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HIV Reports

Background: There are concerns about the adverse effect of in-utero expo-
sure to antiretroviral therapy (ART) on the growth of HIV exposed-unin-
fected (HEU) infants. We compared growth of HEU-infants according to 
the timing and type of ART exposure.
Methods: A retrospective cohort study was conducted by abstracting clini-
cal data from HIV-infected mothers and HEU-infants in Addis Ababa, Ethi-
opia between February 2013 and October 2016. Mixed-effects linear mod-
els were used to compare changes in weight and length and cox proportional 
hazard models were used to evaluate stunting (length-for-age z score <−2.0) 
and underweight (weight-for-age z score <−2.0).
Results: A total of 624 HEU-infants were included in the analyses. Infants 
exposed to ART from conception had a lower rate of change in length  
[β = −0.54, 95% confidence interval (CI): −1.00 to −0.08] the first 3 months 
of life, as compared with infants exposed from late pregnancy. Risk of stunt-
ing was 51.9 per 100 person-years and risk of underweight was 26.7 per 
100 person-years. Exposure to ART from conception was associated with 
a higher rate of stunting as compared with exposure from late pregnancy 
(adjusted hazard ratio = 1.95, 95% CI: 1.27–2.99). Infants born to mothers 
with advanced disease had a higher incidence of underweight compared 
with infants born to mothers with early-stage disease adjusted hazard ratio 
= 1.99, 95% CI: 1.32–3.03).
Conclusions: In HEU-infants, exposure to ART from conception was 
associated with decrease growth during early infancy and higher inci-
dence of stunting compared with treatment exposure later in pregnancy. 
Close monitoring of HEU-infants’ growth and prompt nutritional inter-

vention is essential.

Key Words: HIV-exposed infants, antiretroviral therapy, infant growth

(Pediatr Infect Dis J 2020;39:730–736)

Antiretroviral therapy (ART) during pregnancy prevent mother-
to-child transmission of HIV and improve maternal health.1–4 

Currently, most (82%) HIV-infected pregnant women have access 
to ART.5 The estimated number of HIV exposed-uninfected (HEU) 
infants reached 14.8 million in 2018, and of these 13.2 million are 
from sub-Saharan Africa.5

Studies indicate that HEU-infants experience growth restric-
tion,6–11 and excess morbidity and mortality,12,13 compared with HIV-
unexposed infants. There are also reports of an association between 
in-utero ART exposure and growth faltering from resource-limited 
settings. For instance, a study from Botswana reported that in-utero 
exposure to ART was associated with both lower length-for-age 
z-scores (LAZ) and weight-for-age z-scores (WAZ) at 24 months of 
age.14 Another study showed that infants exposed to ART had a lower 
WAZ at birth, but a differential and more rapid increase in WAZ and 
a slower change in LAZ the first 2 months of life than zidovudine 
(ZDV) monotherapy exposed infants but the 2 groups experienced 
similar rate of growth from 3 to 6 months.15 Furthermore, exposure to 
any type of antiretroviral drugs was associated with lower WAZ and 
LAZ versus no ART in South Africa.16 Studies evaluating timing of 
in-utero ART exposure also reported inconsistent findings.17,18 Data 
from developed countries mostly showed no association between in-
utero ART exposure and growth of HEU infants.19–22 Other factors 
associated with HEU-infants’ growth include maternal disease sever-
ity,23 infant feeding practice,24 and sociodemographic factors.25

Given the inconsistency of the current evidence, additional 
data clarifying the role of timing and the potential differential 
impact types of ART exposure has on the growth of HEU-infants 
is essential. Evidence from resource-limited settings is particularly 
important, as a substantial number of these children have subopti-
mal growth, and malnutrition being a major cause of morbidity and 
mortality in these settings.26,27 Ethiopia is a low-income country 
with a high prevalence of child malnutrition. An estimated 38% of 
under-5 children are stunted and 24% underweight.28 The country 
is also home to a large number of HIV-infected women (approxi-
mately 410,000 women in 2017, and 67% of HIV-infected pregnant 
women were on ART in 2017).29 Therefore, the aim of this study 
is to compare postnatal growth up to 12 months of HEU-infants 
according to type and timing of in-utero ART exposure.

MATERIALS AND METHODS

Study Population
A retrospective cohort study was conducted in 5 health 

centers in Addis Ababa, Ethiopia. Information about HEU-infants 
born to HIV-infected women on ART between February 2013 and 
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October 2016 was abstracted from the Infant Follow-up Charts. 
We were able to obtain information from 683 singleton infant 
and mother pairs. To be included in the current study, the children 
needed to have information on maternal ART use, be HIV negative 
and have at least one anthropometric measurement available. The 
information gathered included sex, age, HIV status, breast-feeding 
status, and anthropometric measurements (weight and length) from 
birth to 12 months of age. The Ethiopian HIV treatment guideline 
at that time recommended that HEU-infants should be followed for 
the first 18 months of life. The follow-up was scheduled monthly 
for the first 6 months and every 3 months afterwards if the child is 
not sick. HIV-testing for HEU-infants is performed twice between 
6 weeks and 18 months,30 all infants included in this study were 
HIV-negative at the time of their first test. Anthropometric meas-
urements such as weight and length were performed by nurses 
who had in-service training on HIV-exposed infant management. 
Information about maternal demographic characteristics, clini-
cal and obstetric history, and ART regimen during pregnancy was 
abstracted from the mothers’ clinical charts and the ART databases. 
The study was approved by the Norwegian Regional Committees of 
Medical and Health Research Ethics of South/East Norway, Jimma 
University Ethical Review Board, and Addis Ababa City Adminis-
tration Health Bureau. This clinical chart review was regarded as 
clinical practice and outcome assessment, and did not require writ-
ten informed consent.

Growth Outcomes
Measures of weight (g) and length (cm) were taken at birth 

(no length measurement), 6 weeks, 10 weeks, 3 months, 4 months, 
5 months, 6 months 7 months, 8 months, 9 months, and 12 months. 
LAZ and WAZ scores were calculated based on age- and sex-spe-
cific reference values using the 2006 World Health Organization 
(WHO) reference values.31 LAZ or WAZ values less than −6 or 
greater than 6 were defined as implausible values and set to miss-
ing. Stunting (defined as LAZ <−2) and underweight (defined as 
WAZ <−2),32 were evaluated as secondary outcomes.

Exposure Variables
The exposure variables were timing and type of in-utero 

ART exposure and maternal disease progression. Timing of ART 
exposure was categorized as: exposed to ART from conception 
(mother started ART before pregnancy), early pregnancy (started 
ART before 14 completed weeks of pregnancy), and late pregnancy 
(started ART between 14 weeks of pregnancy and delivery). Types 
of ART regimens were categorized as a combination of tenofovir, 
lamivudine and efavirenz/nevirapine (TDF-3TC-EFV/NVP), a 
combination of ZDV, lamivudine and efavirenz/nevirapine (ZDV-
3TC-EFV/NVP) or protease inhibitor based ARTs. Maternal dis-
ease progression was categorized as early stage (CD4 count during 
pregnancy ≥200 cells/mm3 or WHO stage 1–2) or advanced stage 
(CD4 count during pregnancy <200 cells/mm3 or WHO stage 3–4).

Covariates
Additional information on maternal and infant characteris-

tics likely to be associated with exposures and infant growth out-
comes were collected. These include infant sex, and breast-feeding 
status which was categorized as “breast-fed” and “not breast-fed/
formula-fed” as recorded in the clinical chart. Moreover, mater-
nal characteristics during pregnancy, such as age in years, parity, 
level of education (no education, primary, secondary or college), 
and body mass index before pregnancy (kg/m2) were considered as 
potential confounders.

Statistical Analysis
We compared maternal and infant characteristics by tim-

ing and type of ART exposure using χ2 tests for categorical vari-
ables and Kruskal-Wallis tests for continuous variables. We exam-
ined differences in weight and length during the first year of life 
according to type and timing of ART exposure and maternal dis-
ease progression using mixed-effects linear regression. The models 
included linear splines for age (knot point at 3 months of age), a 
random intercept and slope, and an unstructured covariance matrix. 
We examined differences in growth between the exposure groups 
by including interaction terms between the exposures and the linear 
splines reflecting different age periods. The models were adjusted 
for the maternal and offspring characteristics described above. The 
findings are presented as mean differences in growth velocities 
with 95% confidence intervals (CIs). Differences in risk of stunt-
ing (LAZ <−2.0) and underweight (WAZ <−2) according to timing 
and type of ART exposure and maternal disease progression were 
calculated using Cox proportional hazard models, reporting hazard 
ratios (HRs) with corresponding 95% CIs. Children were followed 
from birth for the analysis of underweight, and from 6 weeks for 
the analysis of stunting, until they were first registered with the out-
come of interest or until the end of follow-up (12 months of age). 
The multivariate analyses were adjusted for the same covariates 
as the mixed-effects linear regression. In addition, we run logistic 
regression models to assess differences in stunting and underweight 
at 6 months and 12 months of age, according to timing and type of 
ART exposure and maternal disease progression, reporting odds 
ratios with 95% CIs. We used STATA version 14 for all analyses 
(Stata Corp., College Station, Texas).

RESULTS
From 683 mother and infant pairs, we excluded infants for 

whom information about maternal ART during pregnancy was 
not available (n = 11), infants who only had one anthropometric 
measurement (n = 43), and infants who were HIV-positive (n = 5). 
This left a total of 624 infant and mother pairs for analyses (Fig-
ure, Supplemental Digital Content 1, http://links.lww.com/INF/
D911). Among these, 239 (38.3%) infants were exposed to ART 
from conception (ART initiated before pregnancy), 95 (15.2%) 
were exposed to ART from early pregnancy, and 290 (46.5%) 
were exposed to ART from late pregnancy. Mothers of 531 (85%) 
children were on TDF-3TC-EFV/NVP during pregnancy and the 
type of ART differed according to duration of ART exposure. The 
median age of mothers during pregnancy was 28 years (interquar-
tile range 25–30). Mothers of infants exposed to ART since con-
ception were older, as compared with mothers of infants exposed 
from early or late pregnancy onwards. Mothers of children exposed 
to ART since conception also had a more advanced WHO disease 
stage, but their CD4 count was higher during pregnancy. Maternal 
education and body mass index did not differ significantly accord-
ing to duration of ART exposure. There was no strong evidence that 
infant sex or gestational age at birth differed by duration of ART 
exposure (Table, Supplemental Digital Content 2, http://links.lww.
com/INF/D912). The distribution of maternal and infant charac-
teristics by type of ART and maternal disease progression are pre-
sented in Tables, Supplemental Digital Content 3, http://links.lww.
com/INF/D913 and Supplemental Digital Content 4, http://links.
lww.com/INF/D914.

Observed Weight and Length
The average number of measurements per child was 7.9 for 

weight (range 2–11) and 6.1 for length (range 2–10). Average weight 
and length at each visit by infant sex and timing of in-utero ART are 
presented in Figure 1. Mean birth weight was 2.89 kg (SD = 0.54),  
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in infants exposed to ART since conception; 2.94 kg (0.48) in 
infants exposed to ART since early pregnancy, and 2.84 kg (0.47) 
in infants exposed to ART since late pregnancy (P = 0.13). Mean 
weight increased from 2.97 kg (SD = 0.49) at birth to 9.78 kg  
(SD = 1.11) at 12 months of age among male infants, and 
from 2.81 kg (SD = 0.47) to 9.03 kg (SD = 1.21) among 
female infants. Mean length at 6 weeks was 54.5 cm (SD = 
3.93) in infants exposed to ART since conception; 54.1 cm 
(SD = 4.48) in infants exposed since early pregnancy, and 
54.6 cm (SD = 3.98) in infants exposed since late pregnancy 
(P = 0.24). Average increase in length among male infants was 
from 54.9 cm (SD = 4.4) at 6 weeks of age to 71.7 cm (SD = 
4.3) at 12 months of age, while the average increase in length 
was from 53.8 cm (SD = 3.9) at birth to 71.3 cm (SD = 4.0)  
at 12 months of age among female infants (Fig. 1).

Difference in Weight and Length Growth Rate
The mixed-effects linear regression model, comparing 

infants exposed to ART from late pregnancy with infants exposed 
to ART from conception or early pregnancy indicated no strong 
evidence of a difference in birth weight or in the rate of weight 
gain up to 12 months of age (Table  1). Moreover, birth weight 

and rate of weight gain during the first 12 months of life did not 
differ by type of ART. Weight gain was lower among infants born 
to mothers with advanced disease compared with early stage of 
disease, from birth to 3 months of age (β = −73.5, 95% CI: −140.7 
to −6.4) (Table 1).

Infants exposed to ART from conception had lower rate of 
change in length in the first 3 months, as compared with infants 
exposed to ART from late pregnancy onwards (β = −0.54, 95% 
CI: −1.00 to −0.08). No strong evidence of a difference in the 
rate of change in length was observed between 3 and 12 months 
(β = −0.14, 95% CI: −0.31 to 0.03) (Table 2). We observed no 
difference in the rate of change in length between infants exposed 
from early pregnancy as compared with infants exposed from late 
pregnancy. There was also no strong evidence of a difference in 
the rate of change in length according to type of ART or maternal 
disease progression (Table 2). We also found a lower rate of length 
change associated with preconception ART compared with ART 
initiated during pregnancy (Table, Supplemental Digital Content 
5, http://links.lww.com/INF/D915). Evaluating the interaction 
terms between sex and the timing of ART exposure showed no 
evidence of any sex difference (P-value 0.15 for weight and 0.92 
for length).

FIGURE 1.  Mean weight and length by age of male and female HIV-exposed uninfected infants by time of in-utero ART 
exposure. The figure is based on observed data.

http://links.lww.com/INF/D915
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Z-score Comparison With the WHO Reference
The age and sex standardized weight of the children was 

below the WHO reference at birth, with a mean WAZ of −0.94 
(SD = 1.12). However, WAZ progressively improved with age and 
reached of 0.03 (SD = 1.10) at 12 months (Table, Supplemental 
Digital Content 6, http://links.lww.com/INF/D916). Similarly, LAZ 
were below the WHO reference at 6 weeks, with a mean of −0.90 
(SD = 2.10). Notably, LAZ progressively declined and reached 
−1.37 (SD = 1.74) at 12 months of age (Table, Supplemental Digital 
Content 6, http://links.lww.com/INF/D916). Findings from mixed-
effects linear regression analyses using WAZ and LAZ as outcomes 
were consistent with what was observed using weight and length 
(Tables, Supplemental Digital Content 7, http://links.lww.com/INF/
D917 and Supplemental Digital Content 8, http://links.lww.com/
INF/D918).

Stunting and Underweight
The rate of stunting among the children was 51.9 per 100 

person-years, while the rate of underweight was 26.7 per 100 per-
son-years. Kaplan-Meier curves of the probability of stunting and 
underweight according to timing of ART exposure are presented in 
Figures, Supplemental Digital Content 9, http://links.lww.com/INF/
D919 and Supplemental Digital Content 10, http://links.lww.com/
INF/D920. Infants exposed to ART from conception had higher 
risk of stunting as compared with infants exposed to ART from 
late pregnancy (adjusted HR = 1.95, 95% CI: 1.27–2.99). There 
was, however, no notable difference in the risk of stunting between 
infants exposed to ART from early compared with late pregnancy 
(adjusted HR = 1.10, 95% CI: 0.67–1.80) (Table 3). Infants born to 
mothers with advanced disease exhibited a significantly higher risk 
of underweight (adjusted HR = 1.99, 95% CI: 1.32–3.03) (Table 3). 
Using logistic regression, we found no difference in the prevalence 
of stunting and underweight at 6 or 12 months of age according to 
timing and type of ART exposure or maternal disease progression 
(Table, Supplemental Digital Content 11, http://links.lww.com/
INF/D921).

DISCUSSION
The number of HEU-infants is increasing in resource-limited 

settings as more and more HIV-infected women have access to ART. 
Clarifying the role of type and timing of in-utero ART exposure 
on growth of HEU-infants is therefore imperative. In the current 
study, we found no difference in birth weight or length at 6 weeks 
according to duration of ART exposure. However, infants exposed 
to ART from conception had a lower rate of change in length up to 
3 months compared with infants exposed to ART from late preg-
nancy. The observed difference seems temporary, since we found 
no difference in the rate of change in length from 3 to 12 months. 
Our analysis of the risk of stunting and underweight showed that 
infants exposed to ART from conception were at increased risk of 
stunting when compared with infants exposed to ART from late 
pregnancy. Maternal disease progression was positively associated 
with risk of underweight, but not stunting.

Prior studies evaluating the role of timing of ART exposure 
on HEU-infants growth report inconsistent findings. A study from 
Brazil described a difference in rate of length change comparing 
infants exposed to ART from early versus late pregnancy.17 How-
ever, this study included ZDV mono-therapy and dual therapy in 
addition to triple ART, and their analysis restricted to children 
exposed to triple ART showed no significant association. A South 
African study did not find an association between duration of expo-
sure to TDF-based ART and change in length through 12 months.18

In our study, comparing TDF-3TC-EFV/NVP versus ZDV-
3TC-EFV/NVP indicated no significant association with rate of T
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change in weight or length through 12 months of age. The finding is 
consistent with previous reports comparing TDF-based and non-TDF 
based ARTs.17,18,21,33–42 However, others report that infants exposed to 
TDF-based ART had significantly lower LAZ at 1 year of age43; a 
higher risk of under-weight (WAZ <5%) at age 6 months,35 and lower 
weight and length growth as compared with those without TDF.44 A 
systematic review and meta-analysis on this topic is forthcoming.45

We found a high probability of being stunted and under-
weight at least once, during the follow-up period. Our finding is 
consistent with reports of high risk of growth faltering among HEU-
infants.6,11,24,46–49 However, the finding may be a reflection of high 
burden of childhood malnutrition in resource-limited settings.28 
Stunting is associated with impaired cognitive development, low 
level of school attainment and other health consequences.50

In our study, a number of factors could explain the increased 
risk of stunting among infants exposed to ART from conception; 
mothers initiating ART before pregnancy could be sicker, since 
we have only adjusted for CD4 count and WHO disease stage dur-
ing pregnancy, but not for CD4 level at the time of HIV diagnosis. 
Moreover, micronutrient deficiency is common among women with 
advanced stage of disease, which could impact breast-feeding. The 
underlying biologic mechanism explaining the effect of in-utero 
ART exposure on infant growth is not clear. However, some stud-
ies theorized that ART, specifically nucleoside reverse transcriptase 
inhibitors, could damage mitochondrial DNA,51,52 resulting in 
restricted growth.

Our findings should be understood in light of the following 
limitations. The study was conducted in health centers located in 
urban areas of Ethiopia. The findings may therefore not be generaliz-
able to rural settings. Despite adjusting the analyses for a number 
of known confounders, the influence of unmeasured/residual con-
founding could not be excluded. For example, we could not adjust 
for family income, which is a predictor of infant growth. However, 
we were able to adjust for educational level, as a proxy for income. 
We analyzed anthropometric measurements taken as part of routine 
health care services for children. This might affect the findings due 
to observer and instrument variability. There were missing anthro-
pometric measurements (32% missing values for weight and 37% 
missing values for length at 12 months). We accounted for the dif-
ferential number of anthropometric measurements available by using 
mixed-effects linear regression. However, the missing measurements 
could have influenced our estimate of the effects on underweight and 
stunting. Infants’ HIV-status was determined from 6 weeks and any 
HIV infection that is first detectable later in the postnatal period is 
not known. However, this is unlikely to bias our findings as the rate of 
vertical transmission due to breast-feeding is minimal (<1%).53 Even 
though we were able to adjust for maternal CD4 count and WHO dis-
ease stage, we cannot exclude the possibility of residual confounding 
due to our inability to adjust for maternal viral load.

In conclusion, in this study, the HEU-infants exposed to 
ART from conception had a modest decrease in rate of change in 
length during the first 3 months of life and an increased risk of 
stunting, as compared with infants exposed to ART later in preg-
nancy. We also observed a greater risk of underweight among chil-
dren of mothers with an advanced disease stage. The health and 
growth of HEU-infants should be closely monitored and appropri-
ate nutritional interventions considered where necessary. Further 
research in resource-limited settings, evaluating the long-term 
growth of HEU-infants is warranted.
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