
prior to pregnancy and mothers who gained more weight during pregnancy, who
had significantly lower risk of low birth weight but had a significantly greater risk
of preterm delivery than mothers who gained inadequate weight or were
underweight before pregnancy. In this study, more than 6500 study participants in
a population-based cohort study were included, and showed the significant effect
of body mass index on the risk of low birth weight and preterm delivery (Mamun
et al. 2011).
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On the other hand, a study from the University of Manchester examined the effect
of body mass index in early pregnancy on adverse pregnancy outcomes. A
population-based cohort study was conducted and more than 99 thousand babies
born between 2004 and 2006 were included. The study found that the risk of
preterm delivery was reduced by 10% among obese and overweight women
compared to underweight women (Khashan & Kenny 2009). Similarly, a
systematic review and meta-analysis of 78 studies which included more than a
million study participants reported a significantly increased risk of preterm
delivery, and low birth weight was found among underweight women, compared
to women with normal weight (Han et al. 2011). However, a study from eastern
Thailand reported the absence of a significant difference in the risk of low birth
weight across the maternal pre-pregnancy body mass index (Sananpanichkul &
Rujirabanjerd 2015).

2.11

Antenatal Care (ANC)

Antenatal care (ANC) during pregnancy is considered one of the health care
functions which enables health promotion, screening, diagnosis and disease
prevention for pregnant women. Provision of quality ANC reduces the risk of
stillbirth and pregnancy complications, giving women a positive pregnancy
experience (World Health Organization 2016c).

In 2015, about 303,000 women and 2.7 million babies died from pregnancy-related
causes and during the first 28 days of life, while 2.6 million babies were stillborn.
Provision of quality ANC during pregnancy and childbirth prevent the death of
both mothers and babies. However, globally, only 64% of women receive ANC
four or more times during their entire pregnancy. The new 2016 World Health
Organization (WHO) ANC model increases the number of contacts between
pregnant women and health care providers throughout the entire pregnancy from
four times to eight times. The recommend contact times (periods) for a pregnant
woman to seek ANC are: first contact in the first 12 weeks of gestational age and
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subsequent contacts at 20, 26, 30, 34, 36, 38 and 40 weeks’ gestational age (World
Health Organization 2016c).

Currently, South Africa is implementing the five Basic Antenatal Care (BANC)
contacts policy. BANC policy is an approach implemented in public health
institutions in South Africa which enable the delivery of health care services to
pregnant women. As WHO has recommended the need for more contacts between
health care providers and pregnant women, South Africa will be moving to an
eight-contact care model. The new model will be called Basic Antenatal Care Plus
(BANC+). This model will improve pregnancy experiences and pregnancy
outcomes. In South Africa, BANC+ will emphasise the importance of undertaking
the first visit as early as possible, the second visit scheduled at 20 weeks, and then
the subsequent visits scheduled at 26 weeks, 30 weeks, 34 weeks, and then every
two weeks until birth. This model will not only increase the number of ANC visits
during pregnancy but will also give an indication of how the care is given ((World
Health Organization 2016a).

A study conducted in Finland investigated the association of under-attending free
antenatal care with adverse pregnancy outcomes. In this study, more than twentythree thousand participants were included. The study reported that a significantly
higher risk of low birth weight was found among participants with under- and nonattenders of antenatal care during pregnancy (Raatikainen, Heiskanen & Heinonen
2007). Similarly, a study from Ghana reported a significantly higher risk of preterm
delivery, and low birth weight was found among participants who had attended
ANC for fewer than four times compared to those who attended more than four
times (Asundep et al. 2014).

However, the impact of ANC visits on adverse pregnancy outcomes was not only
limited to the number of visits made, but also the timing of ANC visits. A study
conducted in Argentina reported that women who delayed attending ANC had a
significantly greater risk of both preterm delivery and low birth weight, compared
to women who had initiated earlier in their pregnancy (Wehby et al. 2009).
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Similarly, a study from Angola reported that women attending ANC fewer than
four times and women who had started late for their ANC had significantly higher
risk of preterm delivery and low birth weight (Nimi et al. 2016). Moreover, a metaanalysis of 23 studies on partial risk factors of full-term infants with low birth
weight reported that fewer antenatal visits were found significantly associated with
an increased risk of low birth weight among full-term infants (Wu et al. 2016).

However, a study conducted in Thailand reported that antenatal care equal or
greater than four visits was not found to correlate with low birth weight. Even
though the study found that good antenatal care has a protective effect on the risk
of low birth weight, antenatal care equal to or more than four visits were not found
to be a protective factor for an increased risk of low birth weight (Kanjanasingh
2014).

2.12 Use of supplements during pregnancy

According to WHO, the estimated prevalence of anaemia among pregnant women
is 40%. In at least 20% of the pregnant women the burden of anaemia is assumed
to be due to iron deficiency. Pregnant women require not only additional iron, but
also folic acid, for the nutritional needs of the mother and for the development of
the foetus. Deficiencies of both iron and folic acid during pregnancy may not only
adversely impact on the health of the mother and her pregnancy, but also the
development of the foetus. Oral supplementation of 30 mg to 60 mg of elemental
iron and 400 µg (0.4 mg) folic acid on a daily basis is the recommend dose for
pregnant women in order to prevent maternal anaemia, preterm delivery and low
birth weight (World Health Organization 2017).

Pregnant women are at greater risk of folic acid insufficiency due to increased
demands by the body for enlargement of the uterus, placental development and
foetal growth. Folate insufficiency status may lead to foetal anomaly (including
neural tube defect), retarded foetal growth, preterm delivery and maternal anaemia
(Fekete et al. 2010, Greenberg et al. 2011).
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Iron deficiency in pregnant women was shown to reduce the supply of oxygen to
the foetus, and subsequently lead to retardation of the growth of the foetus, increase
the risk of preterm delivery and low birth weight. A study from Zimbabwe on the
effect of iron supplementation during pregnancy on birth weight reported that use
of iron during pregnancy significantly reduced the risk of low birth weight.
Mothers who received iron supplements during pregnancy gave birth to babies with
significantly heavier birth weight than mothers who did not receive iron in their
pregnancy (Mishra et al. 2005).

A large mega-cohort conducted in China determined the effect of pre-conceptual
folic acid use on pregnancy outcomes. The study, which included more than 1.5
million women, reported that women who did not take folic acid before and during
early pregnancy had an increased risk of birth defects (including neural tube defect),
preterm delivery and low birth weight, compared to women who took a folic acid
supplement. Women who started folic acid use three months prior to their last
menstrual period had shown a significantly low risk of birth defect, preterm
delivery and low birth weight. The study demonstrated the protective effect of the
initiation of folic acid use before pregnancy on birth defect, preterm delivery and
low birth weight (He et al. 2016).

A systematic review and meta-analysis on maternal anaemia and risk of adverse
birth and health outcomes in low- and middle-income countries reported that a
significantly higher risk of preterm delivery and low birth weight was found among
pregnant women with anaemia (Rahman et al. 2016). Another systematic review
and meta-analysis on anaemia, prenatal iron use and risk of adverse pregnancy
outcomes reported that the use of iron not only significantly reduced the risk of
anaemia, iron deficiency and iron deficiency anaemia, but also low birth weight.
However, the risk of preterm delivery was not found to be significantly associated
with the use of iron, but anaemia in the first and second trimester of pregnancy was
significantly associated with an increased risk of preterm delivery and low birth
weight. The study included 48 randomized control trials, which included around
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18 thousand women and 44 cohort studies, including more than 1.8 million women
(Haider et al. 2013).

On the other hand, a review on folic acid supplementation during pregnancy on
maternal health and pregnancy outcomes reported that folic acid supplementation
during pregnancy was found not to impact on pregnancy outcomes. The study
which included thirty-one trials, including more than 17 thousand women, found
no significant difference in the risk of preterm delivery and no significant impact
on improvement in pre-delivery anaemia. However, folic acid supplementation
during pregnancy significantly improved the mean birth weight of the baby. The
review failed to generate evidence of the use of folic acid supplements during
pregnancy on pregnancy outcomes (Lassi et al. 2013).

Similarly, a study conducted in Hungary on iron deficiency anaemia to assess iron
supplementation effect on pregnancy outcomes found no difference in the rate of
preterm delivery and low birth weight in babies born from anaemic mothers who
supplemented with iron during pregnancy. However, a significantly higher rate of
preterm delivery was found among anaemic pregnant women without iron
supplementation (Banhidy et al. 2011). Moreover, a study from Iran on the impact
of iron supplementation in healthy pregnant women and adverse pregnancy
outcomes also found that use of iron during pregnancy significantly reduces iron
deficiency. However, no significant difference in the risk of preterm delivery and
low birth weight was found among pregnant mothers who were on iron
supplementation and placebo (Falahi et al. 2011).

2.12

Alcohol consumption during pregnancy

The effect of the use of alcohol during pregnancy on the risk of birth defect is well
documented. Alcohol consumption increases the risk of birth defects such as
growth deficiencies, central nervous impairments, impaired intellectual
development, facial abnormalities and behavioural disorder (Carmona 2005,
Ornoy & Ergaz 2010). A prospective cohort study was conducted in Chile to
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investigate the prevalence and relationship of heavy prenatal alcohol-exposure and
abnormal birth outcome. The study included more than 9500 participants and
reported that functional central nervous system birth abnormalities were
significantly higher among alcohol-exposed women during pregnancy than
unexposed. Both growth restriction and facial abnormality were significantly
higher among alcohol consumers during pregnancy than non-consumers (Kuehn et
al. 2012).

According to a CDC report published in 2016, there is no known safe extent of
alcohol consumption during pregnancy or safe time for alcohol consumption
during pregnancy. The report also added that there is no safe type of alcohol during
pregnancy, and all kinds of alcohol are harmful during pregnancy, not only to the
mother but also to the baby. The negative consequences due to alcohol
consumption during pregnancy are called Foetal Alcohol Spectrum Disorder
(FASDs) and it can be prevented if the pregnant woman abstains from consuming
alcohol during pregnancy (Centers for Disease Control and Prevention 2016a).

Many studies reported the effect of alcohol consumption during pregnancy on
pregnancy outcomes. A prospective cohort study conducted in the UK on the effect
of maternal alcohol intake before conception and during pregnancy on adverse
birth outcomes reported that women who had consumed > 2 units of alcohol per
week before conception, and during the first and second trimester of pregnancy,
had shown a significantly higher risk of preterm delivery and low birth weight.
Even pregnant women who had consumed less than two units of alcohol per week
had shown a significantly higher risk of preterm delivery and low birth weight,
compared to alcohol non-users. The study emphasized that women planning to
conceive, and pregnant women during pregnancy, should completely avoid alcohol
consumption. The study included more than 1300 pregnant women (Nykjaer et al.
2013). Similarly, a population-based cohort study conducted in Western Australia
investigated the effect of maternal alcohol use during pregnancy on foetal growth
and preterm birth. The study included more than 4700 study participants and
reported that a higher risk of preterm delivery was seen among participants who
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consumed alcohol from a moderate to a higher level. However, low-level alcohol
consumption was not associated with an increased risk of preterm delivery
(O’Leary et al. 2009).

On the other hand, a study conducted in Japan reported a mixed effect of alcohol
consumption during pregnancy on pregnancy outcomes. Alcohol consumption
during pregnancy with more than one gram or more per day was significantly
associated with an increased risk of preterm delivery, compared to women who
abstained from alcohol consumption during pregnancy. However, the study also
found no significant association between alcohol consumption during pregnancy
and risk of low birth weight. The study used a self-administered questionnaire to
gather data and included more than 1500 study participants (Miyake et al. 2014).
However, a study from Switzerland reported that moderate (2-4 glasses per week)
drinking during pregnancy had shown a significant increase in the risk of low birth
weight. But the study also found no significant increase in the risk of preterm
delivery among pregnant women who consume alcohol during pregnancy
moderately. The study involved more than 1200 participants (Meyer‐Leu et al.
2011). Moreover, a systematic review and meta-analysis investigating the doseresponse relationships between alcohol consumption and pregnancy outcomes
reported that heavy alcohol consumption (>18 g pure alcohol/week) during
pregnancy significantly increased the risk of preterm delivery and low birth weight.
However, light to moderate alcohol consumption (up to 18 g alcohol/week) during
pregnancy had shown no significant effect on the risk of preterm delivery and low
birth weight. But the study did conclude that moderate consumption of alcohol
during pre-conception reduced the risk of both preterm delivery and low birth
weight. The review included 36 studies, both case-controlled and cohort studies
(Patra et al. 2011).

On the other hand, in a study conducted by McCarthy et al. (2013) on maternal
alcohol consumption in early consumption and pregnancy outcomes, the study
reported that no significant increase in risk of pregnancy outcomes such as preterm
delivery and low birth weight were found among participants who consumed
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alcohol during their early pregnancy (up to 15 weeks of pregnancy). The study
included more than 5600 participants, and participants were divided based on their
level of alcohol consumption as occasional (1-2 units per week), low (3-7 units per
week), moderate (8-14 units per week) and heavy (greater than 14 units per week).
The study concluded that no increased risk of preterm delivery and low birth were
found among participants who consumed alcohol at less than 6 units per week and
participants who consumed alcohol at more than 6 units per week (McCarthy et al.
2013).

2.13

Cigarette smoking during pregnancy

According to CDC, pregnant women who smoke during pregnancy have a greater
risk of giving birth to babies with certain birth defects, such as cleft palate, preterm
delivery and low birth weight (Centers for Disease Control and Prevention 2016c).
Women smoking during the first trimester of pregnancy would give birth to a baby
with a 20% -70% likelihood of greater risk of congenital defect. The CDC reported
that the most common types of birth defect, following smoking, during the first
trimester of pregnancy were congenital heart defects (Centers for Disease Control
and Prevention 2011). According to WHO, infants born to women who smoke
during pregnancy have a higher risk of both preterm delivery and low birth weight
(World Health Organization 2013c).

A study conducted in the US to investigate the effect of trimester-specific smoking
behaviour and risk of preterm delivery included more than 900,000 study
participants and studied the rate of preterm delivery among women who do not
smoke and women who smoked before pregnancy only, women who quit smoking
after the first and second-trimesters of pregnancy and women who smoked
throughout pregnancy. Women who quit smoking late after the second-trimester of
pregnancy had a significantly higher risk of preterm delivery. However, early
quitting of smoking in the first trimester of pregnancy had shown no significant
increased risk of preterm delivery, compared to non-smokers. The study concluded
that smoking throughout pregnancy had significantly increased the risk of preterm

50

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

delivery but this increased risk could be interrupted by encouraging pregnant
women to stop smoking as early as possible during their pregnancy (Moore et al.
2016). Similarly, Jessica et al., 2016, a US study, reported that women who quit
smoking late after the second-trimester of pregnancy and women who smoked
throughout the entire pregnancy had a significantly higher risk of preterm delivery
than those who quit in their first trimester or early second trimester of pregnancy
or were non-smokers (Wallace et al. 2017).

A cohort study conducted in Greece to investigate the effect of smoking during
pregnancy on the risk of low birth weight and foetal growth. The study included
one thousand four hundred participants and reported that the risks of low birth
weight and foetal growth restriction were significantly higher among smokers (3
times higher) than non-smokers (Vardavas et al. 2010). Similarly, a study
conducted in the Netherlands and Germany reported that women who actively
smoke throughout pregnancy had a significantly higher risk of, not only preterm
delivery, but also low birth weight. The study concluded that both active and
passive smoking during the late period of pregnancy were associated with an
increased risk of preterm delivery and low birth weight (Jaddoe et al. 2008, Hamad
et al. 2012). Similarly, a study conducted in California found that the risk of low
birth weight was significantly higher among women who smoked throughout
pregnancy than non-smokers (Yerushalmy 2014).
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CHAPTER THREE

METHODOLOGY

3.1 Study design

A retrospective cohort study was conducted to investigate the difference in the
prevalence of adverse pregnancy outcomes among HIV-positive pregnant women
treated with efavirenz (EFV)-containing antiretroviral therapy (ART) and
nevirapine (NVP)-containing ART, as well as HIV-negative pregnant women. The
study involved three groups, one experimental group, with the other two used as
control groups for the study. The experimental group include HIV-positive
pregnant women treated with EFV-containing ART. The control group included
HIV-positive pregnant women treated with NVP-containing ART and HIVnegative pregnant women.

Study participants who had been exposed to EFV- and NVP-containing ART
during pregnancy were identified and the outcomes of their pregnancies were
documented. All the data was collected retrospectively from folders (medical
records) of the study participants who had already delivered during the data
collection period. The pregnancy outcomes of HIV-negative pregnant women (the
second control group) was included in order to investigate the existence of any
difference in pregnancy outcomes, compared to the HIV-positive pregnant women
who were exposed to EFV and NVP-containing ART. In all three groups,
characteristics of the study participants were not controlled or matched, making
this an unmatched cohort study.

3.2 Study sites/ study settings
This study was conducted at Maternity and Obstetric Units (MOUs) located within
the community health centres found on the Cape Flats of Cape Town. The MOUs
included in the study were Khayelitsha (Site B) and Mitchells Plain. These two
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study sites were selected for two reasons. The first reason was that a large number
of HIV-positive pregnant women attended these sites for their antenatal care and
antiretroviral therapy services, and the other reason was their convenient access for
the investigator.

3.3 Study period
The data for the study was collected between mid-April 2014 and mid-July 2016.
During these periods, the folders of patients who attended and delivered at the
selected study sites from January 2010 until the end of June 2016 were reviewed
and the necessary data gathered.

3.4 Study population

All HIV- positive and HIV-negative pregnant women who attended and delivered
at both Khayelitsha (Site B) and Mitchell’s Plain MOUs were included. All HIVpositive pregnant women who were either on EFV-containing ART or NVPcontaining ART were included in the study. HIV-positive participants who
delivered between January 2010 and June 2016 at the selected study sites were
included. For HIV-negative participants, only those who attended and delivered at
the selected study sites from January 2016 to June 2016 were included.

3.5 Inclusion and exclusion criteria of the study

3.5.1

Inclusion criteria

The inclusion criteria of the study were


HIV-positive participants who were on EFV-containing ART and delivered
at the selected study sites between January 2010 and June 2016.



HIV-positive participants who were on NVP-containing ART and
delivered at the selected study sites between January 2010 and June 2016.
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HIV-positive participants who started ART before pregnancy and delivered
at the selected study sites.



HIV-positive participants who started ART during a different trimester of
pregnancy and delivered at the selected study sites.



HIV-negative participants who delivered at the selected study sites between
January and June 2016.



3.5.2

Study participants’ folders with birth outcome information were included.

Exclusion criteria

Study participants with the following criteria were excluded from the study.


All HIV-positive participants who delivered at the selected study sites
before January 2010.



All HIV-negative participants who delivered at the selected study sites
before January 2016.



All HIV-positive mothers who were on zidovudine (AZT) prophylaxis
during pregnancy.



All HIV-positive mothers who were on protease inhibitors containing
antiretroviral therapy.



All patient folders, both HIV-positive and HIV-negative, with missing
information on pregnancy outcomes were excluded.



Both HIV-positive and HIV-negative who did not deliver at the selected
study sites were excluded.

3.6 Variables of the study

The study variables were categorised into two groups, the dependent and
the independent variables.
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3.6.1

Dependent variable

The following outcome variables were considered as dependent variables of
the study.


Structural birth defect (including neural tube birth defect).



Preterm delivery.



Low birth weight.

3.6.2

Independent variables

The following were the independent variables of the study. Independent
variables were included under each different parameter.

A. Socio-demographic characteristics of the mother


Age.



Occupation.



Marital status.



Race.



Body mass index.

B. Antenatal care


Antenatal care received (yes / no).



Number of antenatal care visits.



Weeks of pregnancy in the first antenatal care visit.

C. Neonatal and obstetric history


Number of previous deliveries.



History of adverse pregnancy outcomes (preterm delivery, low birth weight
or miscarriage).
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D. Maternal HIV status and the level of severity

Study participants were classified according to their HIV status as


HIV-positive and HIV-negative.



WHO clinical HIV-stage of HIV-positive participants (stage I-IV).



CD4 count of HIV-positive participants during pregnancy.



Viral load HIV-positive participants during pregnancy.



HIV-negative participants.

E. Use of antiretroviral therapy (ART) by HIV-positive participants during
pregnancy


Type of antiretroviral drugs used during pregnancy (either treated with
EFV or NVP containing ART).



Date of ART initiation (either before conception or during the different
trimesters of pregnancy).

F. Use of supplements (folic acid and iron)


The times during the different trimesters of pregnancy, when the
supplement was given.

G. Alcohol consumption during pregnancy


Study participants, both HIV-positive and HIV-negative, were classified
according to their alcohol use during pregnancy as alcohol consumers and
non-consumers.

H. Cigarette smoking during pregnancy
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Study participants, both HIV-positive and HIV-negative, were classified
according, to their cigarette smoking during pregnancy, as smokers or nonsmokers.

I. Details of the new-born infant


Gender.



Birth defect status (yes / no).



Birth weight (<2500g or ≥2500g).



Gestational age (<37 weeks or ≥37 weeks).

3.7 Data collection process

3.7.1

Data collection procedure

Before the actual data collection started, both an ethical clearance certificate for
the study from the University of the Western Cape ethics committee and a letter of
permission from the Department of Health of the Western Cape were presented to
the Departmental Head of the MOUs of the study sites. Before submitting copies
of these documents to the study sites’ directors, phone calls were made to arrange
for a meeting. After the dates for a meeting were confirmed, both the principal
investigator and the supervisor of the principal investigator presented the two
documents and made a brief presentation about the project. This included what the
nature of the project is, how long the data collection would take, how the data
would be collected, who would be involved in the data collection, what was needed
from the study sites and study sites staff and the significance of the study. Data
collection was then commenced.

In order to collect data, patient folders were withdrawn one-by-one from the
shelves of the record department of each study site. Then, the folders were
screened, based on the inclusion criteria. Data was collected from all the patient
folders which satisfied the inclusion criteria.
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3.7.2

Data collection instrument

A structured and pre-tested data collection instrument was used to collect all the
necessary information needed for the study. The data collection instrument was
prepared with care, to include all the study variables, and the prepared data
collection instrument was then pretested on a very small sample of participants not
included in the actual study. The objective of pretesting the prepared data
collection instrument was to test or validate how well the content of the instrument
would be able to grasp the proposed information and to test how well the order of
the information was structured in order to simply the process of data collection.
After the data had been collected from a small sample of patient folders, the data
collection instrument was revised, based on the feedback obtained. The contents of
the data collection instrument were then updated by adding and removing
information according to the actual data available from the folders before being
used for the main study.

This structured and pretested data collection instrument was used to collect data
from patient folders. The following information was captured from each patient
folder.
 Maternal socio-demographic characteristics (age, employment status,
marital status, height, weight, body mass index).
 Antenatal visits, status of visit (yes or no), number of visits throughout
pregnancy, number of weeks of pregnancy at the first visit.
 Neonatal and obstetric history (number of previous deliveries, experience
of adverse pregnancy outcomes in the previous deliveries.
 HIV status of the mother (HIV status (yes or no), severity of the HIVinfection for HIV-positive participants (in respect of CD4 count, WHO
HIV-stage, viral load during pregnancy).
 Type of antiretroviral drugs given during pregnancy (efavirenz or
nevirapine containing antiretroviral therapy).
 Time of initiation of antiretroviral drugs (before conception, after
conception or during first, second, or third trimesters).
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 Use of supplements – both folic acid and iron (the trimester of pregnancy
when the supplement was prescribed).
 Use of alcohol during pregnancy (yes or no).
 Cigarette smoking during pregnancy (yes or no).
 Method of delivery (normal vaginal delivery, Caesarean section).
 Birth outcome (live births, still births or miscarriages),
 Details of the new-born (date of birth, birth weight, gestational age, born
with visible birth defect or not).

3.7.3

Data collectors

Data was collected by the principal investigator, a PhD candidate. Data
completeness and accuracy were checked before the folders were returned to the
shelves. Finally, all the relevant patient folders in which data was captured were
returned to the shelves according, to their folder numbers.

The correctness of the captured data was ensured by adding more key questions of
the same nature, but presented in a different way. If the information captured in
both questions was similar but presented differently, the captured information was
considered correct. Otherwise, the captured data was not considered correct until
it was double-checked with the patient folder and the necessary correction was
made. In addition, when incomplete patient information was discovered, it was
corrected using the folder number of the patient as an identifier, and then
completed. If the information in the patient folder was incomplete or lacked vital
information, the patient folder was excluded from the study.

3.8 Sampling procedure and sample size

3.8.1

Sampling procedure

Being a retrospective patient folder review-based study, all eligible patient folders
were considered candidates for the study. Each patient folder found in the record
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department of each selected study site was checked for eligibility one-by-one. All
patient folders which were eligible according to inclusion criteria of the study were
included. However, patient folders with exclusion criteria were excluded. Data
collection was continued until it reached the calculated sample size.

3.8.2

Sample size determination

In order to determine the overall sample size of the study, the sample size needed
to investigate each outcome of interest or the dependent variable, such as birth
defect, preterm delivery or low birth weight should be determined independently.
To determine the sample size of each outcome of the study, first the prevalence of
the outcomes of interest, in both the general population and among people who
were exposed to the drug under study, were documented from the previous
literature.

The dependent variables of the study were visible structural birth defect, preterm
delivery and low birth weight. Assuming a 95% confidence interval, and 80%
power of the study, the sample size determination process for each outcome is
presented below.

3.8.2.1 Sample size determination for structural birth defect (neural tube
birth defect) as an outcome

The prevalence of neural tube defect in the general population varies from place to
place. In South Africa, the prevalence of neural tube defect is less common in urban
areas than rural ones. The prevalence of neural tube defect in urban areas of South
Africa (Cape Town, Johannesburg and Pretoria) was reported as 1/1000 (one birth
with neural tube defect in 1000 live births). However, in rural areas of South Africa
the prevalence of neural tube defect was reported as 3.6-6.1/1000 ((Christianson et
al. n.d.). On the other hand, a large French retrospective study reported that the
prevalence of neural tube defect among women exposed to efavirenz-containing
antiretroviral therapy (ART) during the first trimester of pregnancy was found to
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be three times (adjusted odds ratio 3.15) higher than in women unexposed to
efavirenz-containing ART (Sibiude et al. 2014).

Therefore, assuming the confidence level and power of the study set out above, the
sample size of the study to investigate the prevalence and association of neural tube
birth defect following exposure to efavirenz containing ART was determined using
EPI-Info version 7 statistical calculator and the calculated sample size was 1610.

3.8.2.2 Sample size determination for low birth weight as an outcome

A study conducted in Ethiopia reported that the prevalence of low birth weight
among pregnant women treated with antiretroviral therapy was 38.5% and the
prevalence among HIV-positive but untreated pregnant women using ART during
pregnancy was 5.6% (Kebede, Andargie, & Gebeyehu 2013). In similar fashion, a
study from Poland reported that the prevalence of low birth weight among pregnant
women exposed and unexposed to ART was 16% and 9.5%, respectively
(Kowalska et al. 2003). In order to obtain the highest sample size that increase the
accuracy of the study, a prevalence 16% and 9.5% of low birth among pregnant
women exposed and unexposed to ART during pregnancy was considered for
calculation.

Using an EPI-Info version 7 statistical calculator to calculate the sample size
sufficiently to draw conclusions using the evidence provided above, the total
sample size was calculated as 998. For the calculated sample size, with a ratio of
2:1 between exposed and unexposed, 665 and 333 study participants were allocated
to each group.

3.8.2.3 Sample size determination for preterm delivery with adverse
pregnancy outcome

A South African retrospective observational study reported a three times higher
incidence of preterm delivery documented among pregnant women exposed to
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ART, compared to pregnant women unexposed to ART during pregnancy, with
15% versus 5%, respectively (Van der Merwe et al. 2011).

Using a 95% confidence interval, 80% power of the study and the above prevalence
given, the sample size of the study to investigate the incidence of preterm delivery
following first trimester exposure to EFV-containing ART was determined using
an EPI-Info version 7 statistical calculator as 365. From the calculated sample size,
243 for exposed and 122 for unexposed study participants were allocated, with a
ratio of 2:1.

The final sample size of the study was calculated considering the maximum sample
size that was obtained using structural birth defect as a dependent variable. This
was done because all the other variables could be studied without any compromise
in generalizing their respective outcomes. A total of 2476 study participants were
included in the study.

3.9 Data analysis and statistics

3.9.1

Data entry and cleaning

After the data collection process was completed, data from each completed data
collection form was entered into a Statistical Package for the Social Sciences
(SPSS) version 21. First, a template of the data collection instrument was created
in the SPSS and then data was transferred from the paper data collection form to
the softcopy template in SPSS, one by one. After entering data from each data
collection form, the correctness of the information was checked, one by one, in
order to ensure correctness and avoid any error of the data entered into the SPSS.
This was done by correcting any wrongly-filled information in the system or by
completing any missing information. To further clean any topographical error
while entering either values of the variables of the study or names, a frequency
descriptive analysis was done for each variable, and necessary correction was made
to avoid any error during analysis.
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After data entry and cleaning was completed, some variables were grouped,
categorized and coded for analysis simplicity.

3.9.2

Analysis and statistics

After double-checking the data entered into SPSS for any error, descriptive
statistics for each variable were conducted and the results of each variable were
summarized in tables and figures. Before selecting the type of analysis, the nature
of each dependent and independent variable was first determined. All the
dependent variables were categorical, namely birth defect, preterm delivery and
low birth weight, which were answerable with either a ‘yes’ or ‘no’ type of answer.
On the other hand, independent variables such as maternal age, body mass index,
CD4 count, viral load and number of antenatal visits of the pregnant women during
pregnancy, were categorized so as to simplify determination of the association
between the independent and dependent variable. Since both the dependent and the
independent variables were categorical, no test for normal distribution was needed.
A normality test was used for continuous variables to assess how the values were
distributed. If the values of the variable were found to be normally distributed, then
a parametric method of analysis would be used to investigate the association of the
independent and the dependent variables. However, if the distribution of the values
of the variable under study were found to be not normally distributed, a nonparametric test would be the best method to use to determine the association
between the independent and the dependent variables (Walters 2013).

In this study both the independent and dependent study variables were categorical.
Thus, a chi-square test was conducted in order to investigate the association
between the dependent and the independent variables (the outcomes were
variable).

A chi-square test was conducted for each pair (one independent and one dependent
variable) in order to identify which independent variable had a significant
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association with a dependent variable. If the association of the two variables
showed a significant relationship, then another independent variable with
significant association with the outcomes of interest was added to the analytical
system, in order to avoid the effect of any confounding factors. P-value < 0.05 was
taken as a measure of significance and chi-square coefficient and degree of
freedom for each test was also presented.

In addition, univariate and multivariate logistic regression analysis was conducted.
Using both chi-square and univariate binary logistic regression, the association
between individual independent variables and the dependent variables was
conducted using one-to-one analysis. Independent variables with significant
association to the dependent variable under study were identified and used as main
predictors of the outcomes. To determine the effect of a confounder(s), all the
variables with significant association to the dependent variable under study were
included in the multiple logistic regression analysis. Independent variables which
showed significant association using the outcomes of multiple regression were
considered as true predictors for the variable under study. P-value < 0.05 was taken
as a measure of significance.

3.10

Ethical considerations

Before the actual data collection commenced the study was ethically cleared by the
University of the Western Cape Ethics Committee and an ethical clearance letter
with reference number 13/9/5 was given. In addition, since the settings for the
study were MOUs found in community health centres located on the Cape Flats,
an application to access the study sites was made to the Western Cape Department
of Health. Permission was granted by the Western Cape Department of Health and
a letter of permission with reference number RP 006/2014 was provided to conduct
the study at the selected study sites. In addition, permission was granted by the
managers of the study sites after the letter of permission from the Western Cape
Department of Health was submitted and a brief explanation of the study was
given.
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Moreover, the collected data was kept confidential by limiting access only to data
collectors and investigators of the study. All the collected data will be destroyed
after two years, in accordance with the UWC documentation system.

3.11

Dissemination of results

The findings of the study were presented at the School of Pharmacy postgraduate
symposium in 2015 and 2016, and at a conference during the All Africa Congress
on Pharmacology and Pharmacy which was held from the 5th to the 8th of October,
2016 in Johannesburg, South Africa. Furthermore, the findings of the study will be
published in national and international journals. In addition, a summary of the
findings will be submitted to the study sites in order to give them an update on the
project.

3.12

Operational definitions of terms

Adverse pregnancy outcomes. This refers to an unwanted type of pregnancy
outcome. The adverse pregnancy outcomes studied in the study were birth defect,
preterm delivery and low birth weight.

Birth defect. This refers to a structural birth defect that is visible and detectable in
a labour ward at birth.

Preterm delivery. This refers to the delivery of a baby in less 37 weeks of
gestational age.

Low birth weight. This refers to when the weight of the baby is less than 2500
grams at birth.
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CHAPTER FOUR

RESULTS

4.1 Description of adverse pregnancy outcomes

All of the infants born, from both HIV-positive and HIV-negative study
participants, were live births. Of the 2476 infants, seventeen (0.7%) of them were
born with structural birth defect. Among the birth defects, sixteen of them were
polydactyly, extra digit either in fingers or toes, and the remaining one was
submandibular cystic hygroma. The study discovered that the prevalence of
preterm delivery and low birth weight was 9.1% (223/2476) and 6.4% (156/2476),
respectively.

4.2 Socio-demographic characteristics

4.2.1

Age of study participants

The minimum and maximum age of the study participants was 15 and 45 years
with a range of 30 years, respectively. The mean age was 27.96±5.34 and the
median of participants’ ages was 28 years. The participants’ ages were categorized
into three groups, namely ≤25, 26 -35 and ≥ 36 years of age. Table 1 below presents
the relationships between participants’ age and the prevalence of adverse
pregnancy outcomes. The overall prevalence of adverse pregnancy outcomes was
found to be higher among participants with ≥ 36 years of age. The prevalence of
birth defect increases as the age of participants increases.
The prevalence of birth defect among mothers of ≥ 36 years of age was 0.9%, and
among participants with age group 26 -35 and ≤25 years of age was 0.8% and 0.4%,
respectively. However, no significant association was found between participants’
age category and the occurrence of birth defect, 2 (df=2, N=2456) = 1.948, p=
0.378. Similarly, a higher prevalence of preterm delivery was observed among
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participants with age ≥36 years of age compared to younger participants. The
prevalence of preterm delivery among participants’ ≥36, 26-35 and ≤25 years of
age was 9.6%, 9.3% and 8.5%, respectively. However, no significant association
was found between participants’ age category and the prevalence of preterm
delivery, 2 (df=2, N =2457) = 0.510, p= 0.775. Moreover, the prevalence of low
birth weight among participants with age ≤25, 26-35 and ≥ 36 years was 8.3%,
5.7% and 6.7%, respectively. However, no significant difference between
participants’ age category and the prevalence of low birth weight was found, 2
(df=2, N =2455) = 2.774, p= 0.250.
Table 1. Relationship between age of study participants and types of adverse
pregnancy outcomes.
Age

Birth defect N (%)

Gestational age N (%)

Birth weight N (%)

(years)

Yes

No

Term

Preterm

<2500g

≥2500g

≤25

3

820

70

753

57

764

(0.4)

(99.6)

(8.5)

(91.5)

(6.9)

(93.1)

12

1404

132

1284

81

1336

(0.8)

(99.2)

(9.3)

(90.7)

(5.7)

(94.3)

2

215

21

197

18

200

(0.9)

(99.1)

(9.6)

(90.4)

(8.3)

(91.7)

26-35
≥36

4.2.2

2 (df=2, N=2456)

2(df=2, N =2457) =

2 (df=2, N =2455)

= 1.948, p= 0.378

0.510, p= 0.775

= 2.774, p= 0.250

Employment status of study participants

Among the 2476 study participants, 2190 (88.4%) of them had known employment
status during pregnancy. Among these, 1588 (64.1%) of them were employed and
602 (24.3%) were unemployed. As shown in Table 2, the prevalence of birth defect
among employed and unemployed participants was 0.8% and 0.7%, respectively.
More than 68% of the birth defects among participants with known employment
status were experienced by unemployed participants. However, no significant
difference between participants’ employment status and birth defect was found, 2
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(df=1, N =2175) = 0.117, p= 0.732. Regarding preterm delivery, the prevalence
was 6.8% and 9.2% of employed and unemployed study participants, respectively.
More than three-quarters, 78% of the preterm deliveries, were experienced by
unemployed participants. However, the difference between participants’
employment status and the risk of preterm delivery was not significant, 2 (df=1,
N =2176) = 3.067, p= 0.080. Similarly, the prevalence of low birth weight among
employed and unemployed participants was 5.2% and 7.0%. More than threequarters, 78.8%, of the babies were born of unemployed participants. However, no
significant difference between participants’ employment status and the prevalence
of low birth weight was found, 2 (df=1, N = 2171) = 2.445, p= 0.118.
Table 2. The relationship between participants’ employment status and the
types of adverse pregnancy outcomes.
Adverse pregnancy outcomes
Employme
nt status
Employed

Birth defect N (%) Gestational age N (%) Birth weight N (%)
Yes
5 0.8)

No

Preterm

592 (99.2) 41 (6.8)

Term

<2500g ≥2500g

558 (93.2) 31 (5.2)

567(94.8)

Unemployed 11(0.7) 1567 (99.3) 145 (9.2) 1432 (90.8) 111 (7.0) 1466 (93.0)

4.2.3

2 (df=1, N =2175)

2 (df=1, N =2176) =

2 (df=1, N = 2175)

= 0.117, p= 0.732

3.067, p= 0.080

= 2.445, p= 0.118

Race of participants

Almost all, 2389 (96.5%) of the study participants were black in race, followed by
58 (2.3%) Coloured and, in 29 (1.2%) of them, race was not specified. As shown
in Table 3 below, the prevalence of birth defect was 0.6% and 1.7% among black
and Coloured study participants. More than 90% of the birth defects were
experienced by black participants. However, no significant difference between
participants’ race and birth defect was found, 2 (df=1, N =2430) = 1.032, p=
0.310. Regarding preterm delivery, the prevalence among black and Coloured
participants was 9.1% and 12.1%, respectively. More than 95% of the preterm
deliveries were experienced among the black study participants. However, the
difference between participants’ race and the prevalence of preterm delivery was
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not significant, 2 (df=1, N =2431) = 0.618, p= 0.432. Moreover, the prevalence
of low birth weight was 6.2% and 12.1% of black and Coloured participants,
respectively. The difference between participants’ race and the prevalence of low
birth weight was found significant, 2 (df=1, N = 2430) = 3.222, p= 0.073.
Table 3. Relationship between race of study participants and types of
adverse pregnancy outcomes.
Adverse pregnancy outcomes
Birth defect N (%) Gestational age N (%)
Race

Black

Coloured

4.2.4

Birth weight N (%)

Yes

No

Preterm

Term

< 2500g

≥ 2500g

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

15

2357

215

2158

148

2224

(0.6)

(99.4)

(9.1)

(90.9)

(6.2)

(93.6)

1

57

7

51

7

51

(1.7)

(98.3)

(12.1)

(87.9)

(12.1)

(87.9)

2 (df=1, N =2430)

2 (df=1, N =2431) =

2 (df=1, N = 2430) =

= 1.032, p= 0.310

0.618, p= 0.432

3.222, p= 0.073

Marital status of study participants

Among the study participants, 622 (25.1%) of them were married and 1792
(72.4%) were single. As shown in Table 4, the prevalence of birth defect among
married and single participants was 1.0% and 0.6%, respectively. However, no
significant difference between participants’ marital status and birth defect was
found, 2 (df=1, N =2397) = 1.165, p= 0.280.

Regarding preterm delivery, the prevalence was 6.2% and 9.8% among married
and single participants, respectively. Over 80% of the preterm deliveries occurred
among singles. The difference between participants’ marital status and preterm
delivery was found significant, 2 (df=1, N =2398) = 7.614, p= 0.006. Similarly,
the prevalence of low birth weight (3.4%) and (7.3%) among married and single
participants, respectively. More than 85% of the babies born with low birth weight
were from singles, and the difference between participants’ marital status and low
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birth was found significant 2 (df=1, N = 2397) = 11.679, p= 0.001. The risk of
giving birth to a low birth baby among singles was found two times greater than
married participants.
Table 4. Relationship between participants’ marital status and types of
adverse pregnancy outcomes.
Adverse pregnancy outcomes
Marital Birth defects N (%) Gestational age N (%)
status
Single
Married

4.2.5

Yes

No

Preterm

Term

Birth weight N (%)
<2500g

≥2500g

10 (0.6) 1770 (99.4) 175 (9.8) 1606 (90.2) 129 (7.3) 1649 (92.7)
6 (1.0)

611(99.0) 38 (6.2)

579 (93.8)

21 (3.4)

598 (96.6)

2 (df=1, N=2397)

2 (df=1, N =2398) =

2 (df=1, N = 2397) =

=1.165, p= 0.280

7.614, p= 0.006

11.679, p= 0.001

BMI of the study participants

Body mass index (BMI) of the study participants was calculated and grouped into
four categories. The BMI categories were <18.5 for underweight, 18.5-24.99 for
normal weight, 25-29.99 for overweight and >30 kg/m2 for obese weight. About
one-fourth, 658 (26.6%), of the participants had a BMI of normal weight, while
862 (34.8%) and 826 (33.4%) of them were overweight and obese, respectively.
The remaining 26 (1.1%) of the participants were in the underweight BMI
category. As shown in Table 5, the prevalence of birth defect among underweight,
normal weight, overweight and obese participants was 3.8%, 0.9%, 0.4% and
0.7%, respectively. However, no significant difference between participants’ BMI
and birth defect was found, 2 (df=3, N =2355) = 5.799, p= 0.122.

Regarding preterm delivery, the prevalence was 7.7%, 8.8%, 9.6% and 8.3%
among underweight, normal weight, overweight, and obese participants,
respectively. No significant difference between participants’ BMI and the
prevalence of preterm delivery was found, 2 (df=2, N =2356) = 0.940, p= 0.816.
On the other hand, a significant difference between participants’ BMI and the
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prevalence of low birth weight was found, 2 (df=3, N = 2355) = 10.411, p= 0.015.
The prevalence of low birth weight among underweight, normal weight,
overweight and obese participants was 15.4%, 7.4%, 6.8% and 4.4%, respectively.
In order to differentiate where the difference occurred, a chi-square test was
conducted to test the relationships between each BMI category and the risk of low
birth weight.

The chi-square and p-values presented below indicate the relationships between
each BMI and low birth weight. The chi-square and p-values were (3.8, 0.05),
(2.04, 0.15), (0.79, 0.37) and (7.13, 0.01) respectively, for underweight, normal
weight, overweight and obese participants. Hence, underweight participants
experienced a significantly higher prevalence of low birth weight. However, the
prevalence of low birth weight among obese participants was found significantly
lower.
Table 5. The relationships between participants’ BMI and the type of
adverse pregnancy outcomes.
Adverse pregnancy outcomes
BMI

Birth defect N (%)

Gestational age N (%)

Birth weight N (%)

Category

Yes

No

Preterm

Term

<2500g

≥2500g

<18.5

1

25

2

24

4

22

(3.8)

(96.2)

(7.7)

(92.3)

(15.4)

(84.6)

18.5-

6

650

58

598

48

605

24.99

(0.9)

(99.1)

(8.8)

(91.2)

(7.4)

(92.6)

25-29.99

3

851

82

772

68

797

(0.4)

(99.4)

(9.6)

(90.4)

(6.8)

(93.2)

6

813

68

752

36

785

(0.7)

(99.3)

(8.3)

(91.7)

(4.4)

(95.6)

>30

2 (df=3, N =2355)

2 (df=2, N =2356) =

2 (df=3, N = 2355)

= 5.799, p= 0.122

0.940, p= 0.816

= 10.411, p= 0.015
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4.3 Antenatal care history

4.3.1

Number of antenatal care visits

A total of 2469 (99.7%) of the study participants had attended antenatal care (ANC)
during the pregnancies under study. The frequency of ANC visits ranges from 1 to
20 times. ANC visits begin at a minimum of the first week to a maximum of the
40th week, across all study centres.

In order to investigate the effect of the number of ANC visits during pregnancy on
adverse pregnancy outcomes, participants’ number of ANC visits were divided into
two categories. The categorization was made according to the WHO
recommendation. The categories were ANC visit fewer or equal to four times and
greater than four times during pregnancy.

As shown in Table 6 below, the prevalence of birth defect among participants with
ANC visit ≤4 and >4 times was 0.8% and 0.5%, respectively. However, the
difference between participants’ ANC visits and the risk of birth defect was not
significant, 2 (df=1, N =2302) = 1.019, p= 0.313.
But the prevalence of preterm delivery among participants who attended ANC ≤4
times was 16.8% compared to participants who attended ANC >4 times, 4.6%. The
risk of delivering a preterm baby was found 4.2 times greater among participants
who attended ANC ≤4 times, compared to participants who attended ANC >4 times
(OR= 4.2, 95 CI: 3.08-5.65). The difference was found significant, 2 (df=1, N
=2303) = 96.199, p= 0.000.

Similarly, the prevalence of low birth weight among participants who attended
ANC ≤4 times and >4 times was 8.1% and 5.3%, respectively. The risk of
delivering a low birth weight baby was found 1.6 times higher among participants
who attended ANC ≤4 times compared to participants who attended ANC >4 times
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(OR= 1.58, 95 CI: 1.13-2.21). The difference was found significant, 2 (df=1, N
=2302) = 7.214, p= 0.007.
Table 6. Relationships between number of ANC visits during pregnancy and
adverse pregnancy outcomes.
Adverse pregnancy outcomes
Birth defect

Gestational age

Birth weight

N (%)

N (%)

N (%)

ANC visits
≤4

>4

Yes

No

Preterm

Term

<2500g

≥2500g

7

845

143

708

69

780

(0.8)

(99.2)

(16.8)

(83.2)

(8.1)

(91.9)

7

1443

67

1385

77

1376

(0.5)

(99.5)

(4.6)

(95.4)

(5.3)

(94.7)

2 (df=1, N =2302) 2 (df=1, N =2303) = 2 (df=1, N =2302) =
= 1.019, p= 0.313

4.3.2

96.199, p= 0.000

7.214, p= 0.007

Neonatal and obstetric history

4.3.2.1 Number of previous deliveries and adverse pregnancy outcomes

Among the study participants, 929 (37.5%), 707 (28.6) and 277 (11.2%) of them
had previously delivered once, twice or three times, respectively. However, 524
(21.2%) of them were pregnant for the first time and the remaining 39 (1.6%) had
more than three previous deliveries.

As indicated in Table 7 below, the prevalence of birth defect among participants
with four times previous deliveries was 3.1% and this was followed by participants
with one, two, three and zero times previous deliveries, 0.9%, 0.7%, 0.4% and
0.4%, respectively. However, no significant difference between the number of
previous deliveries and the prevalence of birth defect was found, 2 (df=5, N
=2454) = 4.344, p= 0.501.
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Regarding preterm delivery, the prevalence was 18.8% among participants with
four times previous deliveries, and this was followed by participants with three,
two, one and zero times previous deliveries, 12%, 9.1%, 8.8% and 7.5%,
respectively. However, no significant association was found between the number
of previous deliveries and the prevalence of preterm delivery in the current
pregnancy, 2 (df=5, N =2455) = 8.36, p= 0.137.

Concerning low birth weight, the prevalence was 7.7% among participants who
became pregnant for the first time or with zero previous delivery. This was
followed by participants with one, three, two and four times of previous deliveries,
6.6%, 6.5%, 5.0% and 3.15%, respectively. Yet, no significant difference was
found between the number of previous deliveries and the prevalence of low birth
weight in the current pregnancy, 2 (df=5, N =2454) = 4.65, p= 0.461.

Table 7. Relationship between number of previous deliveries and adverse
pregnancy outcomes of the current delivery.
Adverse pregnancy outcomes
No. of

Birth defect

Gestational age

Birth Weight

previous

N (%)

N (%)

N (%)

deliveries

Yes

No

Preterm

Term

<2500g

≥2500g

0

2 (0.4) 521 (99.6)

39 (7.5)

482 (92.5)

40 (7.7)

481 (92.3)

1

8 (0.9)

913 (99.1)

81 (8.8)

841 (91.2)

61 (6.6)

859 (93.4)

2

5 (0.7) 697 (99.3)

64 (9.1)

639 (90.9)

35 (5.0)

669 (95)

3

1 (0.4) 273 (99.6)

33 (12)

242 (88)

18 (6.5)

257 (93.5)

4

1 (3.1)

31 (96.9)

6 (18.8)

26 (81.3)

1 (3.1)

31 (96.9)

5

0 (0)

2 (100)

0 (0)

2 (100)

0 (0)

2 (100)

Total

17 (0.7) 2437 (99.3) 223 (9.1) 2232 (90.9)

155 (6.3) 2299 (93.7)

2 (df=5, N =2454)

2 (df=5, N =2455) =

2 (df=5, N =2454) =

= 4.344, p= 0.501

8.36, p= 0.137

4.65, p= 0.461
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4.4 Use of folic acid and iron supplements during pregnancy

The information written in the patient folders indicated that both folic acid and iron
were given together as supplements during pregnancy. A total of 320 (12.9%), 441
(17.8%) and 1523 (61.5%) of participants initiated were taking supplements during
1st, 2nd, and 3rd trimester of pregnancy, respectively.

As presented below in Table 9, the prevalence of birth defect among participants
who started taking supplements during 1st, 2nd and 3rd trimester of pregnancy was
0.6%, 0.9% & 0.2%, respectively. However, no significant association was found
between the time of initiation of taking supplements during pregnancy and the
prevalence of birth defect, 2 (df=2, N =2270) = 2.3, p= 0.316.

Regarding preterm delivery, the prevalence was 8.2%, 8.0%, and 12.6% among
participants who started taking supplements during 1st, 2nd and 3rd trimester of
pregnancy. A significant difference was found between the time of initiation of
initiating supplement use and the prevalence of preterm delivery, 2 (df=2, N
=2271) = 9, p= 0.011. To differentiate where the difference existed, a post-hoc
analysis was conducted. The analysis indicated that initiating supplementation
during 3rd trimester of pregnancy was found significantly associated with the
prevalence of preterm delivery (2= 9.00, P=0.003).

The prevalence of low birth weight was 6.0%, 6.1%, and 6.6% among participants
who initiated taking supplements during 1st, 2nd, and 3rd trimester of pregnancy,
respectively. No significant difference between the time of initiation of
supplements and the prevalence of low birth weight was found, 2 (df=2, N =2270)
= 0.212, p= 0.899.
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Table 8. Relationships between the time of initiation of supplement use
during pregnancy and adverse pregnancy outcomes.
Adverse pregnancy outcomes
Supplement

Birth defect

Gestational age

Birth Weight

use

N (%)

N (%)

N (%)

Yes

No

Preterm

Term

<2500g

≥2500g

1st

2

315

26

292

19

300

trimester

(0.6)

(99.4)

(8.2)

(91.8)

(6.0)

(94)

2nd

14

1499

121

1394

91

1422

trimester

(0.9)

(99.1)

(8.0)

(92)

(6.1)

(93.9)

3rd

1

439

55

383

29

408

trimester

(0.2)

(99.8)

(12.6)

(87.4)

(6.6)

(93.4)

2 (df=2, N =2270) 2 (df=2, N =2271) = 9, 2 (df=2, N =2270)
= 2.3, p= 0.316

p= 0.011

= 0.212, p= 0.899

4.5 Alcohol consumption during pregnancy

Only 421 (17%) of the study participants were alcohol consumers and 1993
(80.5%) of them were alcohol non-consumers during pregnancy. As shown in
Table 9, the prevalence of birth defect among alcohol consumers and nonconsumers during pregnancy was 0.2% and 0.8%, respectively. No significant
difference was found between alcohol consumers and non-consumers during
pregnancy in the prevalence of birth defect, 2 (df=1, N =2399) = 1.390, p= 0.238.

Regarding preterm delivery, the prevalence was 11.0% and 8.8% among alcohol
consumers and non-consumers during pregnancy, respectively. However, no
significant difference was found between alcohol consumers and non-consumers
during pregnancy in the prevalence of preterm delivery, 2 (df=1, N =2400) = 2.1,
p= 0.147. Concerning low birth weight, the prevalence among alcohol consumers
was 10.0% and among alcohol non-consumers was 5.6%. The difference was found
significant, 2 (df=1, N=2399) = 11.42, p=0.001.
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Table 9. Relationship between alcohol use during pregnancy and adverse
pregnancy outcomes.
Adverse pregnancy outcomes
Alcohol

Birth defect N

Gestational age N

Use during

(%)

(%)

Birth Weight N
(%)

pregnancy

Yes

No

Preterm

Term

<2500g

≥2500g

Consumers

1

416

46

371

42

376

(0.2)

(99.8)

(11)

(89)

(10)

(90)

Non-

15

1967

174

1809

111

1870

consumers

(0.8)

(99.2)

(8.8)

(91.2)

(5.6)

(94.4)

2 (df=1, N =2399)

2 (df=1, N =2400)

2 (df=1, N=2399)

= 1.390, p= 0.238

= 2.1, p= 0.147

= 11.42, p=0.001

4.6 Cigarette smoking during pregnancy

Only 143 (5.8%) of the study participants were tobacco users during pregnancy
and 2273 (91.8%), of them were non-users. As indicated in Table 10 below, the
prevalence of birth defect was 0.0% and 0.7% among cigarette smokers and nonsmokers during pregnancy. However, no significant difference between cigarette
smoking and the prevalence of birth defect was found, 2 (df=1, N =2401) = 1.02,
p= 0.312.

Similarly, the prevalence of preterm delivery among cigarette smokers and nonsmokers during pregnancy was 8.5% and 9.2%, respectively. However, the
difference was not significant, 2 (df=1, N =2402) = 0.091, p= 0.763.

Regarding low birth weight, the prevalence was 10.6% and 6.2% among cigarette
smokers and non-smokers during pregnancy, respectively. The difference was
found significant, 2 (df=1, N =2401) = 4.329, p= 0.037.
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Table 10. Relationship between tobacco use during pregnancy and adverse
pregnancy outcomes.
Adverse pregnancy outcomes
Tobacco

Birth defect

Gestational age

Birth Weight

use during

N (%)

N (%)

N (%)

pregnancy

Yes

No

Preterm

Term

<2500g

≥2500g

Users

0

143

12

130

15

127

(0)

(100)

(8.5)

(91.5)

(10.6)

(89.4)

16

2242

208

2052

139

2120

(0.7)

(99.3)

(9.2)

(90.8)

(6.2)

(93.8)

Non-users

2 (df=1, N =2401)

2 (df=1, N =2402) =

2 (df=1, N =2401) =

= 1.02, p= 0.312,

0.091, p= 0.763

4.329, p= 0.037

4.7 HIV-status

A total of 2012 (81.3%) of the study participants were HIV-positive and 464
(18.7%) of them were HIV-negative. As presented in Table 11, the prevalence of
birth defect among HIV-positive and HIV-negative participants was 0.8% and
0.2%, respectively. However, the difference between participants’ HIV-status and
birth defect was not significant, 2 (df=1, N =2458) = 1.870, p= 0.171.

The prevalence of preterm delivery was found 9.4% and 7.8% for HIV-positive
and HIV-negative participants, respectively. Yet, no significant difference between
participants’ HIV-status and the prevalence of preterm delivery was found, 2
(df=1, N=2459) = 1.124, p= 0.289.

Regarding low birth weight, the prevalence was 6.8% and 4.3% among HIVpositives and HIV-negatives, respectively. The difference between the
participants’ HIV-status and the prevalence of low birth was found significant, 2
(df=1, N =2458) = 3.897, p= 0.048.
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Table 11. Effect of participants’ HIV status on adverse pregnancy outcomes
Adverse pregnancy outcomes
HIV-

Birth Defect N (%) Gestational age N (%) Birth Weight N (%)

status

Yes

No

Preterm

Term

<2500g

≥2500g

Positive

16

1980

187

1810

136

1860

(0.8)

(99.2)

(9.4)

(90.6)

(6.8)

(93.2)

1

461

36

426

20

442

(0.2)

(99.8)

(7.8)

(92.2)

(4.3)

(95.7)

Negative

2 (df=1, N =2458) 2 (df=1, N=2459) =
= 1.870, p= 0.171

1.124, p= 0.289

2 (df=1, N =2458)
= 3.897, p= 0.048

4.8 WHO HIV-stage

Of the total 2012 HIV-positive study participants, only 834 (33.7%) of them had
known WHO HIV-stage recorded. Among these, 625 (74.9%) had WHO HIVstage I, followed by WHO HIV-stage II, III and IV, 99 (11.9%), 89 (10.7%) and
21 (2.5%), respectively. As presented in Table 12, of the 17 birth defects, only 5
(29.4%) of them were experienced by participants with known WHO HIV-stage.
All the birth defects were experienced by participants with WHO clinical HIVstage-1. No significant difference between participants’ WHO clinical HIV-stages
and birth defect was found, 2 (df=3, N =825) = 1.674, p= 0.643.

Regarding preterm delivery, the prevalence was 8.4%, 6.1%, 9.1% and 0.0% for
participants with WHO stage-I, II, II, and IV, respectively. However, the difference
between participants’ WHO clinical HIV-stages and the prevalence of preterm
delivery was not significant, 2 (df=3, N =826) = 2.576, p= 0.462.

Similarly, the prevalence of low birth weight among participants with WHO
clinical HIV-stage I, II, III and IV was 6.1%, 3.1%, 9.0%, and 4.8%, respectively.
However, no significant difference between participants’ WHO clinical HIVstages and the prevalence of low birth weight was found, 2 (df=3, N =826) =
2.963, p= 0.397.
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Table 12. Relationship between WHO clinical HIV- stages and type of
adverse pregnancy outcomes.
Adverse pregnancy outcomes
WHO

Birth defect N (%)

Gestational age N (%) Birth Weight N (%)

stage

Yes

No

Preterm

Term

Stage I

5 (0.8)

614 (99.2)

52 (8.4)

567 (91.6)

38 (6.1) 580 (93.9)

Stage II

0 (0)

97 (100)

6 (6.1)

92 (93.9)

3 (3.1)

95 (96.9)

Stage III

0 (0)

88 (100)

8 (9.1)

80 (90.9)

8 (9.0)

81 (91)

Stage IV

0 (0)

21 (100)

0 (0)

21 (100)

1 (4.8)

20 (95.2)

Total

5 (0.6)

820 (99.4)

66 (7.9)

760 (92)

50 (6.1) 776 (93.9)

2 (df=3, N =825) =

2 (df=3, N =826) =

2 (df=3, N =826)

1.674, p= 0.643

2.576, p= 0.462

= 2.963, p= 0.397

<2500g

≥2500g

4.9 CD4 count

A total of 1766 (87.8%) of the study participants had known CD4 count during
pregnancy. The minimum and maximum value for CD4 count was 18 and 1135,
with a range of 1117. The mean value for CD4 count was 393.93 ± 206.63. The
median and mode value for CD4 count was 351.0 and 174, respectively. In order
to investigate the effect of CD4 count on the prevalence of adverse pregnancy
outcomes, participants with known CD4 count were grouped into four categories.

As presented in Table 13, among the participants with known CD4 count, 306
(15.2%), 572 (28.2%), 407 (20.2%) and 481 (23.9%) of them had CD4 count <200,
201-350, 351-500 and > 500 cells/ml, respectively. The prevalence of birth defect
among participants with CD4 ≤ 200, 201-350, 351-500 and >500 cells/ml was
1.0%, 1.1%, 0.7% and 0.4%, respectively. However, no significant difference
between participants’ CD4 count and the prevalence of birth defect was found, 2
(df=3, N =1755) = 1.483, p= 0.686.
Regarding preterm delivery, the prevalence among participants with CD4 ≤ 200,
201-350, 351-500 and >500 cells/ml was 8.9%, 10.2%, 7.4% and 7.1%,
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respectively. The difference between participants’ CD4 count and the prevalence
of preterm delivery was not found significant, 2 (df=3, N =1752) = 3.994, p=
0.262.

Similarly, the prevalence of low birth weight was 7.0%, 6.7%, 7.9% and 6.5% for
participants with CD4 count ≤ 200, 201-350, 351-500, and >500 cells/ml,
respectively. Yet, no significant difference between participants’ CD4 count and
the prevalence of low birth weight was found, 2 (df=3, N =1751) = 0.801, p=
0.849.
Table 13. Relationship between CD4 count and types of adverse pregnancy
outcomes.
Adverse pregnancy outcomes
CD4

Birth defect N (%) Gestational age N (%)

Birth Weight N (%)

count

Yes

No

Preterm

Term

<2500g

≥2500g

≤ 200

3 (1)

300 (99)

27 (8.9)

275 (91.1)

21 (7.0)

280 (93)

201-350

6 (1.1)

565 98.9)

58 (10.2)

510 (89.8)

38 (6.7)

531(93.3)

351-500

3 (0.7)

401 (99.3)

30 (7.4)

374 (92.6)

32 (7.9)

372 92.1)

34 (7.1)

444 (92.9)

31 (6.5)

446 93.5)

14 (0.8%) 1741 (99.2) 149 (8.5)

1603 91.5)

122 (7.0)

1629 (93)

>500
Total

4.10

2 (0.4) 475 (99.6)

2 (df=3, N =1755)

2 (df=3, N =1752) =

2 (df=3, N =1751)

= 1.483, p= 0.686

3.994, p= 0.262

= 0.801, p= 0.849

Viral load

Only 561 (27.9%) of the study participants had known or documented viral load
during pregnancy. The minimum and maximum value for viral load was 19 and
591556, with a range of 591537. The mean value for viral load was 7335.1 ±
41399.845. The median value for viral load was 39. In order to investigate the
effect of viral load on the prevalence of adverse pregnancy outcomes, participants
with known viral load were grouped into two categories. Among the participants
with known viral load, 495 (20.0%) of them had a viral load of ≤1000 copies and
66 (2.7%) of them had >1000 copies of HIV virus in their blood. Only, 5.9% (1/17),
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28.8% (45/223), 23.7% (37/156) of the total birth defect, preterm delivery and low
birth weight, respectively, was experienced by participants with known viral load.
Considering only participants with known viral load, as shown in Table 14 below,
the prevalence of birth defect was 0.2% among participants with a viral load of ≤
1000 copies and 0% among participants with a viral load of > 1000 copies.
However, no significant difference between participants’ viral load and the
prevalence of birth defect was found, 2 (df=1, N =559) = 0.134, p= 0.935.

On the other hand, the prevalence of preterm delivery was 7.3% and 13.6% among
participants with a viral load of ≤ 1000 and > 1000 copies, respectively. However,
the difference between participants’ viral load and the prevalence of preterm
delivery was not significant, 2 (df=1, N =560) = 3.176, p= 0.075. In addition, the
prevalence of low birth weight among participants with a viral load of ≤1000 and
> 1000 was 6.9% and 4.5%, respectively. No significant difference between
participants’ viral load and the prevalence of low birth weight was found, 2 (df=1,
N=559) =0.521, p= 0.471.
Table 14. The relationships between viral load and the types of adverse
pregnancy outcomes.
Adverse pregnancy outcomes
Viral

Birth defect

Gestational age

Birth Weight

load

N (%)

N (%)

N (%)

≤ 1000

>1000

Total

Yes

No

Preterm

Term

<2500g

≥2500g

1

492

36

458

34

459

(0.2)

(99.8)

(7.3)

(92.7)

(6.9)

(93.1)

0

66

9

57

3

531

(0)

(100)

(13.6)

(86.4)

(4.5)

(95.5)

1

558

45

515

37

522

(0.2)

(99.8)

(8.0)

(92.0)

(6.6)

(93.4)

2 (df=1, N =559) =

2 (df=1, N =560) =

2(df=1,N=559)=0.521

0.134, p= 0.935

3.176, p= 0.075

, p= 0.471
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4.11

Type of exposure (Efavirenz/Nevirapine/HIV-negative)

Among the study participants, 2012 (81.3%) of them were HIV-positive and 464
(18.7%) of them were HIV-negative. Considering only HIV-positive study
participants, 1653 (82.3%) of them were exposed to efavirenz (EFV)-containing
antiretroviral therapy (ART) and 356 (17.7%) of them were exposed to nevirapine
(NVP)-containing ART during pregnancy. As shown in table 15, the prevalence of
birth defect was 0.9%, 0.3% and 0.2% among participants exposed to EFVcontaining ART, NVP-containing ART (0.3%) and HIV-negative participants,
respectively. However, no significant difference between participants’ exposure
and risk of birth defect was found, 2 (df=2, N =2455) = 3.548, p= 0.170.

Concerning preterm delivery, the prevalence was 9.1%, 10.5% and 7.8% among
participants exposed to EFV-containing ART, NVP-containing ART and HIVnegative participants, respectively. No significant difference between participants’
exposure and the risk of preterm delivery was found, 2 (df=2, N =2456) = 1.841,
p= 0.398. On the other hand, a significant difference between participants’ type
of exposure and the risk of low birth weight was found, 2 (df=2, N =2455) =
11.016, p= 0.004. The prevalence of low birth weight was 6.2%, 10.0% and 4.3%
among participants exposed to EFV-containing ART, NVP-containing ART, and
HIV-negative, respectively.

To differentiate where the difference existed, a chi-square post-hoc analysis was
done. The chi-square and p-value for each type of exposure was (2=0.35,
p=0.5572), (2=9.00, p=0.0027), and (2=3.92, p=0.0476), respectively. The
adjusted p-value for the post-hoc analysis was 0.05/6= 0.008. Therefore, the above
result showed that only exposure to NVP-containing ART was found significantly
associated with the prevalence of low birth weight. This indicated that the
prevalence of low birth weight among NVP-exposed participants was significantly
higher than EFV-exposed and HIV-negative participants. However, the adjusted pvalue for HIV-negative participants indicated the absence of a significant
association with low birth weight, 2=3.92, p=0.0476.
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Table 15. Relationship between the type of exposure and adverse pregnancy
outcomes.
Adverse pregnancy outcomes
Type of

Birth defect N (%)

Gestational age N (%)

Birth Weight N (%)

exposure

Yes

No

Preterm

Term

<2500g

≥2500g

EFV-

15

1626

150

1493

101

1541

exposed

(0.9)

(99.1)

(9.1)

(90.9)

(6.2)

(93.8)

NVP-

1

351

37

314

35

316

exposed

(0.3)

(99.7)

(10.5)

(89.5)

(10.0)

(90)

HIV-

1

461

36

426

20

442

negative

(0.2%)

(99.8)

(7.8)

(92.2)

(4.3)

(95.7)

4.12

2 (df=2, N =2455)

2 (df=2, N =2456) =

2 (df=2, N =2455)

= 3.548, p= 0.170

1.841, p= 0.398

= 11.016, p= 0.004

The effect of time of initiation of antiretroviral therapy on adverse

pregnancy outcomes

The study participants were classified according to the time when they started
taking ART. This was either before conception of the pregnancy under study or
during the different trimester of pregnancy. Participants who started taking ART
during the first twelve weeks after conception were classified as participants who
started ART during their 1st trimester of pregnancy. Participants who started taking
ART between 12th and 27th weeks of gestation, and after 27th weeks of gestation
until birth, were categorized as participants who started ART in their 2nd and 3rd
trimester of pregnancy, respectively.

Of the total 2012 HIV-positive study participants, 630 (31.3), 62 (3.1%), 969
(48.2%), and 349 (17.3%) of them had started taking ART before conception,
during their first, second and third trimester of pregnancy, respectively. As shown
in table 16, the prevalence of birth defect was 0.6%, 0.0%, 1.0% and 0.6% among
participants who started taking ART before conception, during their 1st, 2nd and 3rd
of pregnancy, respectively. No significant difference between participants’ time of
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initiation of ART and the risk of birth defect was found, 2 (df=3, N =1996) =
1.59, p= 0.663.

Regarding preterm delivery, the prevalence was 9.6%, 8.8%, 9.6% and 8.6%
among participants who started taking ART from before pregnancy, during their
1st, 2nd and 3rd trimester of pregnancy, respectively. No significant difference
between participants’ time of initiation of ART and the prevalence of preterm
delivery was found, 2 (df=3, N =1997) = 0.354, p= 0.949. On the other hand, the
prevalence of low birth weight among participants who started ART before
conception, during 1st, 2nd and 3rd trimester of pregnancy was 7.5%, 7.0%, 6.9%
and 5.4%, respectively. The difference between participants’ time of initiation of
ART and the prevalence of low birth weight was found not significant, 2 (df=3,
N =1995) = 1.483, p= 0.686.

Table 16. The association between the effect of time of initiation of ART and
the prevalence of adverse pregnancy outcomes
Time of
Adverse pregnancy outcomes
initiation

Birth defect N (%) Gestational age N (%) Birth Weight N (%)

of ART

Yes

No

Preterm

Term

<2500g

≥2500g

Before

4

624

60

568

47

581

conception

(0.6)

(99.4)

(9.6)

(90.4)

(7.5)

(92.5)

1st

0

58

5

52

4

53

trimester

(0)

(100)

(8.8)

(91.2)

(7.0)

(93.0)

2nd

10

952

92

870

66

896

trimester

(1.0)

(99)

(9.6)

(90.4)

(6.9)

(93.1)

3rd

2

348

30

320

19

330

trimester

(0.6)

(99.4)

(8.6)

(91.4)

(5.4)

(94.6)

16

1980

187

1810

136

1859

(0.8)

(99.2)

(9.4)

(90.6)

(6.8)

(94.2)

Total

2 (df=3, N =1996)

2 (df=3, N =1997) =

2 (df=3, N =1995)

= 1.59, p= 0.663

0.354, p= 0.949

= 1.483, p= 0.686
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4.13

Controlling confounding factors

Low birth weight

Univariate and chi-square analysis for individual variables showed that
participants’ marital status, BMI, number of ANC visits, HIV-status, alcohol use
and type of exposure were found significantly associated with low birth weight
(p<0.05). Since both participants’ HIV status and participants exposed to EFV and
NVP represent the same HIV-positive participants, only type of exposure was used
for multiple regression analysis.
A multivariate analysis presented in Table 17 shows that participants’ marital
status, BMI, number of ANC visits, alcohol use during pregnancy and type of
exposure during pregnancy were found significantly associated with the risk of low
birth weight. These independent were the true predictors of low birth weight.
However, the association between participants’ BMI and the risk of low birth
weight was found not significant, (adjusted p>0.05).

As indicated in Table 17, the risk of low birth weight among single participants
was two times higher than married participants, adjusted odds (AO) (2.0, 95
CI:1.21-3.31, P<0.05). Furthermore, the risk of low birth weight among
participants with the number of ANC visits ≤4 times was found 1.5 times greater
than among participants’ number of ANC visits with >4 times, adjusted odds (1.51,
95% CI:1.05-2.16, p<0.05). In addition, the risk of low birth weight among alcohol
consumers during pregnancy was 1.83 times higher than non-consumers of alcohol
during pregnancy.

Furthermore, the risk of low birth weight between EFV-exposed participants and
NVP-exposed participants was found significant, p<0.05. Similarly, the risk of low
birth weight between NVP-exposed participants and HIV-negative was found
significant, adjusted odds (0.387, 95%: 0.211-0.711, p=0.002). However, no
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significant difference in the prevalence of low birth weight between EFV-exposed
and HIV-negative participants (as indicated in Table 17) was found, p>0.05.

Table 17. Univariate and Multiple logistic regression analysis of associated
factors with low birth weight (LBW).
Predictive
Factors

Birth weight

OR (95% CI)

<2500g

≥2500g

Unadjusted

N (%)

N (%)

Odds

Adj.
P-

Adjusted Odds

value

2.0[1.21-3.31]*

0.007

Marital status
Single
Married

129 (7.3) 1649 (92.7) 2.23[1.39-3.57]**
21 (3.4)

598 (96.6)

1.0

1.0
0.067

BMI
<18.5

4 (15.4)

22 (84.6) .252[.083-.770]*

.320[.088-1.164]

0.084

18.5-24.99

48 (7.4)

605 (92.6) .578[.370-.902]*

.571[.357-.913]*

0.019

25-29.99

68 (6.8)

797 (93.2) .630[.411-.966]*

.673[0.425-1.066] 0.091

>30

36 (4.4)

785 (95.6)

≤4

69 (8.1)

780 (91.9) 1.58[1.13-2.21]*

>4

77 (5.3) 1376 (94.7)

1.0

1.0

ANC visit

1.0

1.51[1.05-2.16]*

0.027

1.0

Alcohol use
Consumers

42 (10)

376 (90) 1.88[1.3-2.73]**

Non-

111

1870

consumers

(5.6)

(94.4)

1.0

1.83[1.21-2.77]*

0.004

1.0

0.006

Exposure
EFV-ART

101 (6.2) 1541 (93.8)

NVP-ART

35 (10.0)

HIV-negative 20 (4.3)

1.0

1.0

316 (90)

0.06[0.4-0.89]*

0.70[.42-1.17] *

0.010

442 (95.7)

1.45[.89-2.37]

1.43[0.89-2.37]

0.172

* P<0.05, ** P<0.001
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Preterm delivery
Univariate and chi-square analysis for individual variable showed that participants’
marital status, ANC number of visits, and time of initiation of supplement were
found significantly associated with preterm delivery (p<0.05).

A multivariate analysis presented in table 18 showed that the risk of preterm
delivery among single participants was two times greater than married participants,
adjusted odds (1.83, 95 CI:1.20-2.77, P<0.05). Similarly, the risk of preterm
delivery among participants ANC number of visit with ≤4 times was found 4.5
times greater than among participants ANC number of visit with >4 times, adjusted
odds (4.48, 95% CI:3.27-6.132.16, p<0.05). However, the association between
participants’ time of initiation of supplements use and the risk of preterm delivery
was found not significant, (adjusted p>0.05).

Table 18. Univariate and Multiple logistic regression analysis of associated
factors with preterm delivery (PTD).
Preterm delivery
OR (95% CI)
Adj.
Factors

<37 wks

≥37 wks

Unadjusted

N (%)

N (%)

Odds

Adjusted Odds

Pvalue

Marital status
Single

175 (9.8)

1606 (90.2) 1.66[1.15-2.39]* 1.83[1.20-2.77]*

Married

38 (6.2)

579 (93.8)

1.0

0.005

1.0
0.000

ANC visit
≤4

143 (16.8)

>4

67 (4.6)

708 (83.2) 4.18[3.08-5.66]* 4.48[3.27-6.13]**
1385 (95.4)

1.0

1.0
0.413

Supplement use
1st

26 (8.2)

292 (91.8)

2nd

121(8.0)

3rd

55(12.6)

1.0

1.0

1394 (92)

1.03[0.67-1.6]

1.38[0.86-2.23]

0.187

383 (87.4)

0.62[0.38-1.01]

1.27[0.74-2.20]

0.385

* P<0.05, ** P<0.001
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CHAPTER FIVE

DISCUSSION

The use of efavirenz (EFV) during the first trimester of pregnancy in South Africa
was contraindicated until March 2013. The use of EFV in pregnant women,
including in the first trimester of pregnancy, was implemented after the release of
a technical update on the use of EFV by WHO in 2012. However, the endorsement
of the use of EFV as one of the first-line antiretroviral drugs was not without
concern. The association between neural tube defect and EFV-exposure during the
first trimester of pregnancy was the main concern. Due to the inconclusive safety
profile on the use of EFV in the first trimester of pregnancy, WHO recommended
large-scale studies to be conducted among pregnant women with first trimester
EFV exposure (World Health Organization 2012, National Department of Health
2013).

The study was founded/ incepted following the endorsement of the use of EFV
among pregnant women, including in the first trimester of pregnancy in South
Africa. The aim of the study was to determine the association between the use of
EFV in the first trimester of pregnancy and the risk of structural birth defect (neural
tube defect), preterm delivery and low birth weight among pregnant women. In
addition, the study aimed to determine the effect of timing on initiation of
antiretroviral therapy on the prevalence of structural birth defect, preterm delivery
and low birth weight. In this study, the adverse pregnancy outcomes included were
structural birth defect, preterm delivery, and low birth weight.

Exposure

In this study, the overall prevalence of birth defect was 0.7% (17/2476). No neural
tube defect or central nervous system related birth defect was observed. Sixteen of
the birth defects were polydactyly, extra digit either in finger or toes – and the other
was submandibular cystic hygroma. The prevalence of birth defect among EFV-
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exposed participants was 0.9% (15/1641), followed by NVP-exposed and HIVnegative women with 0.3% (1/356) and 0.2% (1/464), respectively. The prevalence
of birth defect was found to be higher among women exposed to EFV-ART.
However, no significant difference between the type of exposure and the
prevalence of birth defect was found, 2 (df=2, N =2455) = 3.548, p= 0.170.
Comparing EFV-exposed and NVP-exposed participants, the risk of birth defect
was found three times greater among EFV-exposed than NVP-exposed. However,
no significant difference was found 2 (df=1, N =1993) = 1.444, p= 0.229.
Similarly, an updated systematic review and meta-analysis done by Ford et al. 2011
(n=1437) & Ford et al. 2014 (n=2026) reported the absence of a significant increase
in the risk of birth defect among EFV-exposed participants during the first trimester
of pregnancy. The type of birth defects reported in both reviews were
myelomeningocele , pachygyria, agenesis of corpus callosum, hydrocephaly,
cerebral cyst anophthalmia with severe oblique facial clefts, amniotic band on arm,
arthrogryposis multiplex congenita, oesophageal atresia with trachea, oesophageal
fistula, polysyndactyly, postaxial polydactyly, central lower incisor, undescended
testes, hip dislocation, hypertrophic pyloric stenosis, renal dilatation, angiomatosis,
dermoid cyst, acetabular dysplasia, inguinal hernia, bone dysplasia, bilateral
clubfoot and right arm angioma. In addition, studies from South Africa (n=633),
Cote d’Ivoire (n=344), Republic of Congo (n=188) and USA (n=2580) reported
the absence of a significant difference in the risk of birth defect between EFVexposed-participants during the first trimester of pregnancy and NVP-exposed.
The types of birth defects reported from the South African study by Ebrahim et al.
2010 (n=633) were oesophageal atresia with tracheo-oesophageal fistula (OATOF), Trisomy 18, AMC, postaxial polydactyly of fingers and preaxial
polydactyly with syndactyly of toes, postaxial polydactyly, and lower central
incisor tooth; from the USA study by Williams et a l.2015 (n=2580) were
musculoskeletal and cardiovascular congenital abnormalities; and from the
Republic of Congo by Bisio et al. 2015 and Cote d’Ivoire by Ekouevi et al. 2011
studies no external and visible congenital malformation was observed (Ebrahim et
al. 2010, Ekouevi et al. 2011, Bisio et al. 2015, Williams et al. 2015). However,
studies from the USA (n=2202) and France (n=13124) found a significantly higher
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risk of birth defect among EFV-exposed women in the first trimester of pregnancy.
The types of birth defect reported from the USA study by Brogly et al. 2010, were
musculoskeletal and cardiovascular congenital abnormalities; and from the French
study by Sibiude et al. 2014 were subependymal cyst, ventricular dilatation with
anomalies of the white substance, pachygyria, and partial agenesis of the corpus
callosum (Brogly et al. 2010, Sibiude et al. 2014).

On exposure to EFV-containing antiretroviral therapy, the rate of preterm delivery
and low birth weight was also investigated. The prevalence of preterm delivery
was 9.1%, 10.5% and 7.8% among EFV-exposed, NVP-exposed and HIV-negative
participants, respectively. The prevalence of preterm delivery among NVPexposed (10.5%) was found higher compared to the prevalence among EFVexposed (9.1%) and HIV-negative participants (7.8%). However, no significant
difference between participants’ type of exposure and the risk of preterm delivery
was found, 2 (df=2, N =2456) = 1.841, p= 0.398. Similarly, a study from Cote
d’Ivoire (n=344) reported the absence of a significant difference in the risk of
preterm delivery between EFV-exposed and NVP-exposed participants (9.5% vs.
12.7%; p=0.76) (Ekouevi et al. 2011). However, a study from the Republic of
Congo (n=188) found a significantly increased overall risk of adverse pregnancy
outcomes (preterm delivery and low birth weight) among EFV-exposed women
compared to NVP-exposed [17/35 (48.6%) and 43/153 (28.1%), p=0.019] (Bisio
et al. 2015). But, the sample size (n=188) of the study was very small and hence
the results might be biased and inconclusive.

Regarding low birth weight as indicated in Table 15 & 17 in Chapter 4, the
prevalence among EFV-exposed, NVP-exposed and HIV-negative participants
was 6.2%, 10%, and 4.3%, respectively. The difference between participants’ type
of exposure and the risk of low birth weight was found significant, 2 (df=2, N
=2455) = 11.016, p= 0.004. A significantly higher prevalence of low birth weight
was found among NVP-exposed compared to EFV-exposed [2 (df=1, N =1993)
= 6.639, p= 0.010; (AOR=0.70, 95% CI: 0.42-1.17, p=0.010], and HIV-negative
mothers 2 (df=1, N =813) = 10.068, p= 0.002, respectively. However, no
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significant difference between EFV-exposed and HIV-negative was found 2
(df=1, N =2104) = 2.208, p= 0.137. Hence, EFV-ART shows a protective effect
on the risk of low birth weight. Similarly, even though the sample size was small,
a study from the republic of Congo (n=188) reported that an overall adverse
pregnancy outcome among EFV-exposed was significantly higher than NVPexposed [17/35 (48.6%) and 43/153 (28.1%), p=0.019] (Bisio et al. 2015).
However, a study from Côte d’Ivoire (n=344) reported the absence of any
significant difference in the risk of low birth weight between EFV-exposed and
NVP-exposed (17.2% vs. 24.2%; p=0.20) (Ekouevi et al. 2011).

Time of initiation of ART

Considering the study participants’ time of initiation of antiretroviral therapy
(ART), either before pregnancy or during the different trimester of pregnancy, the
relationships with adverse pregnancy outcomes were determined. As indicated in
section 4.12 and Table 16 in Chapter 4, none of the adverse pregnancy outcomes
were found significantly associated with the time of initiation of ART.

No significant difference in the risk of birth defect, preterm delivery and low birth
weight among participants who initiated ART either before conception or during
the 1st, 2nd, or 3rd trimester of pregnancy was found, 2 (df=3, N =1996) = 1.60,
p= 0.659, 2 (df=3, N =1997) = 0.945, p= 0.815 and 2 (df=3, N =1995) = 1.363,
p= 0.714, respectively. Similarly, studies from South Africa (n=245) and
Cameroon (n=617) reported the absence of a significant association between the
time of initiation of ART and the risk of adverse pregnancy outcomes. Both studies
found no significant difference in the risk of preterm delivery and low birth weight
between women who initiated ART before conception and after conception (Anigi
et al. 2013, Nlend et al. 2014). In addition, a US study (n=2580) reported the
absence of a significant difference in the risk of birth defect between women who
initiated ART during first trimester of pregnancy and after first trimester of
pregnancy (Williams et al. 2015). However, studies from Brazil (n= 696), Cote
d’Ivoire (n=326), Tanzania (n=3314) and a meta-analysis of 11 studies (n=19189)
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reported that initiating ART before conception not only significantly increased the
risk of preterm deliveries but also the risk of low birth weight (Ekouevi et al. 2008,
Machado et al. 2009, Li et al. 2015, Uthman et al. 2016).

HIV-status

Considering the HIV-status of the study participants, the prevalence of birth defect
among HIV-positive participants was found to be four times greater than with HIVnegative mothers 0.8% & 0.2%, respectively. However, the difference was not
significant 2 (df=1, N =2458) = 1.870, p= 0.171. Similarly, studies from Kigali,
Rwanda (n=765) and USA (n=2202) reported that HIV-positive was not found as
a significant factor for an increased risk of birth defect (Leroy et al. 1998, Brogly
et al. 2010).

Regarding HIV-status of the participants and risk of preterm delivery, the
prevalence of preterm delivery was 9.4% and 7.8% among HIV-positive and HIVnegative mothers, respectively. No significant association was made between HIVstatus of the participants and the risk of preterm delivery, 2 (df=1, N=2459) =
1.124, p= 0.289. However, studies from Rwanda (n=765) by Leroy et al. 1998,
from USA (n=2202) by Brogly et al. 2010, from Ethiopia (n=416) by Kebede et al.
2013, and from Latin America and the Caribbean (n=1512) by Kreitchmann et al.
2015 reported otherwise. A significantly higher prevalence of preterm delivery
among HIV-positive mothers was reported, compared to the prevalence among
HIV-negative mothers (Leroy et al. 1998, Brogly et al. 2010, Kebede et al. 2013,
Kreitchmann et al. 2015).

As indicated in section 4.7, Table 11 & 17 in Chapter 4, no significant association
between participants’ HIV-status and the prevalence of low birth weight was
found. The risk of low birth weight among HIV-positive participants was found
1.43 times greater than HIV-negative participants. Even though the prevalence of
low birth weight among HIV-positive participants (6.8%) was found significantly
higher than HIV-negative participants (4.3%) using a univeriate analysis and a chi-

93

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

square aanslysis, 2 (df=1, N =2458) = 3.897, p= 0.048. But no significant
association was found using multiple regression analysis, adjusted p>0.05.
However, studies from Latin America and the Caribbean (n=1512) by Kreitchmann
et al. 2015, Rwanda (n=765) by Leroy V et al, 1998, Ethiopia (n=416) by Kebede
et al. 2013, USA (n=2202) by Brogly et al. 2010, Nigeria (n=2381) by Ezechi et
al. 2013, Botswana (n=33113, n=16219 &n=9445 by Chen et al. 2012, Parekh et
al. 2011 & Zash et al. 2016, respectively and India (n=120) by Shivamurthy et al.
2015 reported a significantly increased risk of low birth weight among women with
HIV-infection during pregnancy (Leroy et al. 1998, Brogly et al. 2010, Parekh et
al. 2011, Chen et al. 2012, Ezechi et al. 2013, Kebede et al. 2013, Kreitchmann et
al. 2015, Shivamurthy et al. 2015, Zash et al. 2016). This might be because of all
the HIV-positive participants were either on EFV- or NVP-containing ART and
use of ART suppresses viral load and improves the CD4 count. Using ART might
eliminate the significant difference in biomarkers between HIV-positive and HIVnegative participants. Therefore, the absence significant difference between
participants’ HIV-status and the risk of low birth weight could be because all the
HIV-positive were on ART.

The effect of the severity of HIV-infection during pregnancy was investigated in
relation to the risk of adverse pregnancy outcomes. As indicated in section 4.8 in
Chapter 4, only 834 (33.7%) of the study participants had known WHO HIV-stage
recorded. Among these, 74.9%, 11.9%, 10.8% and 2.54% of them were in WHO
HIV-clinical stage-I, II, III and IV, respectively. None of the adverse pregnancy
outcomes was found significantly associated with any of the WHO HIV-stages (I,
II, III or IV). No significant difference in the risk of birth defect, preterm delivery
and low birth weight across the WHO HIV-stages was found 2 (df=3, N =825) =
1.674, p= 0.643, 2 (df=3, N =826) = 2.576, p= 0.462 and 2 (df=3, N =826) =
2.963, p= 0.397, respectively. Similarly, a study from Italy (n=566) reported the
absence of a significant difference in the overall risk of adverse pregnancy
outcomes between mothers with CDC-stage C HIV-infection and mothers with
either CDC-stage A or B HIV-infection (Baroncelli et al. 2011). However, a study
from Ethiopia (n=416) reported that mothers with WHO HIV stage-III and IV had
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significantly higher risk of both preterm delivery and low birth weight (Kebede et
al. 2013). Similarly, a Ukrainian study (n=8884) found that mothers with WHO
HIV-stage IV had a significantly higher risk of preterm delivery compared to
mothers with WHO-stage-I (Bagkeris et al. 2015).

More than 87% of the HIV-positive participants had known CD4 count during their
pregnancy. Among these, 306 (15.2%), 572 (28.2%), 407 (20.2%) and 481 (23.9%)
of them had CD4 count <200, 201-350, 351-500 and > 500, respectively. No
significant difference in the risk of birth defect, preterm delivery or low birth
weight among the different category of CD4 count was found, 2 (df=3, N =1755)
= 1.483, p= 0.686, 2 (df=3, N =1752) = 3.994, p= 0.262 and 2 (df=3, N =1751)
= 0.801, p= 0.849, respectively. However, a South African study (n=3465)
reported otherwise. This study found that mothers with CD4 count <200 cells/ml
during pregnancy had a significantly higher risk of adverse pregnancy outcomes
(Nigel et al. 2007). Similarly, studies from China (n= 95), Ethiopia (n= 416),
Nigeria (n=2381) and India (n=120) reported that mothers with low CD4 count
during pregnancy experienced significantly higher risk of preterm delivery and low
birth weight (O’Shea et al. 1998, Kebede et al. 2013, Ezechi et al. 2013,
Shivamurthy et al. 2015).

Age of the mother

The effect of age of the mother on pregnancy outcomes was taken into
consideration. Generally, an increased risk of birth defect was found among
mothers with an age group greater than thirty-five years old. However, no
significant difference in birth defect, preterm delivery and low birth weight was
found across the different age groups, 2 (df=2, N=2456) = 1.948, p= 0.378.
Looking at the effect of age of the mother on birth defect, studies from British
Columbia n= 576,815 ) and Israel (n=295) reported similar findings, i.e. the
absence of a significant difference between the age of a mother and the risk of birth
defect (Baird et al. 1991, Shener et al. 1999). However, according to the CDC fact
sheet, being a mother older than 34 years old is a cause for an increased risk of
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birth defect (Centers for disease control and prevention 2016). Similarly, a study
from Texas which included more than 102 thousand participants also reported that
maternal age greater than 25 years old was found to significantly increase the risk
of structural malformation of babies (Hollier et al. 2000). In addition, an increased
risk of congenital abnormalities (intracranial abnormalities, cleft palate, cleft lip,
thoracic abnormalities, cardiac defects, gastrointestinal malformations, renal
malformations, skeletal malformations, urogenital malformations, and neural tube
defects) was also found significantly associated with mothers (n=36,056) of an
advanced age (Jane et al. 2005).

In this study, as indicated in Table 1 in Chapter 4, participants older than 35 years
of age experienced higher prevalence of preterm delivery and low birth weight.
However, no significant difference between participants’ age category and the
prevalence of both preterm delivery and low birth weight was found, 2 (df=2, N
=2457) = 0.510, p= 0.775 & 2 (df=2, N =2455) = 2.774, p= 0.250, respectively.
Similarly, studies from the UK (n= 76,158) and Turkey (n=2,162) reported the
absence of a significant association between the age of the mother and the risk of
preterm delivery (Khalil et al. 2013, Benli et al. 2015). However, studies from
Ireland (n= 28,600), UK (n=385,120), USA (n=36,056), and UK (n=215,344)
reported otherwise. These studies reported a significantly higher prevalence of both
preterm delivery and low birth weight among women greater than 35 years of age
(Milner et al. 1992, Jolly et al. 2000, Cleary-Goldman et al. 2005, Kenny et al.
2013).

Marital status

Family support, emotional and financial, during pregnancy has an effect on the
well-being of the foetus. In this study as shown in Table 4 in Chapter 4, married
mothers had a higher prevalence of birth defect (1%) than single mothers (0.6%).
However, no significant difference was found, 2 (df=1, N =2397) = 1.165, p=
0.280. Correspondingly, a Malaysian study (n=442) found the absence of a
significant association between mothers’ marital status and the risk of birth defect
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(Zain et al. 2015). However, lack of social support during pregnancy was found
significantly associated with an increased risk of birth defect (n=767) (Ma et al.
2015).

The prevalence of both preterm delivery and low birth weight among single
mothers was found higher compared to married mothers, 9.8% &7.3%, and 6.2%
& 3.4%, respectively. The difference between maternal marital status and the
prevalence of preterm delivery and low birth weight was found significant, 2
(df=1, N =2398) = 7.614, p= 0.006 and 2 (df=1, N = 2397) = 11.679, p= 0.001,
respectively. The risk of preterm delivery and low birth weight among single
mothers was 1.83 and 2.0 times higher than married mothers, AOR=1.83, 95% CI:
1.20 -2.77, p=0.005, & AOR=2.0, 95% CI: 1.21-3.31, p=0.007, respectively.
Consistently, studies from Finland (n=25,373), Malaysia (n=442) and a metaanalysis of more than 20 studies reported that the prevalence of preterm delivery
and low birth among single mothers was significantly higher than married mothers
(Raatikainen et al. 2005, Shah et al. 2011, Zain et al. 2015).

Similarly, a

significantly higher risk of low birth weight in Ghana (n= 10,627) (Tampah-Naah
et al. 2016) and a significantly greater risk of preterm delivery in the USA (n=1573)
(Young et al. 2010) among single mothers was reported. However, the findings of
an Israeli study (n=304) showed the absence of a significant difference in the risk
of both preterm delivery and low birth weight among unmarried and married
mothers (Lurie et al. 2010).

Employment status

The overall prevalence of adverse pregnancy outcomes among non-employed
participants was found higher compared to employed participants. However, in this
study, as shown in Table 4 in Chapter 4, the extent of birth defects experienced by
both employed and non-employed was almost similar: 0.8% and 0.7%,
respectively. No significant difference between participants’ employment status
and the risk of birth defect was found, 2 (df=1, N =2175) = 0.117, p= 0.732.
Consistently, a Californian study (n= 1,502) finding had shown the absence of a
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significant association between the risk of birth defect and socio-economic status
of mothers (Suzan et al. 2009). On the other hand, a US study (n=4,392) reported
a significantly higher prevalence of birth defects among women with the lowest
household socio-economic status (Yang et al. 2007).
Determining the effect of participants’ employment status on the risk of both
preterm delivery and low birth weight, a higher prevalence of both was found
among non-employed participants. The prevalence of preterm delivery and low
birth weight was 6.8% & 9.2%, 5.2% and 7.0%, respectively for employed and
unemployed participants. However, no significant difference between participants’
employment status and the prevalence of both preterm delivery and low birth was
found, 2 (df=1, N =2175) = 0.117, p= 0.732 and 2 (df=1, N = 2171) = 2.445,
p= 0.118, respectively. Consistently, a study from Australia (n=8,556) reported the
absence of a significant association between unemployed mothers and risk of low
birth weight (Najman et al. 1989). Similarly, an Iranian study (n=390) reported the
absence of a significant relationship between gestational age (preterm delivery)
and unemployed status of mothers (Firouzbakht et al, 2015). However, studies
from Portugugal (n=1822), Spain (n= 192,921) and California (n= 1,165) reported
otherwise. All these studies found that unemployed mothers had shown a
significantly higher risk of preterm delivery than employed mothers (Dooley &
Prause 2005, Rodrigues & Barros H 2008, Garcia-Subirate et al. 2011). The studies
from Spain and California also found a significantly higher risk of low birth weight
among unemployed mothers (Dooley & Prause 2005, Garcia-Subirate et al. 2011).

Body mass index (BMI)

The prevalence of birth defect was higher among underweight participants
(BMI<18.5) (3.8%), compared with participants with normal weight (BMI=18.524.99), overweight (BMI=25-29.99) and obese (BMI>30), 0.9%, 0.4% and 0.7%,
respectively. However, no significant difference between participants’ BMI and
the risk of birth defect was found, 2 (df=3, N =2355) = 5.799, p= 0.122. Although
a study from England (n= 41,013) reported that both obese and underweight
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women experienced a significantly higher prevalence of birth defect (Rankin et al.
2010). Similarly, findings of studies from the US (n= 3,200) and Sweden (n=
1,049,582) showed that obese mothers had a significantly higher risk of birth defect
(Waller et al. 2007, Blomberg et al. 2010).

The effect of obesity on the risk of both preterm delivery and low birth weight was
determined. The results of the study indicated that no significant difference in the
risk of preterm delivery across the different BMI was found, 2 (df=2, N =2356)
= 0.940, p= 0.816. However, the findings of a number of studies had shown
otherwise. Studies from England (n= 41,013), Sweden (n=1,599,551), Australia
(n=6,632) and China (n= 536,098) reported that a significantly higher prevalence
of preterm delivery was observed among obese mothers (Rankin et al. 2010,
Mamun et al. 2011, Cnattingiu et al. 2013, Pan et al. 2016). But a study from the
UK (n=99,403) reported a 10% reduction in the prevalence of preterm delivery
among obese and overweight mothers compared to underweight mothers (Khashan
et al. 2009). On the other hand, a systematic review and meta-analysis of 78 studies
(n= 1,025,794) found that the risk of preterm delivery was significantly higher
among underweight mothers compared to normal-weight mothers (Han et al,
2011).

Furthermore, as shown in Tables 5 in Chapter 4, using univeriate and a chi-square
analysis, the prevalence of low birth weight was found significantly associated with
participants’ BMI, 2 (df=3, N = 2355) = 10.411, p= 0.015. The prevalence of low
birth weight among underweight women and obese women was 15.4% and 4.4%,
respectively. But using a multivariate logistic regression analysis, no significant
association between participants’ BMI and the risk of low birth weight was found,
adjusted p=0.067. However, findings from Australia (n=6,632) and a systematic
and meta-analysis of 78 studies (n= 1,025,794) reported that underweight women
had a significantly higher risk of low birth weight (Han et al. 2011, Mamun et al.
2011). On the contrary, a study from China (n= 536,098) reported otherwise. The
study found that obese and overweight women had a significantly higher rate of
low birth weight (Pan et al. 2016).
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Antenatal Care (ANC)

The number of ANC visits during pregnancy is an important factor for the wellbeing of the mother and the baby. Before the release of a new 8-model ANC visit
plan during pregnancy at the end of 2016, the recommended number of ANC visits
during pregnancy by WHO was four times (World health organization 2016). As
shown in Tables 6, 18 and 19 in Chapter 4, the overall prevalence of adverse
pregnancy outcomes among women who attended ≤4 times had higher prevalence
than those who attended > 4 times. The rate of preterm delivery was found almost
4.5 times greater among women who attended ≤4 times (16.8%) than women who
attended > 4 times (4.6%). The difference was found significant [2 (df=1, N
=2303) = 96.199, p= 0.000, & (AOR= 4.48, 95% CI: 3.27-6.13, p<0.0001)]. In a
similar manner, a study from Ghana (n=629) and Angola (n=995) found that
women who attended ANC fewer than four times during their pregnancy had a
significantly higher risk of preterm delivery than women who attended ANC more
than four times (Asundep et al. 2014, Nim et al. 2016).

Furthermore, the prevalence of low birth weight among women who attended ANC
in ≤4 times (8.1%) was found higher than women who attended ANC in > 4 times
(5.3%). The risk of low birth weight was found 1.5 times greater among
participants with ≤4 times ANC visit than > 4 times during pregnancy. The
difference was found significant 2 (df=1, N =2302) = 7.214, p= 0.007 &
AOR=1.51, 95% CI: 1.05-2.16, p=0.027. Similarly, studies from Finland
(n=23,614), Ghana, Angola and a meta-analysis of 23 studies (n=278,020) reported
that women who attended fewer antenatal visits had experienced significantly
higher prevalence of low birth weight (Raatikainen et al. 2007, Asundep et al.
2014, Nimi et al. 2016, Wu et al. 2016). However, a study from Thailand (n= 2,312)
found no correlation between the number of antenatal visits and risk of low birth
weight (Kanjanasingh et al. 2013).
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Use of supplements

Oral supplementation of both iron and folic acid on a daily basis prevents the risk
of birth abnormality, preterm delivery and low birth weight (Fekete et al. 2010,
World health organization 2016). In this study, 92.2% of the participants had taken
supplements during pregnancy. As shown in Table 8 in Chapter 4, the prevalence
of birth defect on the basis of the time of initiation of supplementation during
pregnancy was 0.6%, 0.9%, and 0.2% for 1st, 2nd and 3rd trimester, respectively. No
significant difference between participants’ time of supplementation during
pregnancy and the risk of birth defect was found, 2 (df=2, N =2270) = 2.3, p=
0.316. However, a study from China (n=1,535,066) reported that women who
started using folic acid three months prior to their last menses had shown a
significantly lower risk of birth defect (He et al. 2016).

Furthermore, the prevalence of preterm delivery was 8.2%, 8.0% and 12.6% among
participants who started taking supplements in their 1st, 2nd and 3rd trimester of
pregnancy. The prevalence of preterm was higher among participants who were
given supplements during their 3rd trimester, compared to participants who were
given supplements in their 1st and 2nd trimester of pregnancy. The difference was
found significant, 2 (df=2, N =2271) = 9, p= 0.011. However, the adjusted effect
using multivariate logistic regression indicated otherwise, AOR=1.27, 95% CI:
0.74-2.20, p=0.385. Similarly, folic acid supplementation during pregnancy was
not found to impact on the risk of preterm delivery. A review of thirty-one trials
(n=17,771) reported that supplementation of folic acid during pregnancy had
shown no significant difference in the risk of preterm delivery (Lassi et al. 2013).
Similarly, Hungarian (n=22,843) and Iranian (n=148) studies reported that iron
supplementation during pregnancy had no significant effect on the risk of preterm
delivery (Banhidy et al. 2011, Falahi et al. 2011). However, a study from China
(n=1,535,066) reported that women who did not take folic acid during their early
pregnancy had a higher risk of preterm delivery (He et al. 2016). In addition,
mothers (n=17,793) who were anemic in their 1st and 2nd trimester of pregnancy
had shown a significantly higher risk of preterm delivery (Haider et al. 2013).
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Furthermore, the prevalence of low birth weight among participants who started
folic acid and iron supplementation during their first, second and third trimester
was 6.0%, 6.1% and 6.6%. No significant difference between the time of initiation
for the use of supplements and risk of low birth weight was found, 2 (df=2, N
=2270) = 0.212, p= 0.899. Similarly, Hungarian (n=22,843) and Iranian (n=148)
studies found that iron supplementation during pregnancy made no significant
difference to the rate of low birth weight, compared to women who did not take
iron supplementation (Banhidy et al. 2011, Falahi et al. 2011). However, Chinese
(n=1,535,066) women who initiated folic supplementation three months prior to
their menstrual cycle had significantly lower risk of low birth weight than women
who started late (He et al. 2016). On the other hand, a Zimbabwean study (n=3,559)
reported that iron supplementation during pregnancy had significantly reduced the
rate of low birth weight (Mishra et al. 2005).

Use of alcohol during pregnancy

There is no safe time or quantity or type of alcohol that can be consumed during
pregnancy (Centers for Disease Control and Prevention 2016). In this study, only
17% of the study participants had consumed alcohol during pregnancy and 80.5%
of them were non-users. The rate of birth defect among alcohol users and non-users
was 0.2% and 0.8%, respectively. The risk of birth defect among alcohol
consumers was found to be four times lower than users. This might be due to the
absence of data on which trimester of pregnancy the alcohol was consumed.
However, no significant difference between participants’ alcohol consumption
status during pregnancy and the rate of birth defect was found, 2 (df=1, N =2399)
= 1.390, p= 0.238. On the other hand, a significantly higher prevalence of birth
abnormality was found among alcohol consumers during pregnancy than nonconsumers (Centers for Disease Control and Prevention 2005, Ornoy et al. 2010,
Kuehn et al. 2012, Centers for Disease Control and Prevention 2016).
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The effect of alcohol consumption during pregnancy on the rate of preterm delivery
and low birth weight was also investigated. The prevalence of preterm delivery
among alcohol consumers and non-consumers was 11.0% and 8.8%, respectively.
No significant difference in the rate of preterm delivery between alcohol
consumers and non-consumers during pregnancy was found, 2 (df=1, N =2400)
= 2.1, p= 0.147. Similarly, studies from Switzerland (n= 1,258) and a multicountry study (n=5,628) reported the absence of a significant difference in the
prevalence of preterm delivery between alcohol users and non-users during
pregnancy (Meyer-Leu et al. 2011, Fergus et al. 2013). However, studies from
Australia (n=4719), UK (n=1,303) and Japan (n=1,565) found that alcohol
consumption during pregnancy significantly increases the risk of preterm delivery
(O’Leary et al. 2009, Nykjaer et al. 2013, Miyake et al. 2014).

As shown in Table 9 and 17 in Chapter 4, the prevalence of low birth weight among
alcohol consumers and non-consumers, in this study, was 10.0% and 5.6%,
respectively. The risk of low birth weight among alcohol consumers was found to
be almost twice compared to non-consumers and the difference was significant,
[2 (df=1, N=2399) = 11.42, p=0.001& AOR=1.83, 95% CI: 1.21-2.77, p=0.004].
Similarly, studies from Switzerland (n= 1,258) and the UK (n=1,303) reported that
alcohol consumption during pregnancy significantly increases the risk of low birth
weight (Meyer-Leu et al. 2011, Nykjaer et al. 2013). However, a multi-country
study (n=5,628) and a study from Japan (n=1,565) reported the obscene a
significant difference in the risk of low birth weight between alcohol consumers
during pregnancy and non-consumers (Fergus et al. 2013, Miyake et al. 2014).

Cigarette smoking during pregnancy

In this study, none (0%) of the participants (143, 5.8%) who smoke cigarette during
pregnancy experienced birth defect. All of the birth defects were observed among
non-smokers (0.7%). However, no significant difference between participants’
cigarette smoking status and the risk of birth defect was found, 2 (df=1, N =2401)
= 1.02, p= 0.312. However, CDC reported that infants born to women who smoke
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during their first pregnancy experienced a higher risk of congenital defect (World
Health Organization 2013, Centers for Disease Control and Prevention 2016). But,
in this study, the time during which cigarettes were smoked is unknown.

Regarding preterm delivery, the prevalence was 8.5% and 9.2% among smokers
and non-smokers, respectively. No significant difference in the risk of preterm
delivery between smokers and non-smokers was found, 2 (df=1, N =2402) =
0.091, p= 0.763. However, studies from the Netherlands (n= 7,098) and the US
(n=36,432) reported a significantly higher prevalence in preterm delivery among
women who smoke during pregnancy than non-smokers (Jaddoe et al. 2008, World
Health Organization 2013, Jessica et al. 2016).

Concerning the risk of low birth weight among women who smoke during
pregnancy, the prevalence was 10.6% and 6.2% for smokers and non-smokers,
respectively. The difference was found significantly higher among smokers, 2
(df=1, N =2401) = 4.329, p= 0.037. Similarly, a significantly higher rate of low
birth weight was also reported by studies done in the Netherlands (n= 7,098),
Greece (n=1,400) and California (n=13,000) (Jaddoe et al. 2008, Vardavas et al.
2010, Yerushalmy et al. 2014).
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Limitations of the study

In this study, the design used was a retrospective cohort. Therefore, the study
suffers from many limitations. One of the major limitations of the study was data
incompleteness or missing information from patient folders.


Missing information on patients’ detailed description of co-morbidities
during pregnancy limited the study from determining their effect on the risk
of adverse pregnancy outcomes.



Lack of data on Polymerase chain reaction (PCR) results of new babies
born from HIV-positive participants limited the study from determining the
rate of HIV-transmission depending on the type of ART given during
pregnancy.



Information on invisible birth defects (i.e. cardiac malformation, functional
defects) was not available.



Information on viral load and WHO HIV-stage was not documented in a
significant number of participants.



Information on adverse effect of efavirenz on the mother, especially during
pregnancy (i.e. central nervous system adverse effects such as suicide or
dangerous behaviour), was not documented at all.



Information on the type and frequency of consumption of alcohol or
cigarettes during pregnancy was not documented.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions
In this study, the use of efavirenz during pregnancy, including the first trimester of
pregnancy, was found safe. No significant increase in the prevalence of structural
birth defect, preterm delivery or low birth weight following exposure to EFVcontaining ART, including in first trimester of pregnancy, was found. No
significant difference in the prevalence of both structural birth defect and preterm
delivery between pregnant women exposed to EFV-containing ART, and pregnant
women exposed to NVP-containing ART and HIV-negative women was found.
However, exposure to EFV-containing ART was found to be 55% less in the risk
of low birth weight, compared to exposure to NVP-containing ART and no
difference in the risk of low birth compared to HIV-negative was found. This might
indicate a protective effect of EFV-exposure towards the risk of low birth weight.

The use of NVP-containing ART during pregnancy was found to significantly
increase the risk of low birth weight, compared to EFV-exposed and HIV-negative
participants. However, no significant increase in the prevalence of both structural
birth defect and preterm delivery was found.

A significantly lower risk of low birth weight was found among HIV-negative
participants compared to NVP-exposed participants. However, no significant
difference in the risk of low birth weight between HIV-negative and EFV-exposed
participants was found. The prevalence of both structural birth defect and preterm
delivery among HIV-negative participants was found not significantly different
compared to EFV-exposed and NVP-exposed participants.

Concerning the time of initiation of ART, the findings of this study indicated the
absence of the effect of time of initiation of ART, whether starting before
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pregnancy or during the different trimesters of pregnancy, on the prevalence of
adverse pregnancy outcomes such as birth defect, preterm delivery and low birth
weight.
No significant difference was seen between participants’ HIV-status and the risk
of structural birth defect, preterm delivery and low birth weight. Furthermore, the
severity of HIV-infection, such as low CD4 count, advanced WHO HIV-stage (3
or 4) and higher viral load, was found not to significantly affect the prevalence of
all the adverse pregnancy outcomes. Therefore, advanced HIV-infection, either
in terms of low CD4 count, WHO HIV-stage 3 or 4 or high viral load level, is not
a factor for an increased risk of structural birth defect, preterm delivery or low birth
weight.

Attending fewer than or equal to four ANC visits during pregnancy was found
significantly associated with an increased risk of preterm delivery and low birth
weight, compared to attending more than four times. However, no significant
difference in the risk of structural birth defect was found between attending fewer
than or equal to four and more than four ANC visits. Even though the number of
ANC visits might be used as a predictor for pregnancy outcomes, this might not
reflect the type of services provided. In addition, the timing of the ANC given is
also important.

The findings of this study indicate that none of the adverse pregnancy outcomes
were found associated with maternal age. This suggests that older women have
similar risk to adverse pregnancy outcomes as younger counterparts.
Participants’ employment status was found not significantly associated with any of
the adverse pregnancy effects, even though the prevalence of birth defect, preterm
delivery and low birth was higher among unemployed than employed participants.
However, the difference was not significant. This might be due to the availability
of social grants for people who are vulnerable to poverty.
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None of the adverse pregnancy outcomes were found significantly associated with
participants’ race. The prevalence of all the adverse pregnancy outcomes were
higher among Coloured participants, compared to African participants. However,
the difference was not significant. Nevertheless, the sample size of Coloured
participants was small (53, 2.3%).

Unmarried or single participants were found significantly associated with an
increased risk of both preterm delivery and low birth weight. However, the risk of
structural birth defect between single and married participants was not significantly
different.
Only the prevalence of low birth weight was found associated with participants’
BMI. However, the difference was not significant. Both the prevalence of birth
defect and preterm delivery was not found significantly associated with
participants’ BMI. Participants’ BMI was not found as a predictor for any of the
adverse pregnancy outcomes.

The timing of supplementing both folic acid and iron during pregnancy was not
found significantly associated with any of the adverse pregnancy outcomes, even
though a higher prevalence of preterm delivery was documented among
participants who started taking supplements during the 3rd trimester of pregnancy.
However, the association was not significant. The absence of an impact on the use
of supplements on the prevalence of adverse pregnancy might be because of food
fortification.

Alcohol consumption during pregnancy was found significantly associated with an
increased risk of low birth weight. However, no significant difference in the
prevalence of both structural birth defect and preterm delivery between alcohol
consumers and non-consumers was found. However, the study lacks in not
determining the effect of quantity and type of alcohol on the prevalence of adverse
pregnancy outcomes.
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Cigarette smoking during pregnancy was found associated with an increased risk
of low birth weight, but the difference was not significant. No association was
made in the prevalence of both structural birth defect and preterm delivery between
cigarette smokers and non-smokers during pregnancy. However, the quantity or
frequency of cigarette-smoking per day during pregnancy was not determined, as
it was not recorded.

6.2. Recommendations
The use of efavirenz during the first trimester of pregnancy should continue, as it
was found not significantly associated with any of the adverse pregnancy outcomes.

The results of the study indicated that prolonged use of ART was not associated
with an increased risk of any of the adverse pregnancy outcomes. Therefore, ART
could be initiated early, starting before conception.

Pregnant women should be encouraged to actively follow-up their ANC and attend
more frequently, at least more than four times, during pregnancy. Attending ANC
more frequently decreases the risk of adverse pregnancy outcomes. More studies
are needed to investigate, not only the timing of ANC visits to be made, but also
the effect of the content of the ANC services.

Patient information, especially for HIV-positive patients, should be properly
captured and documented at every visit they make. This might help to understand
the effect of any factor that might be experienced in pregnancy outcomes.

Marriage or being in stable relationships has a protective effect on adverse
pregnancy outcomes. Emphasis should be given to the importance of getting
pregnant when a long-term relationship is established.

Education should be given to pregnant women in order to minimize the negative
contribution of alcohol consumption and cigarette-smoking on adverse pregnancy
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outcomes. Consumption of alcohol and cigarette smoking should be avoided
during pregnancy.

In this study, a retrospective design was used, which suffers from missing
information and fails to address some very important objectives. Therefore, the
following recommendations were generated:

A large prospective study should be conducted in order to obtain complete
information and answer more research questions on
 Neurological side effects of EFV.
 Detecting invisible birth defects.
 Detecting defects which will appear later in childhood.
 Determining rate of HIV-transmission to new-born babies by
collection of the results of their Polymerase chain reaction (PCR)
results, depending on the type of ART given during pregnancy.
 Reorganizing and activating the pregnancy registry.
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