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Abstract

Background: HIV-negative individuals with in utero HIV exposure represent an emerging 

population, exceeding 18 million people worldwide. Long-term clinical outcomes among HIV-

exposed uninfected (HEU) individuals into adolescence and young adulthood remain unknown.

Setting: U.S. academic health system.

Methods: In this observational cohort study, we leveraged a patient data registry to identify 50 

HEU adolescents and young adults. We also identified 141 HIV-unexposed controls that were 

matched to HEU subjects up to 3:1 on age of last encounter (±2 years), birthdate (±5 years), sex, 

race/ethnicity, and zip code. All subjects were born since 1/1/1990 with medical records available 

into adolescence and young adulthood. Primary outcomes were most recent BMI z-score and 

presence of reactive airway disease (RAD). Records were manually reviewed to extract health 

information.

Results: 50 HEU adolescents and young adults (18±3 years, 54% men) and 141 matched 

controls (19±3 years, 54% men) were compared. HEU individuals had a higher BMI z-score 

(1.12±1.08 vs. 0.73±1.09, P=0.03) as well as an increased prevalence of obesity (42% vs. 22%, 

P=0.009) compared to controls. HEU subjects also had a higher prevalence of RAD versus 

controls (40% vs. 23%, P=0.03). These differences persisted upon adjusting for demographic, 

socioeconomic, maternal, and birth-related factors. Maternal prenatal CD4+ T cell count was 

inversely associated with BMI z-score among HEU adolescents (r=−0.47, P=0.01).

Conclusion: HEU adolescents and young adults exhibited a heightened prevalence of obesity 

and RAD compared to HIV-unexposed controls. Additional studies are needed to optimize care for 

the expanding population of HEU individuals transitioning to adulthood.
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Introduction

Worldwide, over 1 million babies are born to mothers with HIV each year.1 With the global 

scale-up of prenatal antiretroviral therapy (ART), up to 98% of these infants may be HIV-

exposed but uninfected (HEU).2 Notably, growing evidence suggests that HIV-negative 

individuals with in utero HIV exposure may be at heightened risk of adverse health 

outcomes.1 In studies focused on infants and young children, HEU individuals have been 

shown to exhibit stunted growth,3–5 altered fuel substrate utilization,6 immune activation,7,8 

a Th2-shifted immune response,9 and increased infectious morbidity and mortality.10,11 

These findings have been posited to reflect, in part, the influence of the intrauterine 

environment on fetal programming.12

While understanding the health consequences of in utero HIV exposure has been an area of 

active investigation, long-term clinical outcomes among HEU individuals into adolescence 

and adulthood remain largely unknown. With an estimated 18 million HEU individuals 

currently below 15 years of age,1 there is a pressing need to delineate clinically relevant 

phenotypes among HEU adolescents and young adults compared to HIV-unexposed 

controls. Evidence of health complications among this expanding cohort has important 

implications for a large population at a critical time of emergence into adulthood, and may 

signify the need for the development of novel prevention and treatment strategies.

In the current study, we assessed for the first time metabolic and immune-related 

comorbidities among HEU adolescents and young adults as compared to rigorously matched 

HIV-unexposed uninfected controls from the same U.S. healthcare system. Specifically, we 

examined differences between groups in obesity and reactive airway disease (RAD), which 

were selected a priori as clinically relevant surrogates for potential metabolic and immune 

dysregulation, respectively. Within the HEU group, we also related maternal prenatal 

characteristics to long-term health outcomes so as to elucidate possible mechanisms of 

disease. We hypothesized that HEU adolescents and young adults would exhibit a higher 

BMI z-score and a greater prevalence of RAD compared to well-matched HIV-unexposed 

controls. While obesity13,14 and RAD15 are known consequences of other pathologic 

intrauterine environments such as maternal obesity and gestational diabetes, a predisposition 

toward these endpoints has not been previously demonstrated in the context of maternal HIV. 

Our data reveal novel sequelae of in utero HIV exposure among HIV-negative individuals, 

suggesting the importance of close clinical follow-up and additional mechanistic studies.

Methods

Subjects

We utilized the Research Patient Data Registry (RPDR) at a large U.S. academic health 

center (Partners HealthCare, Boston, MA) to develop an observational cohort of HEU 
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adolescents and young adults in addition to well-matched controls (Figure 1). All subjects 

were required to have been born since 1/1/1990 and to have medical records available 

beyond 13 years of age. As such, individuals were born between 1990 and 2005, and all 

available medical records since birth were reviewed. HEU subjects, comprising the exposed 

group, were defined as individuals without known HIV infection who were born to mothers 

with HIV diagnosed prior to or during pregnancy. In contrast, unexposed controls were 

defined as individuals who did not carry a diagnosis of HIV infection and whose mothers 

were not known to have HIV during pregnancy. This study was approved by the Institutional 

Review Board of Massachusetts General Hospital.

HEU subjects were identified through RPDR searches that detected women with HIV who 

underwent pregnancy, labor, or delivery prior to 2005 based on ICD-9 coding as well as their 

HIV-negative offspring (n = 2,509). Among mothers resulting from these searches, we 

confirmed HIV status and assessed the timing of HIV infection with respect to pregnancy. 

Adolescents born to mothers with HIV during pregnancy, who themselves were HIV-

negative, were included within our HEU group.

From the same patient data registry, we obtained 208,436 system-generated controls without 

a diagnosis of HIV infection based on ICD-9 coding. From this pool, controls were 

randomly matched up to 3:1 to HEU adolescents on age of last encounter (± 2 years), 

birthdate (± 5 years), sex, race/ethnicity, and five-digit zip code (SAS 9.4).16 We chose to 

match on these variables since they comprise important biological and environmental 

determinants of health that could be readily ascertained from the RPDR on all potential 

subjects. Upon completing our matching algorithm, a total of 50 HEU adolescents were 

matched to 141 controls. Among controls, we located maternal medical records to confirm 

HIV status and to extract health information. In some instances, the mother’s medical record 

could not be located if she was not seen within the Partners HealthCare system, or if her 

identifying information could not be reliably ascertained from the young adult’s medical 

record. Each control was verified to have no evidence of HIV infection or in utero HIV 

exposure based on medical history and available HIV testing.

Study Procedures

Prior to our analysis, we selected BMI z-score and RAD as our primary outcomes of interest 

as surrogates for metabolic and immune health, respectively. Adolescent and maternal charts 

were comprehensively reviewed between 7/1/2018 and 5/1/2019 by trained study staff to 

extract relevant health information. Sex- and age-adjusted BMI z-score was calculated from 

the Centers for Disease Control and Prevention (CDC) growth charts using the most recent 

paired weight and height obtained beyond 12 years of age.17 Individuals were classified as 

obese if their BMI was greater than or equal to the 95th percentile adjusted for age and sex or 

greater than or equal to 30 kg/m2. RAD was defined as a clinical report of ‘RAD’ or 

‘asthma’ in the medical record at greater than or equal to 12 years of age. Albuterol inhaler 

use beyond 12 years of age also was collected as evidence of asthma-like symptoms during 

adolescence and young adulthood. BMI data were available in 96% of HEU individuals and 

94% of controls, whereas RAD data were available in 96% of HEU subjects and 98% of 

controls.
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In addition to our primary outcomes, we collected data on biological, behavioral, and 

socioeconomic factors of interest including birth weight, gestational age, and mode of 

delivery. We also collected maternal data pertaining to pregnancy such as age at delivery, 

earliest BMI, and pregnancy complications. For mothers with prenatal HIV infection, we 

extracted from the medical record a detailed HIV-related history including disease duration 

at delivery, third-trimester CD4+ T cell count, third-trimester HIV viral load, and ART 

regimen. Lastly, we recorded data on contemporary maternal characteristics that may reflect 

the household environment to which each adolescent was exposed including earliest BMI 

between 35 and 50 years of age, highest educational degree, and any history of tobacco use. 

Median household income was estimated based on current adolescent zip code according to 

U.S. census data.18

Statistical Analysis

Assuming a sample of 50 HEU subjects with 5% incomplete matching and 5% missing data, 

3:1 matching of controls to HEU subjects would yield 80% power to detect an absolute 

difference in BMI z-score of 0.47 standard deviation and a risk difference in RAD of 19% 

between groups (α=0·05, two-sided). These effect sizes were considered clinically 

significant, whereas increasing the matching ratio beyond 3:1 would not meaningfully 

decrease the effect size that the study was powered to detect.

We compared differences between groups using a two-tailed independent samples t-test for 

continuous variables that were normally distributed, Wilcoxon rank-sum test for continuous 

variables that were not normally distributed, and chi-square test for categorical variables. 

Outcomes that were significantly different between groups were further evaluated in 

multivariable logistic regression models adjusting for biological factors of interest, including 

those found to significantly differ between groups. We additionally performed two 

sensitivity analyses pertaining to our adjusted models. First, we noted that some subjects 

were not included in our multivariable models due to missing data, which were assumed to 

be missing at random. As such, we retested our models utilizing multiple imputation of 

missing data with 1200 iterations, discarding the first 200 iterations. Second, we recognized 

that infant feeding practices were not routinely documented in the medical record. 

Nonetheless, breastfeeding is expected to be lower in infants born to mothers with HIV in 

the U.S.,19 and has been associated with lower odds of obesity20 and asthma.21 Accordingly, 

we performed a quantitative bias analysis to adjust for breastfeeding as an unmeasured 

potential confounder.22 Using the range of data in the literature, we chose a scenario of 

extreme bias, assuming that the prevalence of breastfeeding was 0.01% in HEU individuals 

and 80% in controls,23 and that the odds ratio relating breastfeeding to obesity or asthma 

was 0.74 as previously published.20,21

Lastly, in exploratory analyses, we sought to identify maternal prenatal factors that were 

associated with long-term health outcomes among HEU adolescents and young adults. 

Specifically, prenatal characteristics among mothers with HIV were related to outcomes of 

interest among HEU offspring using linear regression for continuous outcomes and odds 

ratios (OR) with 95% confidence intervals for categorical outcomes. Significant associations 
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were further examined in multivariable models that controlled for biologically relevant 

prenatal factors.

Variables with a normal distribution were expressed as mean ± standard deviation. Variables 

that were not normally distributed were denoted as median [interquartile range] or were 

logarithmically transformed to achieve normality. All available data were analyzed. A 

critical value of P < 0.05 was the pre-defined threshold for statistical significance. Statistical 

analyses were performed using JMP Pro 12.0.1 or SAS 9.4 (SAS Institute Inc., Cary, North 

Carolina, USA).

Results

Adolescent and Maternal Characteristics

A total of 50 HEU adolescents and young adults (18 ± 3 years old, 54% men) and 141 

controls (19 ± 3 years old, 54% men) were analyzed. Demographic, behavioral, and birth 

characteristics were summarized in Table 1A. Groups were well balanced in terms of age, 

sex, race/ethnicity, and median household income as defined by current adolescent zip code. 

Furthermore, birth weight and gestational age did not differ between groups. HEU 

adolescents were more often born by Cesarean section than controls (40% vs. 22%, P = 

0.03), a finding that likely reflects trends in obstetrical practices to prevent maternal to child 

HIV transmission.19

Prenatal and contemporary maternal characteristics were compared in Table 1B. Mothers 

were of comparable age at the time of delivery. Mothers with HIV were infected for 4 [1, 7] 

years with third-trimester CD4+ T cell count 402 [191, 621] cells/mm3 and third-trimester 

HIV viral load undetectable in 73% of individuals. A total of 93% of mothers received 

prenatal ART. Maternal BMI and prevalence of diabetes during pregnancy were comparable 

between groups. In contrast, BMI between 35 and 50 years of age was lower among mothers 

with HIV versus mothers of controls (27.0 ± 6.8 vs. 31.6 ± 6.9 kg/m2, P = 0.001). Any 

history of tobacco use (50% vs. 30%, P = 0.03) was higher among mothers with HIV than 

mothers of controls.

Obesity Among HEU Adolescents versus Controls

HEU adolescents had a higher BMI z-score (1.12 ± 1.08 vs. 0.73 ± 1.09, P = 0.03) as well as 

a heightened prevalence of obesity (42% vs. 22%, P = 0.009) compared to controls (Figure 

2). In utero HIV exposure conferred over four-fold increased odds of adolescent obesity 

upon adjusting for adolescent age and sex, median household income, mode of delivery, 

maternal BMI between 35 and 50 years of age, and maternal history of tobacco use (OR 4.6, 

95% CI 1.4 to 17.0) (Supplemental Table 1). Subjects included in our multivariable model 

were representative of the overall study sample (Supplemental Table 2). Furthermore, 

multiple imputation of missing data confirmed our primary results (estimated OR 3.7, 90% 

coverage 3.1 to 4.6). In a quantitative bias analysis, we estimated that confounding by 

breastfeeding could potentially attenuate the odds ratio relating HEU status to obesity by 

approximately 20%.
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Maternal obesity between 35 and 50 years of age was associated with an increased 

frequency of adolescent obesity (P = 0.002) (Figure 3). Among controls, adolescents born to 

non-obese mothers had an obesity prevalence of 7%, whereas adolescents born to obese 

mothers had an obesity prevalence of 37%. Notably, within each maternal BMI category, 

HEU adolescents had a higher frequency of obesity relative to controls (P = 0.007). In 

contrast to an obesity prevalence of 7% among controls born to non-obese mothers, 35% of 

HEU adolescents born to non-obese mothers were obese (Figure 3).

Reactive Airway Disease Among HEU Adolescents versus Controls

HEU adolescents had a significantly higher prevalence of RAD compared to controls (40% 

vs. 23%, P = 0.03) (Figure 2). Additionally, as an index of ongoing asthma-like symptoms, 

the combination of RAD and albuterol inhaler use was more common among HEU 

adolescents versus controls (38% vs. 20%, P = 0.01). HEU status conferred four-fold 

increased odds of RAD in a multivariable model that adjusted for adolescent age and sex, 

median household income, mode of delivery, maternal BMI between 35 and 50 years of age, 

maternal history of tobacco use, and adolescent obesity (OR 4.0, 95% CI 1.2 to 15.0) 

(Supplemental Table 1). Notably, multiple imputation of missing data upheld our primary 

findings (estimated OR 2.3, 90% coverage 2.0 to 2.7). Additionally, in a quantitative bias 

analysis, we estimated that confounding by breastfeeding could potentially attenuate the 

odds ratio relating HEU status to RAD by approximately 20%.

Maternal Prenatal Factors Associated with Long-term Health Outcomes in HEU 
Adolescents

In an exploratory analysis, we sought to identify maternal prenatal characteristics that were 

associated with obesity and RAD among HEU adolescents and young adults (Figure 4). 

There was no evidence of associations between long-term HEU outcomes and maternal age 

at delivery, any history of tobacco use, HIV duration, HIV viral load, or ART class. On the 

other hand, there was an inverse correlation between log-transformed maternal third-

trimester CD4+ T cell count and BMI z-score among HEU adolescents (r = −0.47, P = 0.01), 

which remained significant upon adjusting for maternal prenatal characteristics including 

age at delivery, any history of tobacco use, earliest BMI, HIV duration, and ART regimen. 

There was no evidence of an analogous relationship between maternal CD4+ T cell count 

and RAD within the HEU group.

Discussion

In one of the oldest HEU cohorts studied to date, we showed for the first time that HIV-

negative adolescents and young adults with in utero HIV exposure had at least four-fold 

increased odds of obesity and RAD compared to well-matched HIV-unexposed controls. 

These differences persisted in multivariable models adjusting for demographic, 

socioeconomic, maternal, and early life factors. In addition, we found that lower maternal 

CD4+ T cell count during pregnancy was associated with higher BMI z-score among HEU 

individuals at least 12 years later. These findings underscore a potential biologic link 

between in utero HIV exposure and long-term health outcomes, and may suggest a role of 

maternal HIV infection in the fetal programming of lifelong susceptibility to disease.
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The current study is among the first to indicate that HIV-negative individuals with in utero 

HIV exposure are at heightened risk of obesity later in life. Specifically, we found that a 

substantial 42% of HEU adolescents and young adults were obese, which was nearly twice 

the prevalence among matched controls. Relatedly, we demonstrated that BMI z-score was 

0.40 units higher in HEU individuals versus controls. To contextualize this difference, expert 

consensus guidelines consider a change in BMI z-score of 0.20 to 0.25 to be clinically 

significant.24,25 In the general population, obesity during adolescence and young adulthood 

has been associated with high blood pressure, abnormal lipids, and insulin resistance.26 

Studies also indicate that obesity early in life rarely remits spontaneously: in a large 

systematic review, 80% of obese adolescents continued to be obese as adults.27 Since most 

HEU individuals have not yet reached adulthood, our finding of increased obesity among 

this older cohort may foreshadow health complications for the expanding HEU population.

Our findings with regard to obesity add to growing evidence of metabolic derangements in 

the HEU population that begin in early life. In particular, HIV-negative infants with in utero 

HIV exposure have been shown to have lower pre-prandial insulin levels and altered fuel 

substrate utilization.6 Abnormalities in mitochondrial structure and function have also been 

described among HEU infants and children, even in the absence of ART exposure.28–30 

Moreover, pooling data from the PHACS and NHANES cohorts, Jao et al. recently found 

that HEU youth (ages 6–18 years old) with obesity had higher rates of hypertension but 

lower rates of insulin resistance and dyslipidemia compared to matched obese controls.31 

Taken together, these findings may indicate that in utero HIV exposure alters the metabolic 

program, predisposing not only to obesity but also to a distinct obesity phenotype among 

HEU individuals. Further studies are needed to elucidate the pathophysiology of elevated 

BMI in the HEU population so as to optimize prevention and treatment strategies for this 

group.

In addition to our findings pertaining to obesity, the current study is the first to suggest that 

HEU adolescents and young adults have an increased susceptibility to RAD compared to 

well-matched controls. Since our study was focused on long-term health outcomes, only 

individuals with a documented diagnosis of RAD or asthma beyond 12 years of age were 

classified as having RAD in this analysis. We further corroborated our findings by 

comparing the prevalence of asthma-like symptoms during adolescence or young adulthood 

between groups, defined as a documented diagnosis of RAD plus the use of an albuterol 

inhaler beyond 12 years of age. Importantly, the association of in utero HIV exposure with 

RAD remained significant upon controlling for obesity in a multivariable model, which 

implies that these two long-term health outcomes are independent of one another.

Our findings of increased RAD in HEU individuals are notable in the context of growing 

evidence of immune dysregulation among the HEU population. In particular, pro-

inflammatory cytokines have been found to be elevated in HEU infants, independent of 

maternal cytokine levels.7,8 Remarkably, HEU children and adolescents also have been 

shown to exhibit abnormalities in T and B lymphocyte subsets despite many years since 

their last exposure to HIV viral antigens.32,33 Additionally, CD4+ T cells from HEU infants 

were found to exhibit a preferential Th2 response, mirroring the shifted Th1/Th2 ratio seen 

among individuals with HIV infection.9 The current study may extend evidence of immune 
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dysregulation among the HEU population, demonstrating an increased prevalence of RAD in 

HEU adolescents and young adults. A caveat in this regard is that the pathogenesis of RAD 

may be multifactorial, although airway inflammation has been described to play a key role.
34 Further immune phenotyping of HEU individuals during the transition to adulthood is a 

critical area for future study.

In our comparison of HEU individuals to the general population, we controlled for numerous 

biologically relevant factors through our experimental design and statistical analysis plan. 

By matching subjects on age, sex, race/ethnicity, and zip code, we achieved an even 

distribution between groups of key demographic factors that may modulate obesity and 

RAD risk.35 In particular, zip code serves as a crude surrogate for socioeconomic status as 

well as neighborhood characteristics. Indeed, previous studies have shown that zip code-

based parameters including median household income have been associated with an 

individual’s likelihood of obesity and asthma.36–38

Beyond our matching strategy, we adjusted for multiple biologically relevant characteristics 

in multivariable models, among the most notable of which is maternal BMI. Maternal BMI 

reflects an aggregate of factors that may modulate obesity in offspring including lifestyle 

habits in the household as well as shared genetic susceptibility.39 Consistent with previous 

reports,39–41 we found that obesity in mothers at 35 to 50 years of age was associated with 

obesity in offspring during adolescence and young adulthood. However, even upon adjusting 

for maternal body habitus, HEU status remained independently associated with obesity later 

in life. Importantly, the prevalence of obesity among controls born to obese mothers 

approximated the prevalence of obesity among HEU individuals born to non-obese mothers. 

As such, maternal obesity and HEU status may represent “obesity risk equivalents” among 

adolescents and young adults.

The independent association of in utero HIV exposure with obesity and RAD may implicate 

a role for the intrauterine environment in modulating long-term health. For example, in utero 

exposure to maternal obesity or gestational diabetes has been linked to obesity,13,42 insulin 

resistance,43,44 asthma,15 and autoimmunity45 later in life. Mechanistic studies have further 

postulated that epigenetic modifications during fetal development may contribute to these 

adverse outcomes.42 Notably, HIV infection is characterized by chronic immune 

activation46,47 and metabolic derangements,48,49 which may confer a pathologic intrauterine 

state. Though obesity and RAD are known sequelae of fetal exposure to other maternal 

diseases,13,15,42 this is the first study to demonstrate such findings in the context of maternal 

HIV infection.

Further supporting a potential biologic link between the intrauterine environment and long-

term health of HEU individuals, we showed a significant inverse association between 

maternal CD4+ T cell count during pregnancy and HEU BMI z-score in adolescence and 

young adulthood. This association persisted upon adjustment for additional prenatal 

maternal factors, including HIV-specific factors such as ART class. CD4+ T cell count is a 

clinical parameter used to monitor HIV infection with lower levels indicating more severe 

disease. This finding introduces the intriguing possibility that maternal immune 

dysregulation may be a key component of the HIV intrauterine environment that potentiates 
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metabolic disease risk later in life. Relatedly, in an animal model of maternal inflammation, 

exposure to the bacterial cell-wall product lipopolysaccharide (LPS) during pregnancy led to 

increased adiposity and insulin resistance in adult offspring.50 Additional studies are needed 

to investigate the contribution of HIV-associated maternal immune dysfunction to long-term 

metabolic outcomes among HEU individuals.

This study comprises, to our knowledge, the oldest cohort of HEU individuals to be 

compared to general population controls with an average age of 18 years old. As another 

strength of this analysis, we ascertained both birth history and long-term health outcomes 

among study subjects, as well as prenatal and contemporary history among mothers of most 

participants. Furthermore, HEU subjects and controls were matched on numerous 

demographic factors, and evidence of heightened susceptibility to obesity and RAD 

remained robust in models adjusting for biologically relevant parameters. HEU and control 

subjects also originated from the same patient data registry, which served as an additional 

mechanism to promote balance between groups. Lastly, charts were manually reviewed to 

confirm HEU status and to extract health information, which has been shown to be more 

accurate than reliance on diagnostic codes.51

The sample size included in this study was relatively small, and thus our study may have 

been underpowered to detect relationships between certain covariates. Nonetheless, to our 

knowledge, our cohort reflects the largest group of HEU adolescents and young adults to be 

compared to HIV-unexposed controls. Furthermore, our review of over 2,500 medical 

records to develop our study cohort indicates that the current sample is likely to be 

representative of the regional population. Differing patterns of abnormalities may be seen 

among HEU adolescents and young adults in resource-limited settings, and studies are now 

needed in this regard. Moreover, while we did not observe relationships of prenatal ART 

class with obesity or RAD, the impact of maternal ART on long-term health outcomes 

among HEU individuals should be further evaluated in future work. Subjects included in our 

multivariable models, who had all data available, were comparable to those in our overall 

sample. Our findings also remained robust in sensitivity analyses involving multiple 

imputation of missing data. Lastly, we could not adjust for covariates that were not routinely 

recorded in the medical record such as individual-level household income and infant feeding 

practices, and thus there was a potential for residual confounding. Even so, our findings 

persisted in quantitative bias analyses that accounted for expected differences in 

breastfeeding practices between groups, utilizing conservative estimates.

In conclusion, we show for the first time that HIV-negative individuals with in utero HIV 

exposure had a significantly heightened prevalence of obesity and RAD, clinically relevant 

comorbidities, in adolescence and young adulthood compared to HIV-unexposed controls. 

This study suggests the need to prospectively evaluate the extent of metabolic and immune 

dysregulation among HEU adolescents and young adults as well as to further elucidate 

potential mechanisms of disease. Only by characterizing long-term disease burden among 

HIV-negative individuals with in utero HIV exposure can we optimize clinical care for this 

burgeoning global population.
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Figure 1: Flow of Study Participants.
50 HEU individuals and 141 HIV-unexposed controls were included in this analysis. 

Controls were randomly matched to HEU participants up to 3:1 on age of last encounter (± 2 

years), birthdate (± 5 years), sex, race/ethnicity, and zip code. A total of 42 HEU subjects 

had 3 matched controls, whereas 7 subjects had 2 matched controls and 1 subject had 1 

matched control.
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Figure 2: Obesity and Reactive Airway Disease Among HEU Adolescents versus Controls.
A) HEU adolescents and young adults had a higher prevalence of obesity (42% vs. 22%, P = 

0.009) and reactive airway disease (40% vs. 23%, P = 0.03) compared to HIV-unexposed 

controls. P-values were determined by chi-square test. B) HEU adolescents and young adults 

had a higher sex- and age-adjusted BMI z-score versus HIV-unexposed controls (1.12 ± 1.08 

vs. 0.73 ± 1.09, P = 0.03). Boxes and error bars correspond to mean and standard error of the 

mean, respectively, with P-value based on two-tailed independent samples t-test.
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Figure 3: Adolescent Obesity by Study Group and Maternal BMI Category.
The prevalence of obesity in adolescents and young adults is shown by HEU status and 

maternal BMI category at 35 to 50 years of age. In utero HIV exposure (P = 0.007) and 

maternal obesity (P = 0.002) were independently associated with adolescent obesity in a 

multivariable model. The highest prevalence of obesity was among HEU individuals born to 

obese mothers. Notably, the prevalence of obesity among controls born to obese mothers 

approximated the prevalence of obesity among HEU individuals born to non-obese mothers.
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Figure 4: Association of Prenatal Maternal Factors with Obesity in HEU Adolescents.
A) Relationships between prenatal factors in mothers with HIV infection and obesity among 

HEU adolescents and young adults were expressed as odds ratios (OR) with 95% confidence 

intervals. OR for HIV duration pertains to a one-year change. NNRTI, non-nucleoside 

reverse transcriptase inhibitor; PI, protease inhibitor. B) Maternal CD4+ T cell count during 

pregnancy was inversely associated with BMI among HEU individuals in adolescence and 

young adulthood (r = −0.47, P = 0.01). The linear regression line is shown with the 95% 

confidence interval.
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Table 1:

Characteristics of Mother-Adolescent Dyads

A) Adolescents and Young Adults

HEU Adolescents (n = 50) Controls (n = 141) P-value

Demographic Characteristics

Age, years 18 ± 3 19 ± 3 0.12

Male, % 54 54 0.99

Race/Ethnicity, %

>0.99

 White 26 26

 Black 40 40

 Asian 2 2

 Hispanic 30 31

 Other 2 1

Median household income, $ 57,391 [51,875, 85,399] 57,143 [51,875, 80,829] 0.86

Deceased mother, % 9 4 0.24

Behavioral Health

Ever tobacco use, % 13 12 0.82

Birth History

Birth weight, kg 3.1 ± 0.6 3.3 ± 0.7 0.20

Full term, % 80 88 0.20

C-section, % 40 22 0.03

B) Mothers of Adolescents and Young Adults

Mothers of HEU Adolescents (n = 48) Mothers of Controls (n = 97) P-value

General Prenatal History

Age at delivery, years 30 ± 4 28 ± 7 0.11

Earliest BMI during pregnancy, kg/m2 27.2 ± 4.7 27.6 ± 5.1 0.75

Obesity during pregnancy, % 25 31 0.60

Diabetes during pregnancy, % 0 5 0.14

Preeclampsia, % 0 4 0.23

HIV-Specific Prenatal History

Duration of HIV, years 4 [1, 7]

CD4 count, third trimester, cells/mm3 a 402 [191, 621]

HIV viral load < 400 copies/mL, third trimester, % 73

ART during pregnancy, % 93

 NRTI 93

 NNRTI 26

 PI 48

Contemporary Maternal Characteristics

Education, % 0.60
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 Less than high school degree 20 18

 High school degree 56 49

 College degree 24 33

BMI, 35–50 years old, kg/m2 27.0 ± 6.8 31.6 ± 6.9 0.001

BMI category, 35–50 years old, %

0.003

 Underweight 0 0

 Normal weight 45 22

 Overweight 29 18

 Obese 26 60

Ever tobacco use, % 50 30 0.03

Variables that are normally distributed are expressed as mean ± SD, whereas variables that are not normally distributed are expressed as median 
[IQR]. Bold text denotes statistical significance with P < 0.05.

Abbreviations: C-section, Cesarean section; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase 
inhibitor; PI, protease inhibitor.

The following number of study participants had data available (HEU, control): (A) adolescent age (50, 141); sex (50, 141); race/ethnicity (50, 141); 
median household income (50, 141); deceased mother (44, 116); ever tobacco use (45, 133); birth weight (34, 58); full term (45, 86); C-section (45, 
82) (B) maternal age at delivery (48, 94); earliest BMI during pregnancy (32, 29); diabetes during pregnancy (41, 59); preeclampsia (40, 56); 
duration of HIV (47), third-trimester CD4 count (30), third-trimester HIV viral load (30); ART during pregnancy (44); education (41, 78); BMI at 
35–50 years old (38, 68); ever tobacco use (44, 82).

a
One maternal CD4+ T cell count was removed prior to analysis as an outlier confirmed by the Dixon test.
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