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Abstract
Objective—To describe the effects of age at ART initiation on growth outcomes among children
infected with HIV followed for 48 months after treatment initiation.

Study design—This secondary analysis describes anthropometric changes in children infected
with HIV in Johannesburg, South Africa who initiated ritonavir-boosted lopinavir (LPV/r)-based
ART before 24 months of age and were randomized to continue LPV/r or to receive nevirapine
after achieving and maintaining virologic suppression. Weight, height, and head circumference
were measured at visits over 48 months post-ART initiation. Growth patterns including z-scores
for weight for age (WAZ), height for age (HAZ), BMI for age, and head circumference for age
(HCAZ) were compared between children initiating ART <6 months, 6–12 months, and 12–24
months of age.

Results—195 children (mean±SD age 10.7±5.9 months), including 54(27.7%) <6 months,
69(35.4%) 6–12 months, and 72(36.9%) 12–24 months of age at ART initiation, were evaluated.
In the first 12 months on treatment, children <6 months of age at ART initiation experienced more
rapid improvement in WAZ (1.98 vs. 1.44, p=0.084) and HCAZ (1.24 vs. 0.45, p=0.004) than
children who initiated ART between 12–24 months of age. By 48 months on ART, growth
outcomes were similar, regardless of age at ART initiation. WAZ approached population norms by
12 months on ART. Although improving, HAZ remained on average 1.0 z-score below population
norms at 48 months of therapy.
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Conclusions—Initiation of ART before 6 months of age results in more rapid growth recovery
in children infected with HIV. These data provide further evidence for the importance of prompt
diagnosis and early initiation of ART for infants infected with HIV.
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Perinatally-acquired HIV infection is associated with poor growth, including compromised
weight, height, and head circumference.1–4 As poor growth is both a sensitive indicator of
HIV disease progression and an independent risk factor for mortality,4 developing
interventions to optimize growth during infancy and early childhood is particularly
important.4

In developed countries, the availability of antiretroviral therapy (ART) has dramatically
improved both growth and survival of children infected with HIV12.5–9 ART-related
improvements in weight-for-age z-scores (WAZ) occur before improvements in height-for-
age z-scores (HAZ).6 In the US, children infected with HIV have been reported to achieve
normal weight (WAZ=0) within a year and near normal height (HAZ=0) within 2 years after
initiation of ART.7, 8 The age of the child at the time of ART initiation appears to be
important. Initiating ART at ages younger than 3 years has been reported to result in more
rapid early weight gain and more pronounced trajectories towards growth normalization.8, 9

Improvements in growth also have been demonstrated in studies in sub-Saharan Africa,
where more than 90% of the 2.5 million children living with HIV currently reside and where
childhood malnutrition is highly prevalent.10 Follow-up periods for these studies range from
4 months to 24 months after ART initiation; less attention has been given to periods beyond
24 months.11–16 Several African studies also have indicated that earlier age at initiation of
treatment has a positive effect on growth.12–14 Further studies focusing on infants and young
children infected with HIV, with longer follow-up periods, are necessary to investigate when
ART should be initiated in order to support a more rapid catch-up to population growth
norms, and to optimize long-term growth outcomes.

We describe the effects of age at ART initiation (before 6 months, 6–12 months, and 12–24
months) on growth outcomes, including weight, height, body mass index (BMI), and head
circumference, among children infected with HIV followed for over 48 months after
initiation of treatment in the context of a clinical trial.

METHODS
We performed a secondary data analysis of anthropometric changes in children infected with
HIV followed prospectively through 48 months of therapy as part of a clinical trial
(ClinicalTrials.gov: NCT00117728) from ART initiation. The analysis evaluates the effect
of age at ART initiation on growth outcomes. The data were collected as a part of a
randomized trial that assessed the reuse of nevirapine in children who previously were
exposed to single-dose nevirapine prophylaxis at birth and who were younger than 24
months of age at ART initiation.17 Between April 8, 2005 and July 10, 2007, 323 children
were recruited at Rahima Moosa Mother and Child Hospital in Johannesburg, South Africa;
195 of these children who achieved and sustained plasma HIV-1 RNA <400 copies/mL for
at least 3 months within the first 12 months of treatment were randomized and included in
our analysis. Signed informed consent was obtained from the child’s parent or guardian. The
study was approved by the Institutional Review Boards of Columbia University (New York,
NY) and the University of the Witwatersrand (Johannesburg, South Africa).
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At pre-treatment, sociodemographic information was collected, a medical history was
obtained, weight (kg), height (cm), and head circumference (mm) were measured, and blood
samples (for CD4 T-cell determination and HIV-1 RNA quantity) were collected.
Subsequent visits were scheduled at 0.5, 1, 2, 3, and every 3 months thereafter to detect viral
suppression up to 12 months post-ART initiation until randomization, and at 0.5, 1, 2, 4, 6,
9, 13, 16, and 19 months after randomization. Blood samples for plasma HIV-1 RNA
quantification were collected at 1, 4, 6, 9, 13, 16, and 19 months and for CD4 cell
determination at 4, 6, 9, 13, 6, and 19 months and both every 3 months thereafter until study
completion in June 2010. At all visits, weight, height, and head circumference were
measured by trained clinicians using a standardized protocol. A digital scale was used to
weigh the children, recumbent height was measured using an infantometer for children ≤24
months of age, and standing height was measured with a wall-mounted stadiometer for those
>24 months of age. Head circumference was measured using a flexible anthropometric tape
measure. BMI was calculated as weight (kg) divided by height (m2). Weight-for-age
(WAZ), height-for-age (HAZ), BMI-for-age (BAZ), and head circumference-for-age
(HCAZ) z-scores were calculated using World Health Organization standards.18

Underweight was defined as WAZ less than −2, stunting as HAZ less than −2, and wasting
as BAZ less than −2. HCAZ were not available for children beyond 5 years of age.

Children older than 6 months were initiated on treatment with LPV/r (230 mg/m2),
stavudine (1 mg/kg), and lamivudine (4 mg/kg) every 12 hours. Children younger than 6
months or those receiving tuberculosis treatment were initiated using ritonavir (400–450 mg/
m2), stavudine, and lamivudine every 12 hours and changed from ritonavir to LPV/r once
they were older than 6 months or completed tuberculosis treatment. Eligible (ie, HIV-1 RNA
<400 copies/mL for 3 months) children were randomly assigned to either continue LPV/r
regimen or receive nevirapine (120 mg/m2 every 24 hours for the first 2 weeks and 200 mg/
m2 every 12 hours thereafter). Children with HIV-1 RNA >1000 copies/mL were recalled
and retested within 4 weeks if possible. If adherence difficulties were noted, additional
counseling was provided. If persisting HIV-1 RNA levels >1000 copies/mL were noted
despite adherence counseling, children in the nevirapine group were returned to the LPV/r-
based regimen.

Statistical Analyses
For this analysis, only scheduled visits were included and data were truncated to the 48
month visit. At the time of this analysis, 94 (48.2%) children reached 48 months after
initiation of ART or beyond. Children were divided into three groups based on their age at
ART initiation: <6 months, 6–12 months, and 12–24 months. Pre-treatment characteristics
for these groups were compared using chi-squared tests for categorical variables, ANOVA
and pairwise t-tests for normally-distributed continuous variables, and Kruskal-Wallis tests
for non-normally distributed continuous variables.

Locally weighted scatterplot smoothing (LOESS) was used to generate curves of WAZ,
HAZ, BAZ, and HCAZ by time on ART stratified by age at ART initiation. Stratified plots
were also generated for other potential risk factors of poor growth including sex, low
birthweight (<2500 grams), high pre-treatment HIV-1 RNA (>750,000 copies/mL),
randomization group, being underweight pre-treatment (WAZ <-2), and being stunted pre-
treatment (HAZ <-2).

To examine the effects of age at ART initiation and other risk factors on WAZ, HAZ, BAZ,
and HCAZ, generalized estimating equations (GEE) were used. A first order autoregressive
correlation structure was used under the assumption that the standard errors for correlations
between measurements for each subject diminished as the time interval between the
measurements increased. Other correlation structures produced similar results. Separate
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GEE models were fit for specific time periods if inspection of the plots indicated likely
different effects over different time periods. Interaction terms were used to evaluate effect
modification. GEE models were also used to generate estimates of the magnitude of change
in growth per year on treatment. Interaction between age group and time on ART was
assessed.

To describe mean growth outcomes (WAZ, HAZ, BAZ, and HCAZ) by age at ART
initiation, 3-month post-ART initiation time points were created. A window period of 45
days was allowed for each time point. Proportions of children who were underweight and
stunted at each of these 3-month time points were also described.

Kaplan-Meier methods were used to describe the proportion of children failing to achieve
target growth milestones. These analyses were restricted to those underweight and stunted
pre-treatment. Because more than 90% of these children failed to achieve HAZ≥0 by 24
months post-ART initiation, we could not use the population norm of HAZ=0 for this
analysis and instead defined the target height milestone as HAZ ≥−1. Target weight
milestone was defined as WAZ ≥0. Groups were compared using log-rank tests. Hazard
ratios were calculated using Cox Proportional Hazards models using <6 months as a
reference group. A p-value of <0.05 was considered statistically significant. Statistical
analyses were performed using SAS Version 9.2 (SAS Institute Inc, Cary, North Carolina).

RESULTS
Pre-treatment Characteristics

Of the 195 children infected with HIV included in the analysis, 99 were randomized to
continue on LPV/r and 96 to begin nevirapine. By the end of the study, 156 children
(including 85 continued on LPV/r and 71 switched to nevirapine) completed extended
follow-up, 6 children died, 28 were lost to follow up, and 5 transferred out of the study.
Total observed time on ART ranged from 6.4 months to 68.3 months, with a median of 47.6
months and mean of 46.1±12.7 months.

Pre-treatment characteristics of the 195 children included in this analysis by age at ART
initiation are presented in Table I. Of the 195 children, 104 (53.3%) were male. Mean age at
ART initiation was 10.7±5.9 months, with 54 (27.7%) children <6 months old, 69 (35.4%)
6–12 months old, and 72 (36.9%) 12–24 months old. There were no differences in sex,
randomization group, or proportions of children with low birthweight (<2500 grams) or high
pre-treatment HIV-1 RNA (>750,000 copies/mL) between the age groups. Children 12–24
months at ART initiation had a lower percentage of CD4 cells prior to treatment than
children 6–12 months and children <6 months at ART initiation. More children were stunted
(76.3%) than underweight (51.1%) or wasted (21.4%) prior to starting therapy. Pre-
treatment WAZ, HAZ, BAZ and HCAZ and proportions of children underweight, stunted, or
wasted were not different between the three age groups.

Growth by Age at ART Initiation
Children contributed 4160 weight, 4156 height, and 4066 head circumference measurements
through 48 months to the curves of WAZ, HAZ, BAZ, and HCAZ by time on ART stratified
by age at ART initiation (Figure 1). Mean WAZ, HAZ, BAZ, and HCAZ by age group at 3-
month post-ART initiation time points are presented in Table II (available at
www.jpeds.com).

Weight—For all age groups, WAZ increased rapidly during the first 12 months on
treatment and stabilized thereafter at approximately 0.5 z-scores below population norms
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through 48 months. In the first 12 months on treatment, children <6 months and 6–12
months of age at ART initiation experienced increases of 1.98 and 1.96 z-scores,
respectively, and children 12–24 months at ART initiation increased 1.4 z-scores; this
difference was not significant (p=0.084). Between 18–36 months on ART, children who
initiated ART 12–24 months had a significantly lower WAZ than children who initiated
ART <6 months (b= −0.469, p=0.016). Between 36–48 months, children 12–24 months at
ART initiation increased 0.106 z-scores whereas children <6 months dropped 0.1 z-scores
(p=0.014) (Figure 1, A).

Height—HAZ increased steadily through 48 months but all three groups failed to reach
population norms (HAZ=0), remaining on average 1.0 z-score below population norms.
Between 12–24 months on treatment, children <6 months at ART initiation experienced a
greater increase in height (1.56 z-scores), and children 12–24 months at ART initiation
increased 0.755 z-scores (p=0.004). Between 24–36 months on ART, children who initiated
ART 12–24 months had a significantly lower HAZ than children who initiated ART <6
months (b=−0.545, p=0.009). However, between 36–48 months on treatment, height growth
for children <6 months at ART initiation slowed down, with a negligible change of 0.04 z-
scores, and those who initiated ART 12–24 months of age experienced a 0.286 increase in z-
score; this difference was significant (p=0.029) (Figure 1, B).

BMI—For all age groups, BAZ increased dramatically in the first 12 months of treatment as
WAZ increased, and then declined between 12 and 48 months on treatment as HAZ began to
increase with no further changes in WAZ. No significant differences in BAZ were seen
between age groups after 21 months on ART (Figure 1, C).

Head Circumference—HCAZ steadily rose after ART initiation for all groups from a
sub-normal z-score to a z-score above 0. Children 12–24 months at ART initiation had a
significantly higher HCAZ than children <6 months at ART initiation in the first 6 months
on treatment (b=0.580, p=0.026). In the first 12 months on treatment, children <6 months at
ART initiation increased 1.24 z-scores compared with children 12–24 months at ART
initiation, who increased 0.452 z-scores (p=0.004). After 12 months on ART, there were no
significant differences in HCAZ between groups (Figure 1, D).

Growth by Other Risk Factors
Although females had a significantly higher HAZ than males (b=0.311, p =0.049) for all 48
months on treatment, no significant differences in WAZ, BAZ, or HCAZ were detected
(data not presented). No significant interactions between age at ART initiation and sex were
detected. The 24 children with low birthweight (<2500 grams) consistently had a
significantly lower WAZ (b=−0.974, p<0.0001), HAZ (b=−0.630, p=0.003), BAZ (b=
−0.845, p<0.0001), and HCAZ (b=−0.523, p=0.015) for all 48 months on ART compared
with children with higher birthweight (Figure 2). No differences in growth outcomes relative
to time on ART were detected between children with pre-treatment VL >750,000 copies/mL
and VL <750,000 copies/mL.

We have previously reported significantly higher changes in WAZ post-randomization in the
group that switched to NPV compared with those continuing on LPV/r.17, 19 The differences
were most consistent in the first year after randomization. In these prior papers, we also
reported no differences between the groups in WAZ and HAZ over time. In this analysis, we
found no evidence of interaction between age at ART initiation and randomization
group.1922
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Children Underweight or Stunted Pre-treatment
Plots of WAZ and HAZ over time on treatment by pre-treatment categories are presented in
Figure 3 (available at www.jpeds.com). The 91 children underweight pre-treatment had a
significantly lower WAZ for all 48 months on treatment compared with children who were
not underweight (b=−1.336, p<0.0001). In the first 12 months on treatment, children
underweight pre-treatment increased 2.49 WAZ compared with children not underweight,
who increased 0.85 WAZ (p<0.0001). The 132 children stunted pre-treatment had a
significantly lower HAZ for all 48 months on treatment compared with non-stunted children
(b=−0.76, p<0.0001). In the first 12 months on treatment, children stunted pre-treatment
declined 1.21 z-scores in HAZ compared with non-stunted children, who increased 0.674 z-
scores in HAZ (p<0.0001). Children underweight and stunted pre-treatment also had a
significantly lower BAZ and HCAZ for all 48 months on treatment (data not presented).

Hazard ratios of failing to achieve target population growth norms of those underweight and
stunted pre-treatment are presented in Table III. Underweight children age 12–24 months at
ART initiation were 2.4 times more likely to fail to achieve the target weight milestone
(WAZ=0) compared with underweight children started at <6 months (p=0.039). Stunted
children age 12–24 months at ART initiation were 3.0 times more likely to fail to achieve
the target height milestone (HAZ=−1) compared with stunted children started at <6 months
(p=0.013).

DISCUSSION
In this study of South African children infected with HIV initiated on ART before 24
months of age and maintained on therapy with adequate virologic and immunologic
response, WAZ, HAZ, BAZ, and HCAZ all improved considerably following treatment
initiation. Early rapid weight gain was most pronounced among children started on ART
during the first 6 months of life. A similar pattern in statural growth also was seen following
some inconsistencies in the initial 6 months on ART. Growth benefits with earlier age of
ART initiation have been reported in some studies of African children.12–14 In contrast to
our study, however, these reports did not distinguish between children started on ART
before or after 6 months of life. Although we did not specifically investigate reasons for the
more rapid catch-up growth in children who initiate ART less than 6 months of age, a
number of HIV-related neuroendocrine and gastrointestinal abnormalities such as growth
hormone insensitivity and nutrient malabsorption, which adversely affect growth, may be
less prevalent in these younger age groups.20

Children <6 months of age were initiated on ritonavir for an average of 2 months before
changing to LPV/r therapy, as dosing guidelines for LPV/r were not yet established for this
age group at the time of this study. In light of ritonavir’s known adverse gastrointestinal
effects, it is possible that better growth could have been achieved had these children started
on LPV/r at earlier ages.

Similar to other studies, height improvements lagged behind weight.7, 8, 11, 12 Although the
general trajectories of growth were similar to a study of children in the United States, the
children in the United States normalized weight (WAZ=0) within 6 months on ART and
nearly normalized height (HAZ=0) after 2 years on ART,8 whereas children in our study, on
average, required 12 months to reach normal weight and continued to be almost one
standard deviation below normal height after 48 months on ART.9 Other African studies
have also demonstrated increases in WAZ and HAZ without reaching normal values.15, 1620

It is unknown if height increases beyond 48 months will eventually catch-up to the
population norm (HAZ=0) with continued viral suppression on ART. This lower attained
height may reflect high rates of stunting in the underlying population, irrespective of HIV.21
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ART showed a clear benefit for children with low birthweight, who experienced a growth
pattern similar to children with normal birthweight. However, growth outcomes of children
with low birthweight remain significantly lower through 48 months on treatment, and these
children did not catch-up to those with normal birthweight. This growth restriction is similar
to that observed in uninfected low birthweight babies who also attain a weight for age below
that of their normal birthweight peers.22

Of note, the proportions of children in our cohort underweight (51.7%) and stunted (76.3%)
pre-treatment were similar to other African studies.12, 14, 16 In the first 12 months on
treatment, children underweight pre-treatment experienced a significant catch-up in weight
and children stunted pre-treatment experienced a significant catch-up in height towards
normalization compared with children not underweight or stunted. However, their attained
weight and height remained below those children who were not underweight or stunted pre-
treatment. Our results are consistent with other observations in African cohorts.14, 16 A
study in Malawi reported that children with low pre-treatment z-scores demonstrated the
steepest increase after starting ART.16 Underweight and stunted children in our study who
initiated treatment before 6 months of age achieved target growth milestones more rapidly
than children who initiated treatment 12–24 months of age.16

We have previously reported that, relative to the time of randomization, there are short-term
weight increases in the “switch group.”17, 19 This is consistent with the P1060 trial of LPV/r
vs. nevirapine-based primary therapy for exposed infants, which saw improved WAZ and
HAZ for children on nevirapine, albeit not significant, at all study visits up to 24 months.23

By 48 months of treatment, all growth measurements had attained similar levels regardless
of age at treatment initiation. We did not evaluate if there are additional beneficial health
outcomes conferred to those with early rapid growth improvement. In general, suboptimal
postnatal weight gain is associated with an increased risk for diarrhea, pneumonia, malaria,
measles, and death,24 and a more rapid growth recovery may reduce the overall risk of
morbidity and mortality from infectious diseases. Rapid height catch-up also reduces risk for
irreversible stunting, which can be stigmatizing and lead to poor pregnancy and birth
outcomes and decreased work capacity in later life.25 Data from otherwise healthy children
suggests that optimal postnatal growth in early infancy may also improve later intellectual
development.26,27 Although the interpretation of head circumference in our study was
complicated by pre-treatment differences between the age groups, the observed overall
improvement in head circumference is encouraging.

Although our study extends the length of follow-up reported in most studies of HIV-specific
childhood growth in Africa and incorporates more frequent measurements, there are a
number of limitations. This was a randomized clinical trial that monitored children closely
and included only those who attained viral suppression in the first 12 months of therapy.
Thus, growth trajectories are unlikely to be representative of cohorts with poorer adherence,
or of children with poorer initial virologic response to treatment. It should be noted that
children were retained in the analysis even if they had virologic failure at a later time point.
However, numbers of later failure were too few for meaningful analysis of the effect of viral
failure on growth. Additionally, most children in our cohort were formula fed and did not
receive the benefits of breastfeeding. It is unknown what additional benefits this may
provide. Furthermore, our study did not include measurement of other known or potential
pathways or mechanisms for growth differences, such as immune activation, neuroendocrine
or gastrointestinal abnormalities, or dietary practices. However, it is unlikely that diet or
other nutritional factors would differ between children initiating therapy at different ages
and is unlikely to influence the results. Finally, an estimated 9% of children in Gauteng
province are underweight according to the most recent National Food Consumption
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Survey.21 Thus, this study may not be as generalizable to other populations in sub-Saharan
Africa with higher background rates of underweight children.28 The study also lacks a
control (uninfected) group but age and sex adjusted population z-scores are utilized in order
to make standardized comparisons.

Our study demonstrates that excellent growth outcomes can be achieved in virally
suppressed children with good adherence on ART, and presents strong evidence that early
ART plays an important role in the rate of growth recovery in young children infected with
HIV. Our findings provide further support for the importance of prompt identification and
immediate initiation of ART for infants infected with HIV in order to optimize growth
outcomes. Even though implementing early infant diagnosis services in low-resource
settings has proved challenging, our results, as well as those from the CHER study in which
earlier ART led to a 76% reduction in mortality and 75% reduction in HIV disease
progression,29 reinforce the importance of these services. Whether this rapid growth will be
beneficial for subsequent health outcomes across the lifecourse requires further study. As
children infected with HIV commonly now survive to adolescence and adulthood on lifelong
ART, optimizing early growth may play an important role in improving their long-term
clinical outcomes and quality of life.
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Figure 1.
LOESS plots of WAZ, HAZ, BAZ, and HCAZ over time from ART initiation (in months)
stratified by age at ART initiation
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Figure 2.
LOESS plots of WAZ, HAZ, BAZ, and HCAZ over time from ART initiation (in months)
stratified by birthweight
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Figure 3.
LOESS plots of WAZ over time from ART initiation (in months) stratified by pre-treatment
WAZ category (<-2 vs. >-2) and HAZ over time stratified by pre-treatment HAZ category
(<-2 vs. >-2)
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