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ABSTRACT 

Introduction and aim. Maternal body mass index (BMI) and placental weight are important indicators of 

maternal-fetal health, and their relationship may be influenced by HIV status. This study examined the 

association between antenatal booking BMI and postnatal placental weight among HIV-positive and HIV-

negative pregnant women in Uyo, Nigeria. 

Material and methods. We conducted a retrospective comparative cross-sectional study based on medical 

records review of 143 women (48 HIV-positive, 95 HIV-negative) who attended antenatal care and 

delivered at the University of Uyo Teaching Hospital between December 2015 and May 2016. BMI was 

calculated from early pregnancy weight and height measured at the first antenatal visit; whole placental 

weight was measured post-delivery. Linear regression, adjusted for gestational age, evaluated associations 

between BMI, HIV status, and placental weight. 

Results. Among 143 participants (48 HIV-positive, 95 HIV-negative), mean placental weight was 

significantly lower in HIV-positive women (602.94±174.92 g) compared with HIV-negative women 

(684.53±139.38 g; p=0.012). Gestational age was the strongest predictor of placental weight (p=0.009), 

while HIV infection was independently associated with lower placental weight (p=0.016). BMI was 

positively but not significantly associated with placental weight. 

Conclusion. Antenatal BMI and postnatal placental weight are interrelated, with differing patterns by HIV 

status. These findings underscore the need to integrate routine nutritional assessment and targeted HIV care 

into antenatal programs to support healthy placental growth and improve pregnancy outcomes in high HIV-

prevalence populations. 

Keywords. antenatal care, body mass index, gestational age, HIV in pregnancy, placental weight, sub-

Saharan Africa 

 

Introduction 

The co-occurrence of HIV infection and pregnancy presents significant challenges to maternal and fetal 

health globally.1 HIV-positive pregnant women face unique pathophysiological and socio-demographic 

factors that can influence maternal health outcomes compared to their HIV-negative counterparts.1–16 One 

crucial aspect of maternal health during pregnancy is body mass index (BMI), which reflects nutritional 

status and is linked to various pregnancy outcomes.10,14–18 Although HIV infection alone may not directly 

increase obstetric risks, progression to AIDS and associated opportunistic infections during pregnancy can 

adversely affect outcomes.2–8,13 

Research has consistently shown disparities in BMI and associated factors between HIV-positive and HIV-

negative pregnant women.11,19–31 Bengtson et al. found that both groups experienced weight gain 

postpartum, with HIV-negative women gaining more.19 In another study, they found that pre-pregnancy 

obesity was common and did not vary by HIV status.20 Bodkin et al. reported that, in relation to their body 



 

 
 

weights, HIV-positive pregnant women had lower hemoglobin, attended fewer antenatal appointments, and 

were more likely to present with certain conditions, such as abnormal vaginal discharge and intrauterine 

growth retardation.11 Cruz et al. further highlighted the impact of maternal BMI on infant outcomes, with 

underweight mothers giving birth to smaller infants.25 Likewise, Erasmus et al. found obesity prevalent in 

both HIV-positive and HIV-negative groups, with a significant link to hypertension during pregnancy.31 

Placental weight serves as a proxy for fetal growth capacity and maternal-fetal nutrient exchange, making 

it a useful marker of placental function.18 Variations in placental weight have been associated with adverse 

perinatal outcomes, including intrauterine growth restriction, preeclampsia, and preterm birth.9,11,25 Given 

its predictive value, understanding determinants of placental weight in HIV-affected pregnancies may offer 

critical insights into maternal-fetal health interactions.32–46 

However, the relationship between antenatal booking BMI and postnatal placental weight remains poorly 

understood in resource-limited settings. Uyo, Nigeria, an urban area in Akwa Ibom State with a mixed 

socio-economic profile and high HIV burden, offers a relevant context for this investigation. This study 

addresses that gap, emphasizing the relevance of such findings for localized maternal health interventions 

in sub-Saharan Africa. To our knowledge, this is the first study from Nigeria to examine the combined 

effects of maternal BMI and HIV status on placental weight, with statistical adjustment for gestational age. 

By focusing on a high HIV-burden urban population in Uyo, this work provides region-specific insights 

that may inform context-appropriate antenatal and nutritional interventions. 

 

Aim 

Therefore, this study aims to investigate the relationship between antenatal booking body mass index (BMI) 

and postnatal placental weight among HIV-positive and HIV-negative pregnant women receiving care at 

the University of Uyo Teaching Hospital (UUTH), Nigeria. Specifically, the study examines how HIV 

status influences BMI distribution and placental weight, while also assessing the role of key socio-

demographic factors such as age, education, occupation, and gestational age. Considering the observed high 

burden of maternal obesity and the growing overlap between HIV infection and pregnancy, this study 

further explores whether HIV status modifies the association between maternal BMI and placental weight, 

accounting for potential confounders. By addressing these questions through a gestational age-adjusted 

analytical approach, the study seeks to generate context-relevant evidence that can inform precision-based 

antenatal care and maternal nutrition interventions in high-HIV-burden, resource-limited settings. 

 

Material and methods 

Study design and setting 

We conducted a retrospective review of antenatal and delivery records over a defined six-month period, 

comparing two groups of women based on HIV status (HIV-positive and HIV-negative). This design 



 

 
 

allowed us to evaluate differences in maternal BMI and placental weight between groups at the University 

of Uyo Teaching Hospital (UUTH), Akwa Ibom State, Nigeria, a high HIV-prevalence urban center with 

diverse socio-economic profiles. 

 

Study population and sampling 

All pregnant women who received antenatal care and delivered at the University of Uyo Teaching Hospital 

(UUTH) between December 2015 and May 2016 were eligible. We included women with complete 

antenatal records containing booking weight, height, gestational age at delivery, HIV status, and placental 

weight. Women with missing key data (e.g., absent BMI measurement or unrecorded placental weight) 

were excluded. For each HIV-positive participant, one to two HIV-negative women delivering within the 

same time frame were selected for comparison. 

 

Data collection 

Booking BMI was calculated using weight (kg) and height (m) measured at first antenatal visit by trained 

midwives following hospital protocol, with women in light clothing and without shoes. Placental weight 

was measured by the midwives immediately after delivery, with membranes and cord trimmed at a 

standardized length before weighing using a calibrated digital scale. Data on antiretroviral therapy (ART) 

status (on ART prior to pregnancy, initiated during pregnancy, or ART-naïve) were extracted from antenatal 

records. Further data extracted from antenatal and delivery records included maternal age, education, 

occupation, marital status, blood pressure, HIV clinical stage (WHO criteria), gestational age. BMI was 

calculated as weight (kg)/height² (m²).20,47,48 

 

Data reliability 

Extraction was conducted by trained staff using a standardized template, with cross-checks against antenatal 

and delivery logs to ensure accuracy. 

 

Statistical analysis 

Continuous variables (e.g., BMI, placental weight) were summarized as mean±standard deviation and 

compared between groups using independent-samples t-tests. Categorical variables (e.g., BMI categories, 

education level, ART status) were compared using Chi-square or Fisher’s exact test as appropriate. 

Pearson’s correlation was used to assess associations between normally distributed continuous variables, 

and Spearman’s correlation for non-normally distributed variables. To identify predictors of placental 

weight, we performed multivariable linear regression including BMI, HIV status (binary), and gestational 

age (continuous) as covariates. Interaction terms (BMI × HIV status) were initially tested but retained only 



 

 
 

if statistically significant. Variables were chosen based on biological relevance and results of univariate 

analyses (p < 0.10). Statistical significance was set at p < 0.05. 

Ethical considerations 

Ethical approval for this study was granted by the UUTH Health Research Ethics Committee 

(UUTH/AD/S/96/VOL.XII/115). All patient data were anonymized prior to analysis; due to the 

retrospective nature of the study, individual consent was not required. 

 

Results 

BMI associations with socio-demographic factors 

A total of 143 pregnant women were included in the study: 48 (33.6%) HIV-positive and 95 (66.4%) HIV-

negative. The average age was 29.4±4.6 years. The majority of both HIV-positive (89.5%) and HIV-

negative (88.0%) participants weighed more than 65 kg and had a height above the average reference range 

of 1.56 to 1.62 meters, accounting for 48.6% HIV-positive and 53.2% HIV-negative mothers (Fig. 1).49 

HIV-negative women had significantly higher rates of tertiary education (66.3%) compared to HIV-positive 

women (50.0%, p<0.05). The overall prevalence of obesity (BMI≥30 kg/m²) was 62.2%, with 64.5% in 

HIV-negative and 58.8% in HIV-positive groups; with a non-significant p =0.616. Civil/public service was 

more common among HIV-positive women (40.0%), while HIV-negative women exhibited greater 

occupational diversity; with a significant p-value of 0.014. Obesity was also common among traders 

(24.2%) and civil/public servants (24%), though the association was not statistically significant (p=0.594). 

Marriage predominated in both groups (95.7% HIV-positive, 98.9% HIV-negative), again with obesity 

being most common; with a non-significant p=0.542 (Table 1).  

 

 

Fig. 1. Distribution of maternal BMI categories according to WHO classification (normal < 25 kg/m², 

overweight 25–29.9 kg/m², obese ≥ 30 kg/m²) among HIV-negative (n=95) and HIV-positive (n=48) 

pregnant women, data are shown as percentages (%) 

 



 

 
 

Distribution/correlation of BMI and placental weight by HIV status 

The mean BMI was slightly lower in HIV-positive women (31.65±6.47 kg/m²) compared to HIV-negative 

women (32.30±6.38 kg/m²); with a non-significant p-value of 0.627. Similarly, the mean placental weight 

was lower in HIV-positive (602.94±174.92 g) than in HIV-negative women (684.53±139.38 g); with a 

significant p =0.012 (Table 1). Most participants had placental weights above 540 g, especially in obese 

women (Fig. 2; see Table 1 for subgroup details). Also, across all placental weight categories, a weak 

positive correlation between BMI and placental weight was generally observed. In HIV-negative women, 

the positive association appeared slightly stronger, particularly in the normal and high placental weight 

groups. Conversely, among HIV-positive women, the correlation was less pronounced (Fig. 3). Overall, 

there is a weak positive correlation (r=0.17) between maternal body mass index (BMI) and placental weight. 

These patterns indicate that HIV status may influence how maternal BMI affects placental development, 

especially across different weight categories. Among HIV-positive mothers, most were in Stage 1 HIV 

(66.7%), followed by Stage 2 (27.1%), Stage 3 (2.1%), and Stage 4 (4.2%). Mean placental weight was 

highest in Stage 1 (604.69±174.76 g), followed by Stage 2 (569.23±177.41 g), Stage 3 (550.00 g; n=1), and 

Stage 4 (450.00±141.42 g; n=2). BMI was also highest in Stage 2 (32.55±12.28 kg/m²) and lowest in Stage 

3 (28.91 kg/m²; n=1). Regarding ART status, 89.6% of HIV-positive mothers were on ART before 

pregnancy, with a mean placental weight of 593.02±177.14 g and mean BMI of 31.70±6.56 kg/m². Those 

not on ART before pregnancy (10.4%) had a lower mean placental weight (540.00±129.42 g) and mean 

BMI of 29.97 kg/m². These patterns suggest modest differences in placental weight and BMI across HIV 

stages and ART categories, though subgroup sizes, particularly for Stages 3 and 4, were small (Table 1). 

 

Table 1. Maternal characteristics, BMI categories, and placental weight by HIV statusa 

Variable HIV-negative (n=94) HIV-positive (n=48) p 

Age (years), mean±SD 29.00±4.36 30.23±4.32 0.102 

Tertiary education, n (%) 61 (64.9) 23 (47.9) 0.048† 

Occupation – civil/public service, n (%) 28 (29.8) 10 (20.8) 0.238 

BMI (kg/m²), mean±SD 32.46±6.50 31.65±6.47 0.521 

BMI categories, n (%) 
  

0.616 

– Normal weight 9 (9.6) 3 (6.3) 
 

– Overweight 19 (20.2) 12 (25.0) 
 

– Obese 48 (51.1) 19 (39.6) 
 

Placental weight (g), mean±SD 678.83±137.58 587.50±172.44 0.004‡ 

Placental weight > 540 g, n (%) 82 (87.2) 31 (64.6) 0.006‡ 

HIV stage 1, n (%) – 32 (66.7) – 



 

 
 

Mean placental weight (g) by HIV stage – Stage 1: 604.69±174.76 

Stage 2: 569.23±177.41 

Stage 3: 550.00 

Stage 4: 450.00±141.42 

0.632 

Mean BMI (kg/m²) by HIV stage – Stage 1: 31.55±4.86 

Stage 2: 32.55±12.28 

Stage 3: 28.91 

Stage 4: – 

0.867 

On ART before pregnancy, n (%) – 43 (89.6) – 

Mean placental weight (g) by ART status – Yes: 593.02±177.14 

No: 540.00±129.42 

0.439 

Mean BMI (kg/m²) by ART status – Yes: 31.70±6.56 

No: 29.97 

NA 

a † ‒ p<0.05, ‡ ‒ p<0.01, NA ‒ not applicable, Statistical comparison not possible due to insufficient sample size in the No 

ART group, BMI categories: normal weight (<25 kg/m²), overweight (25–29.9 kg/m²), obese (≥30 kg/m²), HIV stage 

defined per WHO clinical staging at antenatal booking, ART status reflects documented use before current pregnancy, p-

values based on Chi-square tests (categorical) or independent-samples t-test (continuous) 

 

Fig. 2. Distribution of placental weight categories (≤ 540 g, > 540 g) among HIV-negative (n=95) and HIV-

positive (n=48) pregnant women, data are presented as percentages (%), Chi-square p=0.006 

 



 

 
 

 

Fig. 3. Grouped correlation heatmaps showing Pearson’s correlation coefficients between maternal BMI 

(kg/m²) and placental weight (g), stratified by HIV status (HIV-positive: n=48; HIV-negative: n=95) and 

placental weight categories (<400 g, 400–600 g, >600 g), darker shades represent stronger positive 

correlations, whereas lighter shades represent weaker or negative correlations 

 

Correlation of BMI with obstetrics/clinical variables 

The relationship between maternal BMI and pregnancy loss indicators was examined separately for HIV-

positive and HIV-negative women. In HIV-positive mothers, BMI demonstrated a weak inverse correlation 

with prior spontaneous miscarriage (r=-0.206, p=0.242), and a moderate inverse correlation with the 

number of induced abortions (Spearman’s rho=-0.341, p=0.048), indicating that higher BMI may be 

associated with fewer reported induced abortions in this group. Among HIV-negative women, BMI showed 

a weak positive correlation with spontaneous miscarriage (r=0.210, p=0.069), which approached statistical 

significance, suggesting a possible trend towards increased miscarriage risk with higher BMI. The 

correlation between BMI and number of induced abortions in HIV-negative women was not statistically 

significant (Spearman’s rho=0.145, p=0.212). These findings suggest differential associations between 

BMI and reproductive history based on HIV status, with significant implications for maternal risk profiling 

and antenatal care (Fig. 4). Furthermore, correlation analyses revealed a significant positive association 

between BMI and systolic blood pressure in HIV-negative women (r=0.591, p=0.020), but not in HIV-

positive women (r=-0.111, p=0.859). Diastolic blood pressure in HIV-positive women showed a weak 

negative correlation with BMI (r=-0.584, p=0.302). Hence, no significant differences were observed in 

diastolic pressure (Fig. 5).  



 

 
 

 

 

Fig. 4. Correlation coefficients (r) between maternal BMI (kg/m²) and pregnancy loss parameters 

(spontaneous miscarriage and induced abortion), stratified by HIV status (HIV-negative: n=95; HIV-

positive: n=48), positive values represent direct associations, while negative values indicate inverse 

associations 

 

 

Fig. 5. Scatter plots showing the association between maternal BMI (kg/m²) and blood pressure (mmHg) 

stratified by HIV status (HIV-positive: n=48; HIV-negative: n=95), panels display systolic (left column) 



 

 
 

and diastolic (right column) blood pressure, dashed regression lines represent HIV-positive participants, 

and solid lines represent HIV-negative participants 

 

BMI, HIV status, and placental weight regression and subgroup analyses 

To evaluate the independent associations between maternal BMI, HIV status, and placental weight, an 

ordinary least squares (OLS) regression was performed. The main regression model revealed that HIV-

positive status was significantly associated with lower placental weight (β=-79.07, p=0.012), while 

maternal BMI showed a positive but non-significant association (β=3.90, p=0.087). The model explained 

approximately 8.6% of the variance in placental weight (R²=0.086) (Table 2). 

Subgroup analysis by HIV status showed differential effects. Among HIV-positive women, BMI was not a 

significant predictor of placental weight (β=4.71, p=0.325), while among HIV-negative women, a positive 

association between BMI and placental weight was observed but did not reach statistical significance 

(β=3.53, p=0.166). These findings suggest that the inverse association between HIV status and placental 

weight remains consistent regardless of maternal BMI, and that BMI may play a more prominent role in 

predicting placental weight among HIV-negative women (Table 2). 

Furthermore, we performed a linear regression analysis to evaluate the independent contributions of 

maternal BMI and HIV status to postnatal placental weight, adjusting for gestational age (GA) at delivery. 

The model included BMI and GA as continuous variables, and HIV status as a binary variable. After 

adjusting for GA, gestational age emerged as a strong and statistically significant predictor of placental 

weight (p<0.001). HIV-positive status was independently associated with lower placental weight (β=-0.248, 

p=0.016), while BMI demonstrated a positive but non-significant association with placental weight 

(β=0.146, p=0.151). Notably, the interaction term between HIV status and BMI was not statistically 

significant, suggesting that HIV status did not modify the relationship between BMI and placental weight 

(Table 3). These findings highlight the importance of adjusting for gestational age in placental weight 

analyses and suggest that HIV infection may exert a modest but independent effect on placental 

development. 

 

Table 2. Multivariable regression analysis and stratified subgroup models for the association between 

maternal BMI, HIV status, and placental weighta 

Main regression analysis: effect of BMI and HIV status on placental weight 

Variable Coefficient Std. Error t-Statistic p 95% CI 

Intercept 558.5193 75.07 7.44 0.0 409.687–707.352 

BMI 3.9019 2.262 1.725 0.087 -0.582–8.386 

HIV-positive -79.0723 31.018 -2.549 0.012 -140.568–-17.577 

Subgroup regression analysis: HIV-positive women 



 

 
 

Variable Coefficient Std. Error t-Statistic p 95% CI 

Intercept 453.9805 151.971 2.987 0.005 144.427–763.534 

BMI 4.7066 4.707 1.0 0.325 -4.882–14.295 

Subgroup regression analysis: HIV-negative women 

Variable Coefficient Std. Error t-Statistic p 95% CI 

Intercept 570.4459 83.092 6.865 0.0 404.843–736.049 

BMI 3.5326 2.525 1.399 0.166 -1.499–8.565 

a standard errors assume that the covariance matrix of the errors is correctly specified 

 

Table 3. A table illustrating a linear regression model assessing the relationship between maternal BMI, 

HIV status, and GA on placental weight 

Unstandardized regression coefficients from the gestational age-adjusted linear regression model analysis 

predicting placental weight 

Variable Coefficient Std. Error t-Statistic p 

Intercept -235.55 306.57 -0.768 0.444 

BMI 3.641 2.266 1.607 0.111 

HIV-positive -67.44 33.002 -2.043 0.044 

Gestational age (GA) 20.759 7.783 2.667 0.009 

Standardized β coefficients from the regression model, adjusting for gestational age and HIV status 

Predictor Standardized β p 

BMI 0.146 0.151 

HIV-positive -0.248 0.016 

GA (in weeks) 0.497 <0.001 

 

Discussion 

This study aimed to investigate the association between antenatal booking body mass index (BMI) and 

postnatal placental weight among HIV-positive and HIV-negative pregnant women receiving care at the 

University of Uyo Teaching Hospital, Nigeria. Our key findings affirm that HIV status, BMI, and placental 

weight are interrelated, with significant implications for maternal and fetal outcomes. Through stratified 

analysis and regression modeling, this study elucidates the differential impact of HIV status on nutritional 

and placental health, and how socio-demographic and clinical factors interplay in this context. The novelty 

of our study lies in being, to our knowledge, the first Nigerian investigation to jointly assess maternal BMI, 

HIV status, and placental weight while adjusting for gestational age. This approach provides a more robust 

understanding of how HIV modifies placental growth independent of gestational length, addressing a 

critical evidence gap in sub-Saharan Africa. 



 

 
 

HIV-positive and HIV-negative pregnant women differed in BMI, placental weight, educational attainment, 

and occupation. Consistent with earlier studies by Bodkin et al., Isah et al., and Ladner et al., our results 

reveal that HIV-positive pregnant women tended to have lower mean BMI (31.65±6.47 kg/m²) and 

placental weight (602.94±174.92 g) than their HIV-negative counterparts (32.46±6.50 kg/m² and 

684.53±139.38 g, respectively).11,36,37 GA-adjusted regression analysis confirmed HIV status as a 

statistically significant predictor of placental weight, while BMI showed a positive but non-significant 

association. Subgroup regression revealed that BMI had a significant effect on placental weight among 

HIV-negative women, but not among HIV-positive women. 

These results support findings by Bengtson et al. and Erasmus et al., who observed that HIV-positive status 

is frequently accompanied by metabolic dysregulation, suboptimal nutritional states, and altered placental 

physiology.19,31 The lower placental weight in HIV-positive pregnancies may be suggestive of compromised 

placental development. However, since our study did not assess birth outcomes directly, this hypothesis 

warrants further investigation. 

BMI distribution also correlated with educational and occupational status. HIV-negative women had a 

higher proportion of tertiary education (66.3%) compared to HIV-positive women (50%). They were also 

more likely to be employed in civil/public service roles, whereas HIV-positive women were predominantly 

traders. These patterns reflect socio-economic disparities that may influence nutritional status and health 

outcomes, echoing trends reported by Bengtson et al., Erasmus et al., and Trindade et al., in their 

studies.3,19,31,34 

Blood pressure patterns varied across HIV status. A statistically significant positive correlation was 

observed between systolic blood pressure and BMI in HIV-negative women (r=0.591, p-value=0.020), 

while no such correlation was found in HIV-positive women. This may reflect early differences in 

cardiovascular regulation, though our blood pressure data alone cannot confirm broader cardiovascular risk. 

Our analysis demonstrated a weak overall correlation between BMI and placental weight, but subgroup and 

regression analyses clarified a more complex relationship moderated by HIV status and gestational age. 

Several studies have associated maternal HIV with poor placental morphology and function, contributing 

to adverse perinatal outcomes such as intrauterine growth restriction and low birth weight.7,11,17,18,25,34,39,50 

While we did not assess such outcomes, our findings emphasize the need for further research in this area. 

These findings support multifaceted interventions, such as targeted nutrition programs, specialized 

antenatal clinics, integrated care services, and educational outreach, to address both biomedical and social 

determinants of health in HIV-positive pregnancies.10,40–43,50 Training healthcare providers to recognize and 

mitigate HIV-related nutritional and cardiovascular risks is also vital. By examining BMI–placental weight 

relationships stratified by HIV status and controlling for gestational age, our study contributes new evidence 

that can guide region-specific antenatal nutritional and HIV care programs. 

 



 

 
 

Study limitations 

This study's cross-sectional design limits causal inference. Reliance on medical records constrained the 

inclusion of variables such as gestational weight gain, anemia, and detailed obstetric outcomes. 

Additionally, qualitative data that could contextualize socio-demographic differences were absent. Future 

longitudinal and mixed-methods studies should assess temporal nutritional trajectories and explore 

mechanisms linking HIV to placental pathophysiology. 

 

Conclusion 

This study provides critical insights into how antenatal BMI and placental weight vary with HIV status 

among pregnant women in Uyo, Nigeria. After adjusting for gestational age, HIV status remained 

significantly associated with lower placental weight. BMI demonstrated a positive but non-significant 

association. These findings underscore the need for further research into placental health and maternal 

nutrition in HIV-affected pregnancies. Tailored antenatal interventions that address nutritional, educational, 

and socio-economic disparities may improve maternal and fetal outcomes, particularly in resource-limited 

settings. 

 

Acknowledgments 

We are immensely grateful to the management and staff of the Departments of Obstetrics and Gynecology, 

and Histopathology, UUTH, Uyo, Akwa Ibom State, Nigeria, for their immense support during this study. 

 

Declarations 

Funding 

This study was self-sponsored by the authors. We did not receive any external funding or grants for this 

study 

 

Author contributions  

Conceptualization, U.B.E., O.O.A. and N.M.U.; Methodology, U.B.E.; Software, U.B.E. and O.O.A.; 

Validation, U.B.E., M.W.R., I.J.K., C.O.N., N.M.U., O.O.A, E.O.E., E.D.E. and I.O.C.; Formal Analysis, 

U.B.E. and O.O.A.; Investigation, U.B.E., O.O.A. and N.M.U.; Resources, U.B.E., M.W.R., I.J.K., C.O.N., 

N.M.U., O.O.A, E.O.E., E.D.E., I.E.A. and I.C.O.; Data Curation, U.B.E. and O.O.A.; Writing – Original 

Draft Preparation, U.B.E., M.W.R., I.J.K., C.O.N., N.M.U., O.O.A, E.O.E., E.D.E., I.E.A. and I.C.O.; 

Writing – Review & Editing, U.B.E., M.W.R., I.J.K., C.O.N., N.M.U., O.O.A, E.O.E., E.D.E., I.E.A. and 

I.C.O.; Visualization, U.B.E. and O.O.A.; Supervision, U.B.E.; Project Administration, U.B.E.; Funding 

Acquisition, U.B.E., M.W.R., I.J.K., C.O.N., N.M.U., O.O.A, E.O.E., E.D.E., I.E.A. and I.C.O. 

 



 

 
 

Conflicts of interest 

The author(s) declare no competing interests. 

 

Data availability 

All data generated or analyzed during this study are included in this published article. 

 

Ethics approval 

This study was conducted in accordance with the Declaration of Helsinki, and its ethical approval was 

granted by the UUTH Health Research Ethics Committee (UUTH/AD/S/96/VOL.XII/115). 

 

References 

1. Kelly C, Alderdice F, Lohan M. Psychosocial challenges of testing positive for HIV during 

pregnancy. The British Journal of Midwifery. 2009;17(2):76-81. doi:10.12968/BJOM.2009.17.2.39375 

2. Altfeld M, Bunders MJ. Impact of HIV-1 infection on the feto-maternal crosstalk and consequences 

for pregnancy outcome and infant health. Semin Immunopathol. 2016;38(6):727-738. doi:10.1007/S00281-

016-0578-9 

3. Trindade L de NM, Nogueira LMV, Rodrigues ILA, Ferreira AMR, Corrêa GM, Andrade NCO. 

HIV infection in pregnant women and its challenges for the prenatal care. Rev Bras Enferm. 2021;74. 

doi:10.1590/0034-7167-2019-0784 

4. Shinar S, Agrawal S, Ryu M, et al. Perinatal outcomes in women living with HIV‐1 and receiving 

antiretroviral therapy- a systematic review and meta‐analysis. Acta Obstet Gynecol Scand. 

2021;101(2):168-182. doi:10.1111/AOGS.14282 

5. Abdi F, Alimoradi Z, Alidost F. Pregnancy outcomes and effects of antiretroviral drugs in HIV-

positive pregnant women: a systematic review. Future Virol. 2019;14(3):197-210. doi:10.2217/FVL-2018-

0213 

6. Calvert C, Ronsmans C. Pregnancy and HIV disease progression: a systematic review and meta‐

analysis. Tropical medicine & international health. 2015;20(2):122-145. doi:10.1111/TMI.12412 

7. Pfeifer C, Bunders MJ. Maternal HIV infection alters the immune balance in the mother and fetus; 

implications for pregnancy outcome and infant health. Curr Opin HIV AIDS. 2016;11(2):138-145. 

doi:10.1097/COH.0000000000000239 

8. Lathrop E, Jamieson DJ, Danel I. HIV and maternal mortality. International Journal of Gynecology 

& Obstetrics. 2014;127(2):213-215. doi:10.1016/J.IJGO.2014.05.024 

9. Young S, Murray K, Mwesigwa J, et al. Maternal Nutritional Status Predicts Adverse Birth 

Outcomes among HIV-Infected Rural Ugandan Women Receiving Combination Antiretroviral Therapy. 

PLoS One. 2012;7(8):e41934. doi:10.1371/JOURNAL.PONE.0041934 



 

 
 

10. Montgomery KS. Nutrition and HIV-Positive Pregnancy. J Perinat Educ. 2003;12(1):42-47. 

doi:10.1891/1058-1243.12.1.42 

11. Bodkin C, Klopper H, Langley G. A comparison of HIV positive and negative pregnant women at 

a public sector hospital in South Africa. J Clin Nurs. 2006;15(6):735-741. doi:10.1111/J.1365-

2702.2006.01438.X 

12. Ackerman IV W, Kwiek JJ. Role of the placenta in adverse perinatal outcomes among HIV-1 

seropositive women. J Nippon Med Sch. 2013;80(2):90-94. doi:10.1272/JNMS.80.90 

13. Eziagu UB, Abudu EK, Ojo OS. Histomorphometric Survey of Placentas of HIV-positive Mothers 

in Relation to their Clinical Stage in a Teaching Hospital in Uyo, South-South Nigeria. Oman Med J. 

2022;37(6):e438. doi:10.5001/omj.2022.103 

14. Vogler MA, Singh H, Wright R. Complex Decisions in Managing HIV Infection During Pregnancy. 

Curr HIV/AIDS Rep. 2011;8(2):122-131. doi:10.1007/S11904-011-0077-5 

15. Maswime, S, Pule, C, Mtshali Z, Chawana, R, Matjila M. HIV, Placental Lesions, and Adverse 

Perinatal Outcomes. Journal of Infectious Diseases. 2021;224:S691-S693. doi:10.1093/INFDIS/JIAB494 

16. Mehta S, Manji KP, Young AM, et al. Nutritional indicators of adverse pregnancy outcomes and 

mother-to-child transmission of HIV among HIV-infected women. American Journal of Clinical Nutrition. 

2008;87(6):1639-1649. doi:10.1093/AJCN/87.6.1639 

17. Chigbu C, Aja L. Obesity in Pregnancy in Southeast Nigeria. Ann Med Health Sci Res. 

2011;1(2):135.  

18. Sathasivam R, Selliah P, Sivalingarajah R, Mayorathan U, Munasinghe BM. Placental weight and 

its relationship with the birth weight of term infants and body mass index of the mothers. J Int Med Res. 

2023;51(5):3000605231172895. doi:10.1177/03000605231172895 

19. Bengtson AM, Phillips TK, le Roux SM, et al. Postpartum obesity and weight gain among human 

immunodeficiency virus‐infected and human immunodeficiency virus‐uninfected women in South Africa. 

Matern Child Nutr. 2020;16(3):e12949. doi:10.1111/MCN.12949 

20. Bengtson AM, Phillips TK, le Roux SM, et al. Does HIV infection modify the relationship between 

pre-pregnancy body mass index and adverse birth outcomes? Paediatr Perinat Epidemiol. 2020;34(6):713-

723. doi:10.1111/PPE.12688 

21. Bengtson AM, Phillips TK, le Roux SM, et al. High blood pressure at entry into antenatal care and 

birth outcomes among a cohort of HIV-uninfected women and women living with HIV initiating 

antiretroviral therapy in South Africa. Pregnancy Hypertens. 2021;23:79-86. 

doi:10.1016/J.PREGHY.2020.11.005 

22. Bengtson AM, le Roux SM, Phillips TK, et al. Relationship between pre-pregnancy maternal body 

mass index and infant weight trajectories in HIV-exposed and HIV-unexposed infants. Paediatr Perinat 

Epidemiol. 2021;36(4):536-547. doi:10.1111/PPE.12825 



 

 
 

23. Dolan SE, Hadigan C, Killilea KM, et al. Increased Cardiovascular Disease Risk Indices in HIV-

Infected Women. J Acquir Immune Defic Syndr (1988). 2005;39(1):44-54. 

doi:10.1097/01.QAI.0000159323.59250.83 

24. Adekunle R, Bagchi S. Review of Cardiovascular Disease in HIV-Infected Women. J AIDS Clin 

Res. 2016;07(03). doi:10.4172/2155-6113.1000557 

25. Cruz ML, Harris DR, Read JS, Mussi-Pinhata MM, Succi RC; NICHD International Site 

Development Initiative (NISDI) Perinatal Study Group. Association of Body Mass Index of HIV-1-Infected 

Pregnant Women and Infant Weight, Body Mass Index, Length, and Head Circumference: The NISDI 

Perinatal Study. Nutr Res. 2007;27(11):685-691. doi:10.1016/j.nutres.2007.09.005  

26. Mozalyova OL, Samarina A V. Specific features of pregnancy and delivery in HIV-infected 

women. Journal of obstetrics and women’s diseases. 2021;70(3):103-113. doi:10.17816/JOWD48672 

27. Ickovics JR, Ethier KA, Koenig LJ, Wilson TE, Walter EB, Fernandez MI. Infant birth weight 

among women with or at high risk for HIV infection: the impact of clinical, behavioral, psychosocial, and 

demographic factors. Health Psychology. 2000;19(6):515-523. doi:10.1037/0278-6133.19.6.515 

28. Schulte J, Dominguez K, Sukalac T, Bohannon B, Fowler MG. Declines in Low Birth Weight and 

Preterm Birth Among Infants Who Were Born to HIV-Infected Women During an Era of Increased Use of 

Maternal Antiretroviral Drugs: Pediatric Spectrum of HIV Disease, 1989–2004. Pediatrics. 

2007;119(4):e900-e906. doi:10.1542/PEDS.2006-1123 

29. Portwood C, Sexton H, Kumarendran M, Brandon Z, Kirtley S, Hemelaar J. Adverse perinatal 

outcomes associated with antiretroviral therapy in women living with HIV: A systematic review and meta-

analysis. Front Med (Lausanne). 2023;9:924593. doi:10.3389/fmed.2022.924593 

30. Murray C, Portwood C, Sexton H, et al. Adverse perinatal outcomes attributable to HIV in sub-

Saharan Africa from 1990 to 2020: Systematic review and meta-analyses. Communications Medicine. 

2023;3(1):103. doi:10.1038/S43856-023-00331-8 

31. Erasmus CR, Chuturgoon AA, Maharaj NR. Maternal overweight and obesity and its associated 

factors and outcomes in human immunodeficiency virus (HIV)‐infected and HIV‐uninfected black South 

African pregnant women. J Obstet Gynaecol Res. 2022;48(11):2697-2712. doi:10.1111/JOG.15392 

32. Nyoyoko NP, Umoh AV. The prevalence and determinants of HIV seroconversion among booked 

ante natal clients in the University of Uyo teaching hospital, Uyo Akwa Ibom State, Nigeria. Pan Afr Med 

J. 2016;25. doi:10.11604/PAMJ.2016.25.247.6715 

33. WHO. Malnutrition in women. World Health Organization. 2023. 

https://www.who.int/data/nutrition/nlis/info/malnutrition-in-women. Accessed June 17, 2024. 

34. Zierle-Ghosh A, Jan A. Physiology, Body Mass Index. StatPearls. 

https://www.ncbi.nlm.nih.gov/books/NBK535456/. Accessed June 17, 2024. 



 

 
 

35. Essential Pathology. Pediatric and Perinatal: Gestational Age, Placental Weight, and Umbilical 

Cord Length. e-Manual for Specimen Gross Examination in Surgical Pathology (4th Edition). 2020. 

http://www.essentialpathology.info/Gross_manual/Index.html?GestationalAgePlacentalWeightUmbilical

CordLengthTable. Accessed June 17, 2024. 

36. Isah H, Musa O, Evbuomwan V, Attah B, Ogu I, David A. Pregnancy Experience And Outcome: 

A Comparison Between HIV Positive And HIV Negative Pregnant Women. African Journal of 

Pharmaceutical Research & Development. 2018;10(1):037-042. 

37. Ladner J, Castetbon K, Leroy V, et al. Pregnancy, body weight and human immunodeficiency virus 

infection in African women: A prospective cohort study in Kigali (Rwanda), 1992-1994. Int J Epidemiol. 

1998;27(6):1072-1077. doi:10.1093/IJE/27.6.1072 

38. Filipe MEJ, Santana MS. Nutritional Status Pre-Gestational and Gestational Among Women 

Living With HIV Positive in Luanda, Angola. J Food Sci Nutr Res. 2022;5(4):696-701.  

39. Brandão T, Silva KS, Sally EO, Dias MAB, Silva CVC da, Fonseca VM. Epidemiological and 

nutritional characteristics of pregnant HIV-infected women. Revista Brasileira de Ginecologia e 

Obstetrícia. 2011;33(8):188-195. 

40. Fischer C, Rosario JL, Alves GA, Mezadri T, Grillo LP. Estado nutricional de gestantes infectadas 

pelo HIV/AIDS: período de 2010 a 2015. Revista Brasileira de Obesidade, Nutrição e Emagrecimento. 

2019;13(79):400-406. 

41. Yudin MH, Caprara D, MacGillivray SJ, Urquia M, Shah RR. A Ten-Year Review of Antenatal 

Complications and Pregnancy Outcomes Among HIV-Positive Pregnant Women. J Obstet Gynaecol Can. 

2016;38(1):35-40. doi:10.1016/J.JOGC.2015.10.013 

42. Gichangi P, Nyongo A, Temmerman M. Pregnancy outcome and placental weights: their 

relationship to HIV-1 infection. East Afr Med J. 1993;2:85-89. 

43. Smith Fawzi MC, Kaaya SF, Mbwambo J, et al. Multivitamin supplementation in HIV‐positive 

pregnant women: impact on depression and quality of life in a resource‐poor setting. HIV Med. 

2007;8(4):203-212. doi:10.1111/J.1468-1293.2007.00454.X 

44. Gruskin S, Firestone R, MacCarthy S, Ferguson L. HIV and pregnancy intentions: do services 

adequately respond to women’s needs? Am J Public Health. 2008;98(10):1746-1750. 

doi:10.2105/AJPH.2008.137232 

45. Bailey H, Zash R, Rasi V, Thorne C. HIV treatment in pregnancy. Lancet HIV. 2018;5(8):e457-

e467. doi:10.1016/S2352-3018(18)30059-6 

46. Callahan T, Modi S, Swanson J, Ng’Eno B, Broyles LN. Pregnant adolescents living with HIV: 

what we know, what we need to know, where we need to go. J Int AIDS Soc. 2017;20(1). 

doi:10.7448/IAS.20.1.21858 



 

 
 

47. WHO. WHO Case Definition of HIV for Surveillance and Revised Clinical Staging and 

Immunological Classification of HIV-Related Disease in Adults and Children. World Health Organization. 

https://www.ncbi.nlm.nih.gov/books/NBK374293/. Accessed April 20, 2025. 

48. Olagbuji BN, Ezeanochie MC, Ande AB, Oboro VO. Obstetric and perinatal outcome in HIV 

positive women receiving HAART in urban Nigeria. Arch Gynecol Obstet. 2010;281(6):991-994. 

doi:10.1007/s00404-009-1186-x 

49. Balogun JA, Olawoye AG, Oladipo VA. Anthropometric indices of male and female Nigerians of 

different age groups. Afr J Med Med Sci. 1994;23(3):279-286. 

50. Burton GJ, Fowden AL, Thornburg KL. Placental origins of chronic disease. Physiol Rev. 

2016;96(4):1509-1565. doi:10.1152/PHYSREV.00029.2015 

 


