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Abstract

Background

Effects of antiretroviral therapy (ART) on birth outcomes remain controversial.

Objective

To assess the impact of antenatal exposure to ART on the occurrence of preterm birth

(PTB) and low birth weight (LBW).

Methods

A cross-sectional study conducted at the Essos Hospital Center in Yaounde from 2008 to

2011 among HIV vertically exposed infants with two distinct maternal antiretroviral experi-

ences: monotherapy group (Zidovudine, ZDV) and the combination ART group (cART).

Mothers already receiving cART before pregnancy were ineligible. In both groups, events of

PTB (<37 weeks) and LBW (<2,500g) were analyzed using univariate and multivariate

logistic regression; with p<0.05 considered statistically significant.

Results

Of the 760 infants, 481 were born from cART-exposed mothers against 279 from maternal-

ZDV. Median maternal CD4 count was 378 [interquartile range (IQR): 253–535] cells/mm3.

Median duration of ART at onset of delivery was 13 [IQR: 10–17] weeks. In the cART-

group, 64.9% (312/481) of mothers were exposed to Zidovudine/Lamuvidine/Nevirapine

and only 2% (9/481) were on protease inhibitor-based regimens. Events of PTB were not

significantly higher in the cART-group compared to the ZDV-group (10.2% vs. 6.4% respec-

tively, p = 0.08), while onsets of LBW were significantly found in the cART-group compared

to ZDV-group (11.6% vs. 7.2% respectively, p = 0.05). Other factors (parity, maternal age at

delivery or CD4 cell count) were not associated with PTB.
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Conclusion

cART, initiated during pregnancy, would be an independent factor of LBW. In the era of

option B+ (lifelong ART to all HIV-pregnant women), further studies would guide towards

measures limiting onsets of LBW.

Introduction
During the last decade, efforts in preventing mother-to-child transmission (PMTCT) of HIV
have significantly reduced new HIV pediatric infections worldwide. Of note, antiretroviral
drugs, and especially combination antiretroviral therapy (cART), have minimized the risks of
HIV vertical transmission (during pregnancy, delivery and breastfeeding) to almost zero in
developed countries [1–3]. Furthermore, current promising PMTCT progress in developing
countries makes elimination of mother-to-child transmission of HIV (eMTCT) a reality in
resource-limited settings [4, 5].

In spite of the great achievements with PMTCT interventions, the safety of cART on birth
outcomes remains questionable. Indeed, there are conflicting evidences on the increasing rate
of preterm birth (PTB) and/or of low birth weight (LBW) following prenatal antiretroviral
exposure [6, 7]. Though available data were mostly from the developed world, some recent
reports from sub-Saharan Africa (SSA) showed negative effects following antenatal exposure to
ART, among which PTB and LBW were frequently addressed [8–10]. Interestingly, monother-
apy (i.e. option A) and cART (option B or B+) used during pregnancy in SSA mostly consist of
reverse transcriptase inhibitors, which are drugs with lesser antenatal impairments, compared
to protease inhibitor-based regimens commonly used in developed countries [11]. Thus,
understanding the impact of commonly used antiretrovirals on birth outcomes in SSA would
serve in designing interventions aiming at: (a) continuing current ART during pregnancy with-
out further interventions, (b) continuing current ART during with specific monitoring mea-
sures, or (c) switching from current ART to potential regimens with safer birth outcomes. Such
considerations are of utmost importance in SSA countries whereby HIV-infection during preg-
nancy is consistent, in the frame of PMTCT uptake [3].

Cameroon is a SSA country experiencing a generalized HIV epidemiology with almost a
doubled rate among women (5.9%) [5]. Specifically, 7.8% of the subpopulation of pregnant
Cameroonian women would be living HIV [4], suggesting considerable number of antenatal
ART exposure in the context of PMTCT interventions, and the country’s position among the
top 22 with the highest global burden in HIV vertical transmission [3].

From 2008–2011, national PMTCT guidelines recommended option A which includes
PMTCT prophylaxis with Zidovudine-monotherapy based on the CD4 cell count>350/mm3

was prescribed from 28 weeks of pregnancy up to delivery from 2008 to 2009, and later on
from 14 weeks up to delivery from 2009–2011; meanwhile pregnant women with CD4 cell
count�350/mm3 were eligible for lifelong cART consisting of Zidovudine (ZDV), Lamivudine
(3TC) and Nevirapine (NVP) at any moment during pregnancy (Fig 1) [7]. Current progress is
towards a wider implementation of PMTCT option B+, following the global plan in eMTCT
with universal access to option B+ by 2017 [3]. Such achievements would lead to virtual elimi-
nation of new HIV pediatric infections, implying more antenatal ART exposure with potentials
of poor birth outcomes in terms of PTB and LBW [3]. Thus, as Cameroon is effectively transi-
tioning to option B+, we sought to assess the impact of antiretroviral exposure during preg-
nancy on poor birth outcomes (PTB and LBW), by comparing ZDV-monotherapy versus
cART.
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Methods

Study design and populations
Using a retrospectively designed investigation, we conducted a comparative and cross-sectional
assessment of birth outcomes according antiretroviral exposure (ZDV-monotherapy versus
cART) among PMTCT-enrolled mother-child pairs at the Essos Hospital Centre (EHC), a
referral hospital belonging to the National Social Insurance Fund in Yaoundé, Cameroon. The
study-reporting period ranged from 2008 through 2011.

Description of study site
The EHC is an Approved Treatment Centre for ART in Cameroon, offering all services for
infants and adults within the health district area of Djoungolo, in Yaounde. The EHC also
serves as a reference center for PMTCT program in the health district, with regular updates in
the implementation of PMTCT guidelines according national policies. Briefly, PMTCT pro-
gram was launched at the EHC in 2008 and involved 25 health facilities, whereby HIV-infected

Fig 1. Algorithm for ARV eligibility and type of PMTCT regimens at Essos Hospital Centre from 2008 to 2011, Cameroon.

doi:10.1371/journal.pone.0150565.g001
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pregnant women received are referred to the EHC for free CD4 cell count and MTCT prophy-
laxis. All HIV-infected antenatal care (ANC) attendees are monitored by Obstetricians assisted
by Midwives based on mother age, gestational age, parity, absolute lymphocytes CD4 cell
count, antiretroviral regimen and duration on ART. Gestational age was assessed based on the
last menstrual period associated with fundal height and ultrasonography whenever necessary.
HIV-infected ANC attendees are advised to deliver in any facility of the Djoungolo health dis-
trict network; to ease referral of HIV vertically exposed newborns at the EHC within ten days
following birth. At registration, neonatal parameters are collected from the maternal medical
records: date of birth, gender, term at delivery, and birth weight.

Practically, about 30 to 40 new women are registered for antenatal care on a daily basis,
ARV drugs were dispensed on a monthly basis during pregnancy to ensure adherence and ther-
apeutic monitoring, and about 20 HIV-exposed newborns are enrolled in the PMTCT-cascade
care on a monthly basis.

Data abstraction
Data from HIV-infected mothers and their babies routinely monitored in the PMTCT program
were abstracted from the register for the period of 2008 through 2011 (Fig 2). HIV-infected
pregnant women on cART before pregnancy, or without ANC exposure to antiretroviral drugs,
or without information on birth weight or gestational age, were not eligible for the study. Over-
all, 1252 mother/baby pairs were identified from the EHC register; among them 148 HIV-
infected mothers had missed ART and 164 had incomplete data, and 136 were under ART
prior to pregnancy, and 44 babies were twins. In the final dataset, 760 files of HIV-infected
mothers and their babies were included for analysis and interpretation.

Data interpretation
Primary outcomes were PTB and LBW. Preterm was defined as babies born alive before 37
weeks of pregnancy. LBW was defined as a birth weight<2,500g regardless of gestational age.

Statistical analysis
Dependent variables were low birth weight and prematurity. Independent variables were: ges-
tational term at ART initiation, moment of ART initiation, type of antiretroviral regimen,
number of CD4 T cells, maternal age and parity. Chi-square and Student tests were used to
analyze qualitative and quantitative variables respectively. Univariate and multivariate regres-
sion were used for covariates with PTB and LBW. Due to the limited number of independent
variables (n = 4), there were all considered in multivariate analysis. Statistical analyses were
performed using Stata / IC12.0 Software (College Station, Tx: stataCorp LP), with p-value
�0.05 considered statistically significant.

Ethical considerations
Ethical approval was obtained from the Institutional Review Board of the National Social
Insurance Fund Hospital. At enrollment for PMTCT intervention, a verbal informed consent
was obtained from each mother on the possible use data and reported in the medical file. Data
were processed using unique identifiers for purpose of confidentiality, and the data were
encrypted for protected.
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Results

Characteristics of mother-baby pairs
In the total of 760 mother-baby pairs, 481 mothers initiated cART during ANC and 279
received ZDV-monotherapy (Fig 1). These two groups of mother-baby pairs had similar profile
in terms of maternal age (26 years versus 27 years, p = 0.07) and parity (1.0 versus 1.0,
p = 0.20). Not surprisingly, median CD4 cell count was lower in the group of mothers exposed
to cART (302/mm3, Interquartile range [IQR]: 202–416) compared to those under ZDV-
monotherapy (533/mm3, [IQR: 435–679], p =<0.001), as shown in Table 1.

Among mothers exposed to cART during pregnancy, 98% (472/481) were on non-nucleo-
side reverse-transciptase inhibitor (NNRTI)-based regimens and 2% (9/481) on protease inhib-
itor (PI)-based regimens. Median duration of antiretroviral exposition was lower in the ZDV-
monotherapy group (12 weeks [IQR: 8–15]) as compared to the cART group (14 [IQR: 10–
19]); p<0.01.

Prevalence of PTB and LBW, and associated factors
Overall, the prevalence of PTB was 8.8%, 95% confidence interval (CI): 6.9–11.1, without a sig-
nificant difference between cART and ZDV-monotherapy groups (10.2% vs 6.4%; p = 0,08).

Fig 2. Flowchart of the HIV-positive mothers enrolled in the study, 2008 to 2011, Cameroon.

doi:10.1371/journal.pone.0150565.g002
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Of note, HIV-infected mothers exposed to cART had not more premature babies than those
exposed to ZDV-monotherapy neither in univariate (OR: 1.6 [95% CI: 0.9–2.9];p = 0.08) nor
in multivariate analysis (OR: 1.9 [95% CI: 0.9–3.7];p = 0.06) (Table 2).

The prevalence of LBW was 10.0% (95% CI: 7.9–12.4), with a significantly higher rate in
babies exposed to cART compared to those exposed to monotherapy (11.6% vs 7.2%, p = 0.05).
Similarly, LBW was associated significantly associated with mothers receiving cART (1.7 [1.0–
2.9], p = 0.05) compared to those on monotherapy.

According to maternal age during pregnancy, mothers aged less than 21 years had a higher
likelihood for LBW compared to mothers aged 21 to 35 years (OR: 2.2 [1.1–4.4]). Following
adjustment in multivariable analysis, cART remained as an independent factor associated to
LBW (adjusted OR: 1.8 [1.1–3.2] p = 0.03) (Table 3).

Table 1. Description and comparison of maternal and infants characteristics according to type of antiretroviral exposure during pregnancy, 2008
to 2011, Cameroon.

HIV infected pregnant mothers

Exposed to ZDV-monotherapy
(N = 279)

Exposed to combination ART (N = 481) p-value

Mean Median IQR Mean Median IQR

Maternal age (years) (n = 5) 26.5 26.0 22.0–30.0 27.3 27.0 23.0–31.0 0.07

Parity (n = 87) 1.5 1.0 1.0–2.0 1.4 1.0 1.0–2.0 0.20

CD4 T lymphocyte count (cell/mm3) 577.8 533.0 435.0–679.0 322.3 302.0 202.0–416.0 <0.001

Duration on antiretroviral drugs (weeks) 11.5 12.0 8.0–15.0 14.3 14.0 10.0–19.0 <0.01

Birth weight (g) 3209 3200 2900–3500 3113 3150 2800–3500 0.02

Gestational age at delivery (weeks) 39.1 40.0 38–40 39.0 39.0 38–40 0.41

Legend. IQR: interquartile range; n: missing; ART: antiretroviral therapy; ZDV: Zidovudine.

doi:10.1371/journal.pone.0150565.t001

Table 2. Bivariate andmultivariate analysis betweenmaternal characteristics and premature birth, 2008 to 2011, Cameroon.

Maternal characteristics Premature birth

Bivariable Multivariable

N = 760 n = 67 % 8.8 OR [95%CI] p-value aOR [95% CI] p-value

CD4 T Lymphocytes (cells/mm3) (n = 760) �350 435 35 8.0 1 (ref) 0.39 1 (ref) 0.66

<350 325 32 9.8 1.2 [0.7–2.1] 0.9 [0.4–1.5]

Antiretroviral regimen (n = 760) Combination ART 481 49 10.2 1.6 [0.9–2.9] 0.08 1.9 [0.9–3.7] 0.06

ZDV-Monotherapy 279 18 6.4 1 (ref) 1 (ref)

Maternal age (years) <21 61 6 9.8 1.1 [0.4–2.7] 0.84 0.9 [0.3–2.4] 0.88

21–35 649 58 8.9 1 (ref) 1 (ref)

>35 45 3 6.7 0.7 [0.2–2.4] 0.8 [0.2–2.6]

Parity (n = 673) Multiparous 511 46 9.0 1 (ref) 0.31 1 (ref) 0.34

Primiparous 162 19 11.7 1.3 [0.8–2.4] 1.3 [0.7–2.4]

aOR: adjusted Odd Ratio

cOR: crude Odd Ratio

Ref: reference

CI: Confidence Interval

ART: Antiretroviral therapy

ZDV: Zidovudine

doi:10.1371/journal.pone.0150565.t002
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Discussion
Understanding factors associated with poor birth outcomes in HIV vertically exposed babies is
of paramount importance in setting-up approaches to limit such events and their potential
impaired effects [8, 9]. In the present observational study, initiating cART during pregnancy
for HIV PMTCT could predict onsets of LBW among Cameroonian women. Furthermore, as
prematurity does not appear as an independent factor according to antiretroviral exposure,
specific monitoring of LBW risks during PMTCT interventions should be recommended. Most
importantly, such findings are useful to monitor birth outcomes in the frame of current
PMTCT option B+ recommendations [1–3, 12].

By reporting a non-significant burden of PTB with cART, our data are inconsistent with
previous findings from other African or Asian settings in newborns, while PTB (15% to 30% in
previous studies) was reported to be associated with cART compared to monotherapy used
mainly for PMTCT purpose [13, 14]. Onsets of PTB appeared more frequent with PI-based
regimens [15], suggesting the need of closer obstetrical monitoring of HIV-infected ANC
attendees receiving a second-line ART regimen, since the use of PI is known to favor PTB,
especially when initiating cART prior to conception or during pregnancy [16–18].

The rate of LBW from our findings (<20%) differ considerably from data reported in Cote
d’Ivoire and in India [8, 11, 12], possibly due to higher immunological status among women in
our study. In the frame of findings from in Botswana and other African or Latin America set-
tings, immune-compromised pregnant women receiving PMTCT option B+ should thus far be
monitored during routine ANC to limit the potentials of foetal growth retardation in RLS [14,
19, 20], in order to achieve similar target performance in the western world [21, 22].

Interestingly, statistical adjustment for maternal age and parity confirmed the association of
cART with LBW, but not with prematurity, stresses the need for collaborative interaction
between gynecologists, obstetricians and pediatricians to overcome the onset of LBW in RLS
[8–10, 23].

Beside LBW and PTB, there are other factors known to potentially affect fetal growth
(maternal hypertension, and mother’s nutritional status) [24, 25]. Furthermore, HIV disease
progression has also been identified as a predictive factor of impaired birth outcomes in several
settings through placental infection, malaria co-infection, etc [20–22, 26–29]. All these factors,
not covered in our present study, could have potentially affected our findings, thus calling for a
more comprehensive investigation. Though not feasible in our context, combining the two

Table 3. Bivariate andmultivariate analysis betweenmaternal characteristics and low birth weight, Essos Hospital Center, 2008 to 2011,
Cameroon.

Maternal characteristics Low birth weight

Bivariable Multivariable (n = 755)

N = 760 n = 76 % 10.0 OR [95%CI] p-value aOR [95% CI] p-value

CD4 T Lymphocytes (cells/mm3) (n = 760) �350 435 42 9.7 1 (ref) 0.71

<350 325 34 10.5 1.1 [0.7–1.8]

Antiretroviral regimen (n = 760) Combination ART 481 56 11.6 1.7 [1.0–2.9] 0.05 1.8 [1.1–3.2] 0.03

ZDV-Monotherapy 279 20 7.2 1 (ref) 1 (ref)

Maternal age (years) (n = 755) <21 61 11 18.0 2.2 [1.1–4.4] 0.10 2.4 [1.2–4. 9] 0.06

21–35 649 60 9.2 1 (ref) 1(ref)

>35 45 5 11.1 1.2 [0.5–3.2] 1.3 [0.5–3.4]

Parity (n = 673) Multiparous 511 49 9.6 1 (ref) 0.22

Primiparous 162 21 13.0 1.4 [0.8–2.4]

doi:10.1371/journal.pone.0150565.t003
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study outcomes into birth weight Z-score adjusted for gestational age at delivery and gender
would have been more relevant.

Taking into account the overall benefit of cART in the context of PMTCT option B+ our
findings support the safety of currently used ART during pregnancy, as previously postulated
from the dream cohort [30].

In an era of scaling-up in PMTCT option B+ implementation in the entire sub-Saharan
Africa, there is need to closely monitor the birth outcomes from pregnant women receiving
lifelong, with a wider data safety and monitoring to address potential confounders [15, 31, 32].
Therefore, wherever possible, implementing an interventional trial would provide stronger evi-
dence toward a global translational application.

Conclusively, ANC with exposure to cART may be associated to LBW, especially when the
mother is less than 21 years. Additional studies should further explore onsets of PTB and other
safety features on cART while scaling-up PMTCT.

Supporting Information
S1 Data.
(TXT)

S1 Text.
(DOC)

Acknowledgments
We are thankful to the French “Fondation GlaxoSmithKline”, for the supportive grant for the
follow up of this perinatal cohort.

Our appreciation goes to mother-baby pairs of Djoungolo, and to the mother and child net-
work of the Djoungolo health district.

Authors are grateful to Dr. Fokam Joseph for proof-reading and editing of this manuscript.

Author Contributions
Conceived and designed the experiments: AENNMN. Performed the experiments: AENN CZ
ANM SMT. Analyzed the data: AENNMNMT. Contributed reagents/materials/analysis tools:
AENNMN. Wrote the paper: AENN ANMMN.

References
1. de Vincenzi I (2011) Triple antiretroviral compared with zidovudine and single-dose nevirapine prophy-

laxis during pregnancy and breastfeeding for prevention of mother-to-child transmission of HIV-1
(Kesho Bora study): a randomised controlled trial. Lancet Infect Dis 3: 171–80

2. UNAIDS (2011) Global plan towards the elimination of new HIVinfections among children by 2015 and
keeping their mothers alive. Geneva: UNAIDS.

3. World Health Organization (2010) Antiretroviral drugs for treating pregnant women and preventing HIV
infection in infants. Recommandations for a public health approach. Geneva.

4. Ministry of Public Health (2009) Recommandations for use of antiretroviral drugs during pregnancy.
Ministry of Public Health, Yaounde.

5. Njom Nlend A E, Ekobo C Same, Bitoungui M J, Ekani B Bagfegue, Tchokoteu P, Lyeb S, et al. (2012)
Early outcomes of HIV exposed children in the first district-wide programme using extended regimens
for the prevention of mother-to-child transmission of HIV, in Yaounde, Cameroon. J Trop Pediatr 4:
297–302

6. Senise J F, Castelo AMartinez M (2011) Current treatment strategies, complications and consider-
ations for the use of HIV antiretroviral therapy during pregnancy. AIDS Rev 4: 198–213

Pregnancy; Antiretroviral Drugs; Preterm Birth; Low Birth Weight; Cameroon

PLOS ONE | DOI:10.1371/journal.pone.0150565 March 21, 2016 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150565.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150565.s002


7. Thorne C, Patel DNewell M L (2004) Increased risk of adverse pregnancy outcomes in HIV-infected
women treated with highly active antiretroviral therapy in Europe. Aids 17: 2337–9

8. Ekouevi D K, Coffie P A, Becquet R, Tonwe-Gold B, Horo A, Thiebaut R, et al. (2008) Antiretroviral ther-
apy in pregnant women with advanced HIV disease and pregnancy outcomes in Abidjan, Cote d'Ivoire.
Aids 14: 1815–20

9. Nielsen-Saines K, Komarow L, Cu-Uvin S, Jourdain G, Klingman K L, Shapiro D E, et al. (2012) Infant
outcomes after maternal antiretroviral exposure in resource-limited settings. Pediatrics 6: e1525–32

10. Olagbuji B N, Ezeanochie M C, Ande A B, Oboro V O (2010) Obstetric and perinatal outcome in HIV
positive women receiving HAART in urban Nigeria. Arch Gynecol Obstet 6: 991–4

11. Dola C P, Khan R, DeNicola N, Amirgholami M, Benjamin T, Bhuiyan A, et al. (2011) Combination anti-
retroviral therapy with protease inhibitors in HIV-infected pregnancy. J Perinat Med 1: 51–5

12. Watts D HL Mofenson M (2012) Antiretrovirals in pregnancy: a note of caution. J Infect Dis 11: 1639–
41

13. Alemu, Mazengia F, Yalew, Worku A, Fantahun Mesganaw (2013) Antiretroviral therapy and preg-
nancy outcomes in developing countries: A systematic review. International Journal 1: 31–43

14. Darak S, Darak T, Kulkarni S, Kulkarni V, Parchure R, Hutter I, et al. (2013) Effect of highly active antire-
troviral treatment (HAART) during pregnancy on pregnancy outcomes: experiences from a PMTCT pro-
gram in western India. AIDS Patient Care STDS 3: 163–70

15. Sturt A S, Dokubo E KSint T T (2010) Antiretroviral therapy (ART) for treating HIV infection in ART-eligi-
ble pregnant women. Cochrane Database Syst Rev 3: CD008440 doi: 10.1002/14651858.CD008440
PMID: 20238370

16. Papp E, Mohammadi H, Loutfy M R, Yudin M H, Murphy K E, Walmsley S L, et al. (2015) HIV protease
inhibitor use during pregnancy is associated with decreased progesterone levels, suggesting a poten-
tial mechanism contributing to fetal growth restriction. J Infect Dis 1: 10–8

17. Patel K, Shapiro D E, Brogly S B, Livingston E G, Stek A M, Bardeguez A D, et al. (2010) Prenatal prote-
ase inhibitor use and risk of preterm birth among HIV-infected women initiating antiretroviral drugs dur-
ing pregnancy. J Infect Dis 7: 1035–44

18. Powis KM, Kitch D, Ogwu A, Hughes MD, Lockman S, Leidner J, et al. (2011) Increased risk of preterm
delivery among HIV-infected women randomized to protease versus nucleoside reverse transcriptase
inhibitor-based HAART during pregnancy. J Infect Dis 4: 506–14

19. Dos Reis H L, Kda S Araujo, Ribeiro L P, Da Rocha D R, Rosato D P, Passos M R, et al. (2015) Preterm
birth and fetal growth restriction in HIV-infected Brazilian pregnant women. Rev Inst Med Trop Sao
Paulo 2: 111–20

20. Chen J Y, Ribaudo H J, Souda S, Parekh N, Ogwu A, Lockman S, et al. (2012) Highly active antiretrovi-
ral therapy and adverse birth outcomes among HIV-infected women in Botswana. J Infect Dis 11:
1695–705

21. Briand N, Mandelbrot L, Le Chenadec J, Tubiana R, Teglas J P, Faye A, et al. (2009) No relation
between in-utero exposure to HAART and intrauterine growth retardation. Aids 10: 1235–43

22. Phiri K, Williams P L, Dugan K B, Fischer M A, Cooper WO, Seage G R 3rd, et al. (2015) Antiretroviral
Therapy Use During Pregnancy and the Risk of Small for Gestational Age Birth in a Medicaid Popula-
tion. Pediatr Infect Dis J 7: e169–75

23. Van der Merwe K, Hoffman R, Black V, Chersich M, Coovadia A, Rees H (2011) Birth outcomes in
South African women receiving highly active antiretroviral therapy: a retrospective observational study.
J Int AIDS Soc: 42 doi: 10.1186/1758-2652-14-42 PMID: 21843356

24. Young S, Murray K, Mwesigwa J, Natureeba P, Osterbauer B, Achan J, et al. (2012) Maternal nutritional
status predicts adverse birth outcomes among HIV-infected rural Ugandan women receiving combina-
tion antiretroviral therapy. PLoS One 8: e41934

25. Browne J L, Schrier V J, Grobbee D E, Peters S A, Klipstein-Grobusch K (2015) HIV, Antiretroviral
Therapy, and Hypertensive Disorders in Pregnancy: A Systematic Review and Meta-analysis. J Acquir
Immune Defic Syndr 1: 91–8

26. Aaron E, Bonacquisti A, Mathew L, Alleyne G, Bamford L P, Culhane J F (2012) Small-for-gestational-
age births in pregnant women with HIV, due to severity of HIV disease, not antiretroviral therapy. Infect
Dis Obstet Gynecol:

27. AckermanW tJ Kwiek J (2013) Role of the placenta in adverse perinatal outcomes among HIV-1 sero-
positive women. J Nippon Med Sch 2: 90–4

28. Ndirangu J, Newell M L, Bland R M, Thorne C (2012) Maternal HIV infection associated with small-for-
gestational age infants but not preterm births: evidence from rural South Africa. Hum Reprod 6: 1846–
56

Pregnancy; Antiretroviral Drugs; Preterm Birth; Low Birth Weight; Cameroon

PLOS ONE | DOI:10.1371/journal.pone.0150565 March 21, 2016 9 / 10

http://dx.doi.org/10.1002/14651858.CD008440
http://www.ncbi.nlm.nih.gov/pubmed/20238370
http://dx.doi.org/10.1186/1758-2652-14-42
http://www.ncbi.nlm.nih.gov/pubmed/21843356


29. Turner A N, Tabbah S, Mwapasa V, Rogerson S J, Meshnick S R, AckermanW E t, et al. (2013) Sever-
ity of maternal HIV-1 disease is associated with adverse birth outcomes in Malawian women: a cohort
study. J Acquir Immune Defic Syndr 4: 392–9

30. Marazzi M C, Palombi L, Nielsen-Saines K, Haswell J, Zimba I, Magid N A, et al. (2011) Extended ante-
natal use of triple antiretroviral therapy for prevention of mother-to-child transmission of HIV-1 corre-
lates with favorable pregnancy outcomes. Aids 13: 1611–8

31. Sibiude J, Warszawski J, Blanche S (2015) Tolerance of the newborn to antiretroviral drug exposure in
utero. Expert Opin Drug Saf 5: 643–54

32. Tchetgen Tchetgen E J, Phiri K, Shapiro R (2015) A Simple Regression-based Approach to Account for
Survival Bias in Birth Outcomes Research. Epidemiology 4: 473–80

Pregnancy; Antiretroviral Drugs; Preterm Birth; Low Birth Weight; Cameroon

PLOS ONE | DOI:10.1371/journal.pone.0150565 March 21, 2016 10 / 10


