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Abstract

Objective—To examine the association between maternal HIV infection and pregnancy 

outcomes controlling for potential confounding factors among a cohort of HIV-uninfected and 

HIV-infected pregnant women in Dar es Salaam, Tanzania.

Design—Prospective cohort study.

Methods—A cohort of 1078 HIV-infected and 502 HIV-uninfected pregnant women between 12 

and 27 weeks of gestation were enrolled and followed up until delivery. Multiple regression 

models were used to compare the risk of adverse pregnancy outcomes among HIV-uninfected 

women with those among HIV-infected women overall, and separately among asymptomatic or 

symptomatic HIV-infected women.

Results—No significant differences between HIV-uninfected women and HIV-infected women 

were observed in risks of fetal loss or low birthweight or in the weight, head circumference and 

gestational age of infants at birth. HIV-infected women were more likely to have severe immature 

infants (<34 weeks) than HIV-uninfected women (multivariate RR 1.54 [95% CI 0.90–2.48]; P = 

0.05). There was a significantly higher risk of low birthweight (RR 2.29, 95% CI 1.34–3.92; P = 

0.03) and prematurity (<37 weeks) (RR 1.93, 95% CI 1.35–2.77; P = 0.0003) among symptomatic 

HIV-infected women when compared with HIV-uninfected women.
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Conclusion—HIV-infected women, particularly those who are symptomatic, are at a higher risk 

of adverse pregnancy outcomes.

INTRODUCTION

HIV-1 infection is a major public health problem in developing countries, particularly in 

sub-Saharan Africa and South and Southeast Asia. According to the June 2000 UNAIDS 

AIDS epidemic update, 24.5 million of the world’s 34.3 million HIV-infected people live in 

sub-Saharan Africa. About 12.9 million infected women aged 15 to 49 years are from this 

region 1. A large volume of literature addressing HIV infection in women has provided 

conflicting reports on the association between HIV infection and pregnancy outcomes2–15. 

Factors such as differences in clinical settings, methodological quality of the studies, and 

study population characteristics could be responsible for the discrepancy in the reported 

associations. Many of the studies conducted on this topic are limited either because of the 

lack of an appropriate control group, relatively small sample size, or because of failure to 

control for factors such as health habits, co-infections, stage of HIV disease, nutritional and 

other potential confounding variables. In these published studies it was not possible to 

examine whether the stage of maternal HIV disease modified the association with pregnancy 

outcomes. In a recent meta-analysis based on 31 prospective studies, the estimated 

magnitudes of association between HIV infection and perinatal outcomes were modest16. 

The authors suggested that a more complete control for confounding factors might have 

eliminated the observed associations and called for further examination of this question 

using large prospective studies with more complete assessment of such factors.

It is the aim of this paper to first determine whether HIV infection does have an effect on 

pregnancy outcome. The biological mechanisms for HIV as a cause of adverse pregnancy 

outcomes are not clear. However, it is possible that low CD4 count may result in an increase 

in fetal infection and intrauterine growth restriction. High viral load in the mother is also 

likely to increase the risk of transmission to the baby, thus resulting in low birth-weight and 

other adverse outcomes.

In this report, we examined the association between maternal HIV infection and pregnancy 

outcomes, overall and within maternal disease stage, by controlling for potential 

confounding due to socio-demographic, socioeconomic, sexual, reproductive and 

anthropometric factors, among a well-characterised cohort of HIV-infected (n = 540) and 

HIV-uninfected (n = 502) pregnant women in Dar es Salaam, Tanzania.

METHODS

Study population and design

About 12.2 million Sub-Saharan African women, aged 15 to 49 years, are infected with 

HIV1. In this area, HIV-1 prevalence in women is highest in the peak of childbearing years. 

In Tanzania the prevalence of HIV infection among pregnant women ranges from 7.3% to 

44% in rural areas and 22% to 36% in urban areas17. Tanzania has a gross national product 

(GNP) per capita of US$210.00 and an average annual expenditure per person for health 

care of US$4.00. Fifty percent of Tanzanians live below the locally defined poverty line and 
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36% live in abject poverty. Private health services are rare and unaffordable for the general 

population, thus more than 90% of Tanzanians seek health care in the public sector. There is 

high coverage of antenatal services across the country and in Dar es Salaam more than 85% 

of pregnant women seek antenatal care by 12 to 27 weeks of gestation. Antenatal clinics thus 

provide the most readily accessible, cross section of healthy sexually active women in the 

general population and have become the most common site for sentinel surveillance of HIV 

and other sexually transmitted diseases (STDs).

Between April 1995 and July 1997 a cohort consisting of pregnant women between 12 and 

27 weeks of gestation who were infected and uninfected with HIV-1 was enrolled. The HIV-

infected group was part of a randomised trial to examine the efficacy of vitamin supplements 

on HIV transmission and progression among pregnant women while the HIV-uninfected 

group was part of a psychosocial study. For our study 14,049 pregnant women between 12 

and 27 weeks of gestation and receiving prenatal care at four prenatal care sites (e.g. 

Temeke, Mwanayamala and Ilala hospitals and Mwenge Clinic in Dar es Salaam) received 

information about the study and were asked to participate. After HIV pre-test counselling 

13,781 women gave verbal informed consent for HIV testing. Ninety-nine percent of the 

women returned to the clinic to receive their HIV results and of these, 61% consented to 

participate in the studies. HIV-1 prevalence was 13.1%. Criteria for participation in the study 

included intention to reside in Dar es Salaam until delivery and for at least 18 months 

thereafter. Recruitment and enrolment occurred simultaneously at all sites. The women 

infected with HIV (n = 1078) were enrolled at the four prenatal care sites (Temeke, 

Mwanayamala and Ilala hospitals and the Mwenge clinic) while the HIV-uninfected women 

(n = 502) were enrolled at the Mwanayamala clinic only.

Details of the randomised trial among HIV-infected women have been published 

elsewhere18. Similar recruitment and assessment procedures were used among HIV-infected 

and HIV-uninfected women. Consenting HIV-infected women were randomised in a 

placebo-controlled study to examine the efficacy of vitamin supplementation on pregnancy 

outcomes. The women were randomised to receive daily doses of one of four regimens: 272 

were given vitamin A (30mg beta-carotene plus 5000iu of preformed vitamin A); 270 were 

given multivitamins excluding vitamin A (20mg B1, 20mg B2, 25mg B6, 100mg niacin, 

50mg B12, 500mg C, 30mg E, and 0.8mg folic acid); 268 were given multivitamins 

including vitamin A; and 268 were given a placebo. HIV-infected and uninfected women 

received daily doses of ferrous sulphate and folate tablets, and weekly prophylactic 

chloroquine phosphate, as per standard prenatal care.

At inclusion into the study, trained interviewers administered a standardised questionnaire to 

collect information about socio-demographic characteristics; sexual behaviour; 

gynaecological and medical history; contraceptive use; sexually transmitted diseases; and 

obstetric history. Laboratory tests for sexually transmitted diseases (syphilis, gonorrhoea, 

trichomoniasis), intestinal parasites and malaria were done; women with evidence of 

sexually transmitted diseases or parasitism were given the appropriate medical treatment in 

accordance with the guidelines of the Tanzania Ministry of Health. Counts of CD4, CD8 and 

CD3 T-lymphocyte were done on all HIV-infected women and a sub-sample of HIV-

uninfected women (n = 198). HIV-infected women had a detailed clinical assessment at 
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baseline, which we used for assignment of HIV disease stage using the WHO staging 

system19. At delivery, midwives recorded the newborn’s survival status and anthropometric 

measurements. Anthropometric measurements included birth-weight to the nearest 10g, and 

length and head circumference to the nearest 0.1cm.

As part of their participation in the trial, HIV-infected women were followed monthly during 

pregnancy and after delivery for at least a year at the study clinic at Muhimbili Medical 

Centre. At monthly follow up patients received appropriate routine antenatal care at which 

time symptomatic cases of STDs, malaria and other infectious diseases were laboratory 

diagnosed and appropriately treated. Women who missed their monthly appointments were 

visited at home. HIV-uninfected women were encouraged to continue attending antenatal 

care regularly at Mwanayamala and were examined at 36 weeks of gestation and at delivery. 

For women in both groups who left Dar es Salaam, we collected information on the outcome 

of pregnancy from their relatives and neighbours.

Laboratory tests were done at the Muhimbili Medical Centre laboratories. Sera from all 

women were screened for HIV-1 antibodies by enzyme-linked immunosorbent assay 

(Wellcozyme, Murex Biotech Ltd, Dartford, UK). Confirmatory Western blot analysis was 

done on all the enzyme-linked immunsorbent assay positive sera (BioRad Laboratories Ltd, 

Hertfordshire, UK). Absolute T-lymphocyte counts of CD4, CD8 and CD3 were performed 

using the FACScount system (Becton Dickinson, San Jose, California, USA) or the 

FACScan system (Becton Dickinson, San Jose, California, USA). Syphilis tests were done 

using standard laboratory procedures of venereal disease research laboratory test (Murex 

Biotech, Dartford, UK) and Treponema pallidum haemagglutination assay (Fujirebio Inc, 

Tokyo, Japan). Standard laboratory procedures were used to test endocervical and high 

vaginal swabs for Neisseria gonorrhoea, Candida albicans and Trichomonas vaginalis.

Statistical analyses

The study endpoints included the occurrence of fetal loss (defined as either miscarriage or 

stillbirth). A miscarriage was defined as delivery before 28 completed weeks of gestation. A 

stillbirth was defined as delivery of a dead baby at or after 28 completed weeks of gestation. 

We also examined the following endpoints: low birthweight (<2500g), severe low 

birthweight (<2000g), prematurity (<37 completed weeks of gestation at birth), severe 

prematurity (<34 completed weeks of gestation at birth). The following continuous 

endpoints were examined: weight, length and head circumference of infants at birth.

We previously reported that among HIV-infected women, multivitamins significantly 

reduced the risk of the adverse pregnancy outcomes that were examined in the paper18. Thus 

HIV-infected women who received multivitamins were excluded and only HIV-infected 

women who did not receive multivitamins are included in the analyses. Twins were excluded 

from the analyses of birthweight, length, or head circumference. If either twin was a fetal 

loss, we took that pregnancy to have had that outcome. The two-sample Wilcoxon rank sum 

test (for continuous variables) and χ2 test (for categorical variables) were used to compare 

the socio-demographic and background characteristics of the HIV-uninfected women to 

HIV-infected women. To assess the association between HIV status and categorical 

outcomes we estimated the relative risks and their 95% confidence intervals by binomial 
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regression with the log link function. Linear regression was used to examine the mean 

difference in the birth outcomes measured by continuous variables, and the robust variance 

was used to compute the confidence interval20. Observations with missing values were 

retained in the analyses by the use of the missing indicator method21. Multiple regression 

models assessed the independent relations of the endpoint after adjusting for potential 

confounding by socio-economic and demographic characteristics (including those of the 

partner), presence of infections during current pregnancy (STDs and malaria), medical 

history (STDs, including those of the partner, tuberculosis, hypertension, eclampsia and 

smoking), obstetric and reproductive characteristics (type of delivery), sexual behaviours 

(number of sexual partners in the last five years, age at first pregnancy and contraceptive 

use), signs and symptoms indicative of STDs (genital ulcer, genital itch, foul genital smell 

and abnormal genital discharge), and anthropometric measurements at enrolment. Covariates 

for inclusion in final linear or binomial regression models were selected using a stepwise 

approach with P ≤ 0.2 level as the criterion for inclusion. A value of P ≤ 0.05 was used to 

define statistical significance.

We compared the risk of categorical outcomes and continuous measurements among HIV-

uninfected women with HIV-infected women who had not received multivitamins. We 

investigated the presence of a recruitment centre effect on birth outcomes by comparing 

pregnancy outcomes among HIV-infected women from the four centres. Since there was no 

significant difference among the centres, they were pooled together and presented as a single 

group. We also assessed whether birth outcomes of HIV-infected women were modified by 

HIV disease stage: HIV-uninfected women were compared with two groups of HIV-infected 

women, namely asymptomatic (WHO Stage 1), and symptomatic (WHO Stages 2 or higher) 

women. We also assessed whether birth outcomes of HIV-infected women were modified by 

baseline CD4 cell count in five strata (<200 × 106 cells/L, 200–499 × 106 cells/L, ≥500 × 

106 cells/L, <350 × 106 cells/L, ≥350 × 106 cells/L). Data were analysed using the Statistical 

Analysis Software (SAS Institute Inc, Cary, North Carolina, USA).

The study protocol was approved by the Research and Publication Committee of Muhimbili 

University College of Health Sciences, the Ethical Committee of the National AIDS Control 

Programme of the Tanzanian Ministry of Health, and the Institutional Review Board of the 

Harvard School of Public Health.

RESULTS

Of the 1078 HIV-infected women enrolled in the study, 540 did not receive multivitamins. 

Of the 540 HIV positive women, four died before delivery, 14 were lost to follow up before 

delivery, and the remaining 522 women (96.7%) had known pregnancy outcomes. Of the 

502 HIV-uninfected women, one died before delivery, 16 were lost before delivery and the 

remaining 485 women (96.6%) had known pregnancy outcomes. Irrespective of HIV status, 

women with known pregnancy outcomes had the same socio-demographic, socio-economic 

and background obstetric characteristics as the overall sample. Socio-economically, HIV-

infected women did not differ from HIV-uninfected women and socio-economic status was 

representative of that of women in the general population. Both groups of women spent a 

median of 1500 Tanzanian shillings (US$1.99) per day on food with a median of three 
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persons eating (i.e. 500 (US$0.66) Tanzanian shillings per person per day). Of the HIV-

infected women, 75.2% were totally supported, 23.9% partially supported and the remaining 

0.99% had selfsupport. Of the HIV-uninfected, 78.2% were totally supported and 21.8% 

were partially supported. Background socio-demographic and obstetric characteristics of the 

HIV-uninfected and HIV-infected women for whom pregnancy outcomes were known are 

presented in Table 1. Since some women were delivered at home (3.6%) or other medical 

facility other than our follow up site (1.7%), or other facilities other than a medical facility 

(2.88%), we could not ascertain all of the dates of pregnancy outcomes and anthropometric 

measurements at birth. However, irrespective of HIV status, women with known and 

unknown dates of pregnancy outcome and anthropometric measures at birth had the same 

sociodemographic, socio-economic, background obstetric characteristics as the original 

sample. The date of pregnancy outcomes could be ascertained for 501 singleton pregnancies 

among HIV-infected women (98.6%) and 485 singleton pregnancies among HIV-uninfected 

women (100%).

The mean gestational age at enrolment was 18 weeks (standard deviation 3.2) for HIV-

infected women and 18.8 weeks (SD 3.1) for HIV-uninfected women. HIV-infected women 

had 14 (2.7%) sets of twins, while HIV-uninfected women had 17 (3.5%) sets. The HIV-

infected women were significantly older than HIV-uninfected women with mean ages of 

24.6 years (SD 4.9) and 22.5 years (SD 4.9), respectively (P < 0.001). The percentage of 

women with one or more previous pregnancies was significantly higher in HIV-infected 

women (73.3%), than HIV-uninfected women (47.7%) (P = 0.001). HIV-infected women did 

not differ significantly from HIV-uninfected women in terms of education and marital status. 

HIV-infected women were more likely to have reported history of STDs in the previous five 

years than HIV-uninfected women (19.2% versus 4.5%, respectively, P = 0.001). Similarly, 

HIV-infected women were more likely to present symptoms suggestive of STDs (34.3%) 

than HIV-uninfected women (14.7%) (P = 0.001). Compared with HIV-uninfected women, 

HIV-infected women were significantly more likely to have a history of tuberculosis (P = 

0.002) and a significantly lower mean CD4 cell count at the time of enrolment (P < 0.001).

The frequency and basic data on pregnancy outcomes are presented in Table 2 while Tables 

3 and 4 present the association between HIV-1 and pregnancy outcomes. There was no 

significant association between maternal HIV status and fetal loss. HIV-infected women had 

51 fetal losses (9.8%), while HIV-uninfected women had 42 fetal losses (8.7%). When we 

compared HIV-uninfected women with HIV infected women, there was no significant 

difference in the risk of fetal loss between the two groups of women (RR 0.84, 95% CI 

0.52–1.37; P = 0.49). There were no statistically significant relationships between maternal 

HIV status and the risks of stillbirth or miscarriage.

HIV-infected women had 471 live births (90.2%) (including 11 sets of twins) while HIV-

uninfected women had 443 live births (91.3%) (including 12 sets of twins). Among the live 

born singleton infants, birth-weights were available for 421 infants (91.5%) born to HIV-

infected women and 367 infants (85.2%) born to HIV-uninfected women. Among HIV-

infected women, 15.2% had low birthweight infants compared with 14.7% of the HIV-

uninfected women (RR = 1.25, 95% CI 0.88–1.79; P = 0.21). There was no significant 

association between maternal-HIV status and severe low birthweight infants (RR = 1.23, 
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95% CI 0.64–2.35; P = 0.54) (Table 3). There was no mean difference in birthweight of 

infants born to the HIV-infected women compared with HIV-uninfected women (mean 

difference 19.2g, 95% CI −56.4–94.8; P = 0.62) (Table 4).

Gestational age at birth was known for 496 infants (95.0%) born to HIV-infected women and 

412 infants (95.6%) born to HIV-uninfected women (Fig. 1). There was no significant 

association between maternal-HIV status and the gestational age of the infants at birth. 

There were 114 preterm births (27.1%) among HIV-infected women and 102 preterm births 

(24.8%) among HIV-uninfected women. The relative risk for having a preterm birth was 

1.11 (95% CI 0.87–1.42; P = 0.39) for HIV-infected women compared with HIV-uninfected 

women. However, HIV-infected women compared with HIV-uninfected women, had a 

higher risk of severe preterm birth (RR 1.54, 95% CI 0.90–2.48; P = 0.05).

Birth lengths were known for 347 infants (66.5%) born to HIV-infected women and 275 

infants (62.1%) born to HIV-uninfected women. Head circumferences were known for 353 

infants (67.6%) born to HIV-infected women and 275 infants (62.1%) born to HIV-

uninfected women. There was no significant multivariate mean difference in head 

circumference of the infants born to HIV-infected women compared with HIV-uninfected 

women.

We compared the occurrence of adverse pregnancy outcomes between asymptomatic or 

symptomatic HIV-infected and HIV-uninfected women. The incidence of adverse pregnancy 

outcomes was not different between asymptomatic HIV-infected women and HIV-uninfected 

women. However, compared with HIV-uninfected women, HIV-infected women who were 

in Stage 2 or higher according to the WHO staging system had a significantly higher risk of 

low birthweight (multivariate, RR 2.29, 95% CI 1.34–3.93; P = 0.03) and prematurity (RR 

1.93, 95% CI 1.35–2.77; P = 0.0003) (Table 5).

DISCUSSION

Our findings suggest that while overall there was no association between HIV infection and 

fetal loss, low birthweight or low birthweight full term infants. Severe prematurity occurred 

more among infected women compared with uninfected women. When HIV-infected women 

were categorised according to HIV disease stage, greater risks of low birthweight and 

prematurity were observed among symptomatic HIV-infected women when compared with 

HIV-uninfected women. Similar studies conducted in other regions of sub-Saharan Africa 

(e.g. Rwanda4,7, Kenya5,6, Zambia3, Congo8 and Malawi9) have found HIV-1 infection to be 

generally associated with adverse pregnancy outcomes of low birthweight, prematurity and 

intrauterine growth retardation, while we found HIV-1 infection to be significantly 

associated with adverse pregnancy outcomes of low birthweight and prematurity among 

symptomatic HIV-infected women only.

The association between maternal HIV infection and pregnancy outcomes was examined in 

several studies. In their meta-analysis of these studies, Brocklehurst and French16 reported 

that a modest relationship was found between HIV infection and fetal loss, low birthweight 

and prematurity. However, they suggested that these findings might have resulted from 
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inadequate adjustment for confounding variables. In this study we do not find HIV infection 

to be associated with fetal loss, and we found low birthweight and prematurity to be 

associated with symptomatic HIV infection only. A major strength of this study is its large 

sample size of pregnant women, low loss to follow up, and ability to adjust for several 

potential confounders of the relationships that were examined. For example, sexually 

transmitted diseases have been shown to be associated with low birthweight and immature 

infants and are more likely to occur among HIV-infected women 4,6,7,9,22,23. We minimised 

confounding by STDs by controlling for the number of sexual partners, age at first sexual 

intercourse, number of previous pregnancies, as well as more direct proxy indicators for 

current STDs including history of STDs among women and their sexual partners and 

symptoms of STDs during pregnancy. We also adjusted for malaria that has been shown to 

be associated with adverse pregnancy outcomes among HIV-infected women7,9,24. Another 

confounder that we considered was socio-economic status, which is associated with adverse 

pregnancy outcomes25 and likely to be related to HIV status as well. To control for this 

potential, we included the following variables in our multivariate analyses: education, 

occupation, marital status, the amount of money spent on food per day, and the number of 

persons eating from the money spent on food per day. Efforts were also made to control for 

other pregnancy complications which may adversely affect pregnancy outcomes, such as 

types of delivery, hypertension and eclampsia.

In addition, we recruited women early in the prenatal period (12 to 27 weeks of gestation) 

thus allowing for the possibility of examining miscarriages as an outcome. Adverse 

pregnancy outcome of fetal loss, that is miscarriage or stillbirths, was similar among HIV-

uninfected women and HIV-infected women regardless of the stage of HIV disease among 

women who were infected with HIV. Also there was no difference in full term low birth-

weight infants among HIV-infected and uninfected women. There maybe be some other 

causative factor to fetal loss and full term low birthweight infants, rather than HIV infection 

per se, in this population. Micronutrient deficiency is a major public health problem in 

pregnant women, particularly in developing countries, and this deficiency has an adverse 

impact on pregnancy outcomes regardless of HIV status26–32. Maternal micronutrient 

deficiency may be the major role player in the adverse pregnancy outcome of fetal loss and 

full term low birthweight infants observed in this cohort of pregnant women infected and 

uninfected with HIV. We found that in this population, women who were infected with HIV 

and who received multivitamins experienced significantly less fetal losses, stillbirths, low 

birthweight and full term low birthweight infants, compared with HIV-uninfected women. 

Also previous findings show that HIV-infected women who received multivitamins 

experienced less fetal losses, low birthweight, severe preterm birth and small for gestational 

age at birth compared with HIV-infected women who did not receive multivitamins18.

The detailed clinical assessment of women in our study at baseline afforded us the 

opportunity to examine the relationships between HIV-uninfected women separately with 

symptomatic or asymptomatic HIV-infected women. We observed that compared with HIV-

uninfected women, HIV-infected women who were in Stage 2 or higher according to the 

WHO staging system had significantly higher risk of low birthweight and immature infants. 

This finding is in accord with the results of the meta-analyses that reported an apparently 

stronger association between HIV infection and adverse pregnancy outcomes in studies from 
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developing countries compared with those from developed countries. HIV-infected women 

in developing countries are likely to consist of a higher proportion of women with relatively 

more advanced clinical and immunological stage given the higher prevalence of under-

nutrition and opportunistic infections, and the poorer access to treatment when compared 

with developed countries. These conditions have an adverse impact on pregnancy outcomes 

regardless of HIV status26–32 and may be major players in the adverse pregnancy outcomes 

observed in HIV-infected women, particularly among asymptomatic women.

The biological mechanisms for HIV as a cause of adverse pregnancy outcomes are not clear. 

However, low CD4 count may result in an increase in fetal infection and intrauterine growth 

restriction. High viral load in the mother is also likely to increase the risk of HIV 

transmission to the baby thus resulting in low birthweight and other adverse outcomes. In 

addition a possible explanation for HIV infection, its viral load and the resulting low CD4 

count being a risk factor for adverse pregnancy outcome might be the cumulative 

immunosuppressive effect of the HIV infection and the susceptibility to infections. The 

overall immunosuppressed condition and infective antigen may interfere with the production 

of steroids, hormones and metabolites which are involved in parturition hence triggering the 

onset of labour prematurely.

In conclusion, our findings suggest that HIV-infected women in sub-Saharan Africa, 

particularly those who are symptomatic, are at a higher risk of giving birth to low 

birthweight and immature infants.
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Fig. 1. 
Gestational age at birth and HIV-1 status. ■ HIV-infected; □ HIV-uninfected.
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