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ABSTRACT 

Objective: To describe pubertal growth spurts among adolescents living with perinatally-acquired 
HIV (ALWPHIV) on antiretroviral therapy (ART). 

Design: Observational data collected from 1994-2015 in the CIPHER global cohort collaboration. 

Methods: ALWPHIV who initiated ART age <10 years with ≥4 height measurements age ≥8 were 
included. Super Imposition by Translation and Rotation (SITAR) models, with parameters 
representing timing and intensity of the growth spurt, were used to describe growth, separately by sex. 
Associations between region, ART regimen, age, height-for-age (HAZ), and BMI-for-age z-scores 
(BMIz) at ART initiation (baseline) and age 10 years and SITAR parameters were explored. 

Results:  4,723 ALWPHIV were included: 51% from East and Southern Africa (excluding Botswana 
and South Africa), 17% Botswana and South Africa, 6% West and Central Africa, 11% Europe and 
North America, 11% Asia-Pacific, and 4% Central, South America, and Caribbean. Growth spurts 
were later and least intense in sub-Saharan regions. In females, older baseline age and lower BMIz at 
baseline were associated with later and more intense growth spurts; lower HAZ was associated with 
later growth spurts. In males, older baseline age and lower HAZ were associated with later and less 
intense growth spurts; however, associations between baseline HAZ and timing varied by age. Lower 
HAZ and BMIz at 10 years were associated with later and less intense growth spurts in both sexes.  
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Conclusions: ALWPHIV who started ART at older ages or already stunted were more likely to have 
delayed pubertal growth spurts. Longer-term follow-up is important to understand the impact of 
delayed growth. 

Key words: HIV, adolescents, perinatal, growth, puberty, antiretroviral therapy 

INTRODUCTION 

With increasing availability of antiretroviral therapy (ART), there are increasing numbers of children 
with perinatally-acquired HIV living into adolescence and adulthood[1]. Globally, in 2020, there were 
an estimated 2.78 million young people aged 0-19 years living with HIV, including 1.75 million 
adolescents aged 10-19 years, most in sub-Saharan Africa[2]. While immediate ART is now 
recommended for all children living with HIV[3], for the current population on ALWPHIV access to 
ART is likely to have been delayed and globally only 54% of 10-19 year old ALWPHIV were on ART 
in 2020 [2]. 

Adolescence is a critical period for growth, and may offer a potential window in which earlier growth 
deficiencies may, in part, be corrected[4, 5]. The adolescent growth spurt is a period of rapid growth 
during which ~15% of final adult height and 45% of maximum skeletal mass is gained[6] with the 
highest peak growth velocity generally observed in those with earlier puberty[7]. ALWPHIV often 
experience later puberty than young people HIV-exposed uninfected[8, 9] reaching lower final 
heights[10]. A US study found much of the difference in age at sexual maturity between ALWPHIV 
and young people HIV-exposed uninfected can be explained by poorer growth among the ALWPHIV 
earlier in life[9]. Despite potential catch-up growth after starting ART, some studies have observed 
delays in pubertal development associated with growth deficits present at ART initiation, irrespective 
of age at ART initiation[11, 12].  

Growth deficits and delayed puberty can affect the psychological wellbeing of ALWPHIV, with lower 
height associated with increased symptoms of depression[13]. There may also be a lasting impact on 
future physical health. As a result of HIV infection and lifelong exposure to ART, ALWPHIV are at 
increased risk of low bone mineral density, and delays in pubertal onset may increase the risk of poor 
bone health and in turn increase the risk of fractures and osteoporosis[14].  

The Collaborative Initiative for Paediatric HIV Education and Research (CIPHER) global cohort 
collaboration recently described the evolution of height-for-age z-scores (HAZ) in ALWPHIV who 
initiated ART by age 10 years, highlighting global variations[15] with patterns seen in sub-Saharan 
Africa indicative of delayed pubertal growth spurts. The aim of this study was to complement previous 
work by describing characteristics associated with the timing and intensity of pubertal growth spurts 
in ALWPHIV.  

METHODS 

Individual patient-level data collected from 1994-2015 were pooled from 11 paediatric HIV cohort 
networks: Baylor International Pediatric AIDS Initiative (BIPAI); European Pregnancy and Paediatric 
Infections Cohort Collaboration (EPPICC); the IeDEA Consortium, comprising IeDEA Asia-Pacific, 

D
ow

nloaded from
 http://journals.lw

w
.com

/aidsonline by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 05/23/2023



IeDEA Central Africa, IeDEA East Africa, IeDEA Southern Africa, IeDEA West Africa, and Central 
and South America and the Caribbean network for HIV epidemiology (CCASAnet); International 
Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) 219C and P1074; Optimal Models 
(ICAP at Columbia University); and the Pediatric HIV/AIDS Cohort Study (PHACS). The data 
represent a range of care settings, including dedicated research cohorts and programmatic services. 
There was no overlap in the coverage of the networks, therefore no duplication of participants amongst 
networks. The epidemiology of ALWPHIV in CIPHER has previously been described[16]. 

Each participating network obtained ethics approval from their respective institutional review boards 
to contribute data. Consent or assent requirements were according to local institutional review board 
requirements. All analyses were pre-specified and approved by the CIPHER Project Oversight Group.  

Adolescents known to have acquired HIV perinatally or who were aged <10 years at first presentation 
to care (proxy for perinatally-acquired HIV) and initiated ART age <10 years on a ‘standard’ 
combination regimen, defined as a) a non-nucleoside reverse transcriptase inhibitor (NNRTI)+ ≥2 
nucleoside/nucleotide reverse transcriptase inhibitors (NRTI), b) boosted protease inhibitor (PI) + ≥2 
NRTI, or c) a 3-NRTI regimen including abacavir, were eligible for this study. Those included in 
analysis were required to have height and weight reported at ART initiation and ≥4 height 
measurements on or after  8 years of age, including ≥1 measurement at age ≥12 years for females and 
≥14  years for males (assuming, on average, peak height velocity will occur before age 12 in females 
and before age 14 in males[7]). 

Height, weight and body mass index (BMI) at ART initiation (closest within 6 months before to 1 
month after) and age 10 years (closest within 6 months) were converted to height-for-age z-scores 
(HAZ), weight-for-age z-scores (WAZ) and BMI-for-age z-scores (BMIz), using World Health 
Organization (WHO) child growth standards [17] and the WHO 2007 growth reference[18].  

Countries were grouped into geographical regions based on categorisations used by UNAIDS[2]. Three 
sub-Saharan African regions were included. As Botswana and South Africa are both upper middle-
income countries, they were grouped separately from other Southern African countries. Previous 
analyses demonstrated differential growth patterns in East and Southern Africa (excluding Botswana 
and South Africa) compared with West and Central Africa[15]. Furthermore, this study included data 
through 2015, at which time ART access in West and Central Africa lagged behind East and Southern 
Africa[19]. Final groupings were: North America and Europe; Central and South America, and the 
Caribbean; Asia-Pacific; West and Central Africa; Botswana and South Africa; and East and Southern 
Africa (excluding Botswana and South Africa).  

Statistical analysis 

Linear growth was modelled using Super Imposition by Translation And Rotation (SITAR) models[20]. 
SITAR quantifies differences in growth of each individual from the population average growth curve 
via three parameters that represent average height (larger values indicate taller height throughout 
adolescence), timing (larger values indicate later growth spurts) and intensity (large values indicate 
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steeper, more rapid, growth spurts with higher growth velocity) of the adolescent growth spurt. Further 
details of the SITAR model are available in Supplement S1, http://links.lww.com/QAD/C891.  

Analyses were conducted separately in males and females. First, SITAR models were fitted separately 
within each region to estimate mean regional growth curves. To further explore variations by region 
and characteristics at ART initiation, SITAR models were fitted including adolescents from all regions 
combined. The SITAR estimates of the timing and intensity of the growth spurt of each individual 
included in the analysis were used as dependent variables in multivariable linear regression models. In 
the main analysis the independent variables included were region, age, HAZ and BMIz at ART 
initiation, initial ART regimen drug class and year of birth. Modelling was then repeated with HAZ 
and BMIz at age 10 years (+/- 6 months) used in place of HAZ and BMIz at ART initiation. 

For continuous independent variables best fitting fractional polynomials were identified using the 
algorithm described by Royston[21]. Interactions were considered between region and other 
independent variables, between age at ART initiation and HAZ, between age and BMIz, and between 
HAZ and BMIz. Interaction terms with likelihood ratio test p<0.05 were included. SITAR models were 
fitted using the SITAR package v1.1.2[22] in R v4.0.3[23]. All other analyses were conducted using Stata 
IC v16.1. 

RESULTS 

Among 35,315 ALWPHIV ever in follow-up, 18,979 (9,394 females) had any height data and had 
initiated ART by age 10 years (Figure 1). Of 6,732 females born ≥12 years prior to the end of follow-
up; 3,230(48%) had ≥4 height measurements recorded and complete data on characteristics at ART 
initiation, and thus were included in analysis. Of 3,879 males born ≥14 years prior to the end of follow-
up 1,493(38%) were included. Among the 4,723 ALWPHIV included, 4,020(85%) were in active 
paediatric follow-up at participating clinics at data cut-off, 506(11%) had transferred to another clinic 
(including adult care), 124(3%) were lost to follow-up, 25(1%) had dropped out for other reasons, and 
48 (1%) had died. Two thousand four hundred and ten (51%) were from East and Southern Africa, 
816(17%) Botswana and South Africa, 311(7%) West and Central Africa, 505(11%) Europe and North 
America, 502(11%) Asia-Pacific, and 179(4%) from Central and South America, and the Caribbean. 
Exclusions from modelling due to insufficient height data or missing characteristics at ART initiation 
varied by region and were most likely in East & Southern Africa (excluding Botswana & South Africa) 
and least likely Asia-Pacific (Supplementary Tables S1-S2, http://links.lww.com/QAD/C891). 
ALWPHIV excluded were born slightly more recently (and less likely to have height data in later 
adolescence) and were slightly younger at ART initiation than those who were included, with these 
differences most pronounced in Europe and North America (Supplementary Tables S1-S2, 
http://links.lww.com/QAD/C891).  

Among the 3,230 females and 1493 males included, there were 94,009 and 52,029 height 
measurements recorded respectively, with a median 27[interquartile range; (IQR)18,38) per female 
and 33[IQR 23,44] per male. Median age at latest height measurement was 13.9[IQR 12.8,15.2] years 
for females and 15.3[IQR 14.6,16.4] years for males, though there was some variation by region 
(Supplementary Table S3, http://links.lww.com/QAD/C891). 
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Median age at ART initiation was 7.7[IQR 6.0,8.9] years in females and 8.0[IQR 6.6,9.1] years in 
males; adolescents from the sub-Saharan regions started ART at older ages than in other regions (Table 
1). Median HAZ, WAZ and BMIz at ART initiation varied by region and all were higher in Europe 
and North America than elsewhere; HAZ and WAZ was lowest in Asia-Pacific (Table 1). 

Average growth curves, estimated using SITAR models fitted separately to each region, are shown in 
Figure 2. SITAR models fitted on the complete dataset (with all regions combined) explained 98% of 
the variation in individual growth trajectories of both males and females (Supplementary Figure S1, 
http://links.lww.com/QAD/C891). SITAR parameters from these models were compared across the 
six regions (Supplementary Table S4, http://links.lww.com/QAD/C891). On average, throughout 
adolescence, females (Figure 2A) and males (Figure 2C) in Europe and North America were 
consistently tallest and those from East and Southern Africa and Asia-Pacific shortest. In females, the 
growth spurt was earliest and had greater intensity in Europe and North America and Central, South 
America and the Caribbean (Figure 2B). Compared to East and Southern Africa the growth spurt 
occurred 0.37(95%CI 0.21,0.54) years earlier in Europe and North America, and 0.31(0.06,0.56) years 
earlier in Central, South America and the Caribbean. There were also differences between sub-Saharan 
regions with the growth spurt occurring on average 0.43(0.31,0.56) years later in Botswana and South 
Africa and 0.22(0.03,0.41) years later in West and Central Africa compared to the rest of East and 
Southern Africa; though growth spurts in West and Central Africa were more intense than in East and 
Southern Africa.  In males, the growth spurt occurred at a similar time in the three African regions but 
with slightly greater intensity in Botswana and South Africa (Figure 2D). Compared to East and 
Southern Africa, the growth spurt was 0.95(0.45,1.45) years earlier in Central and South America, and 
the Caribbean, 0.49(0.21,0.78) years earlier in Europe and North America, and 0.34(0.02,0.66) years 
earlier in Asia-Pacific, while the intensity was greatest in Asia-Pacific followed by Europe and North 
America. 

Regional variations remained after adjustment in both males and females (Figures 3 and 4, see figure 
footnote for interpretation of figures and supplementary Tables S5-S8, 
http://links.lww.com/QAD/C891 for full model details). Females starting ART later in childhood had 
later growths spurts than those who started ART at a young age, though there was some regional 
variation in the association between age and timing (p<0.001 for interaction, Figure 3A). Lower HAZ 
(p<0.001, Figure 3B) and lower BMIz (Figure 3C) at ART initiation were associated with later growth 
spurts, though for BMIz this was only seen in children starting ART at older ages (p=0.025 for 
interaction). Older age at ART initiation (p<0.001, Figure 3D) and starting ART with very low BMIz 
(p<0.001, Figure 3F) were associated with a growth spurt of greater intensity. The association between 
HAZ at ART start and the intensity of the growth spurt varied by region (p<0.001 for interaction) 
though there was no clear pattern (Figure 3E). 

For males (Figure 4), older age at ART initiation was associated with later growth spurts for those 
initiating ART up to 8 years of age; those starting ART at age 8-10 years had earlier growth spurts 
than those starting shortly before age 8 (Figure 4A). Lower HAZ at ART initiation was also associated 
with later growth spurts, though differences by HAZ varied by age at ART start (p=0.039 for 
interaction, Figure 4B). In males who started ART with a HAZ of 0, there was little variation in timing 
by age at ART initiation (Figure 4B).  There was no difference in timing of growth spurts by BMIz at 
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ART initiation (p=0.99, Figure 4C). Lower HAZ at ART initiation (p=0.046, Figure 4E) and, in those 
starting ART later in childhood with, lower BMIz at ART initiation (p=0.028 for interaction, Figure 
4F) were associated with lower intensity during the growth spurt. Drug class of initial ART regimen 
was not associated with timing or intensity in males or females.  

In additional analyses, lower age and BMIz at age 10 years were associated with later and less 
intense growth spurts in both females (Supplementary Figure S2, http://links.lww.com/QAD/C891 
and Tables S9-10, http://links.lww.com/QAD/C891) and males (Supplementary Figure S3, 
http://links.lww.com/QAD/C891, http://links.lww.com/QAD/C891 and Tables S11-12, 
http://links.lww.com/QAD/C891), irrespective of age at ART initiation.  

DISCUSSION 

This collaborative individual patient meta-analysis is the first report on the timing and intensity of the 
pubertal growth spurt among adolescents living with perinatally acquired HIV globally. We found 
growth spurts in sub-Saharan African regions were later and had lower intensity than elsewhere. These 
differences were present after adjusting for age, HAZ and BMIz at ART initiation, initial ART drug 
class, and year of birth.  

In line with other studies[11, 12, 24], growth spurts tended to occur later in those starting ART at older 
ages, though we observed differences between males and females. In females, older age at ART 
initiation was associated with later and more intense growth spurts, though this was less pronounced 
in the sub-Saharan regions than elsewhere. In males, the association was weaker than that observed in 
females, with older age at ART associated with later male growth spurts in those starting ART by age 
8, but earlier growth spurts seen in those starting ART between 8-10 years-of-age). The association 
between age and timing of growth spurt also varied by HAZ at ART initiation; in males with ‘normal’ 
HAZ (HAZ=0) at ART initiation, there was little variation in timing by age at ART initiation. Lower 
HAZ at ART initiation was also associated with later female growth spurts, with no evidence that this 
differed by age at ART initiation.  The patterns observed in males who were older at ART initiation 
may reflect difficulties in distinguishing between catch-up growth on ART and rapid growth during 
puberty. However, similar trends were observed in Ugandan and Zimbabwean adolescents living with 
HIV in the ARROW trial, where older age at start of ART was associated with pubertal delay with the 
delay more pronounced in females than in males[12]. For females, the pubertal delay associated with 
each additional year of age at ART start was greater in those who did not start ART until later childhood 
than in those who started in early childhood.  In contrast, in males, the effect of age at ART start 
weakened in older age.   

In females starting ART at older ages, lower BMIz at ART initiation was associated with later growth 
spurts, while a very low BMIz<-2 was associated with growth spurts of higher intensity, though 
numbers with BMIz<-2 were small. For males, there was no difference in timing of growth spurts by 
BMIz at ART initiation, but growth spurts had slightly lower intensity for those starting ART later in 
childhood with lower BMIz. As all ALWPHIV included in the analysis initiated ART by age 10 years, 
differences between sexes may be driven by the fact that the growth spurt occurs later in males. This 
may have allowed some effects of low zBMI at ART initiation to be reversed in males before the 
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period of peak growth velocity.  In both sexes, lower BMIz (and HAZ) at age 10 years of age was 
associated with later and less intense growth spurts, irrespective of age at ART initiation. Other cohort 
studies in the general population have also observed sex-based differences, with an inverse relationship 
between BMI and age at puberty consistently observed in females but not in males[25].  

There have been mixed findings from studies comparing catch-up growth on different ART regimens 
or classes, with some trials suggesting poorer growth on lopinavir/ritonavir[26-28] and others showing 
no differences [29, 30]. We found no evidence of a difference in growth during adolescence among those 
who had initiated PI- versus NNRTI-based regimens. However, the majority of children initiating PI-
based regimens were from outside sub-Saharan Africa.  

Given these differences between ART started by region, we may not have been adequately powered 
to detect a true difference. 

Growth during adolescence may be affected by repeated infections, nutritional deficits, and suboptimal 
growth early in life[5]. Differences in timing of puberty across lower middle-income countries (LMIC) 
and high-income countries (HIC) have been observed in the general population [31]. Children living 
with HIV in LMIC have lower HAZ at ART start than those of comparable age in HIC[32], and greater 
growth deficits than local HIV-negative children[33]. They also experience poorer growth outcomes 
despite catch-up growth on ART, although catch-up growth on ART may be improved with nutritional 
supplementation[32]. Since children and adolescents living with HIV are at increased risk of growth 
deficits, our results emphasize the importance, in addition to early ART initiation, of nutritional 
interventions to ensure full growth potential is reached throughout childhood and adolescence. 

This study has several limitations. First, the inclusion criteria resulted in a select sample of ALWPHIV 
who started ART in childhood, survived to adolescence, and remained in care. Thus, the outcomes for 
ALWPHIV included in the analysis likely represent a ‘best case scenario’ for outcomes of those living 
with HIV in the timeframe of the study. ALWPHIV were also required to have at least four height 
measurements in adolescence and, particularly in resource limited settings, there may be a bias towards 
more frequent recording of heights in ALWPHIV who were stunted. Differences in data quality and 
availability across regions may also mean that those included from some regions are more 
representative than in other regions. We also required a height measurement after age 12 years for 
females and after 14 years for males. The differing cut-offs allowed us to increase the number of 
females included, who on average experience earlier growth spurts than males, but does mean there 
may be differences in the populations represented by the males and females included in the analysis. 
In addition, adolescents represented in this analysis, who had started ART at a median age of 8 years, 
may be different from subsequent generations who are more likely to start ART in infancy or early 
childhood under “treat all” approaches and have access to newer integrase inhibitor based ART, 
leading to better outcomes [34]. Although low HAZ and BMIz at ART initiation were associated with 
pubertal growth deficits independent of age at ART start, these findings may not be generalisable to 
subsequent generations who will have started ART at ages much younger than in our data. Second, 
WHO growth standards [17] and growth reference [18] were used to derive HAZ and BMIz. While these 
references were developed to be applicable globally, they may not be the most appropriate reference 
for specific populations. In particular, children in Asia-Pacific had lower z-scores than in other regions. 
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In previous analyses conducted in paediatric HIV cohorts in Europe and Thailand in EPPICC, the 
associations between stunting and pubertal growth modelled using SITAR models were similar when 
WHO and Thai specific reference data were used [11].  Third, this study lacks comparator data from 
HIV uninfected adolescents. While we observed regional variations in growth in ALWPHIV, we were 
unable to assess whether differences between ALWHIC and their uninfected peers differ across 
regions. 

Fourth, no direct measurement of puberty was available, and growth velocity was used as a proxy for 
timing of puberty. However, differences in timing of the pubertal growth spurt estimated from SITAR 
models are highly correlated with age at peak height velocity,[4] which itself is correlated with (and is 
often used as a proxy) with timing of puberty[7]. Fifth, the analysis involved estimating SITAR 
parameters and using these estimates as outcomes in further analyses, which did not account for 
uncertainty in the SITAR estimates. Sixth, SITAR models included a spline with 4 degrees of freedom; 
models with more complex splines failed to converge overall and within some regions. Previous 
SITAR analyses have found better fit with splines with 5 or 6 degrees of freedom[11, 23]. Finally, we 
lacked biological (metabolic and hormonal) data to explain in greater depth the mechanisms of growth 
differences according to sex.  

Despite these limitations, the inclusion of ALWPHIV from a variety of settings across the globe is a 
key strength, giving insight into variations in growth globally, in a group for which long-term growth 
outcomes on ART have not been well described. With widening access to ART, the results of this 
study reinforce the importance of early HIV diagnosis and initiation of ART to minimise the risk of 
growth deficiencies in early childhood, defiiciencies associated with higher risk of poorer health 
outcomes later in life. Longer-term follow-up of adolescents living with perinatally-acqiured HIV as 
they age into adulthood will be important to understand the full impact of pubertal growth delays on 
final height in adulthood and health consequences.  
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Figure 1: Flow diagram of selection of the adolescents living with HIV included in the puberty 
growth spurt analysis. CIPHER global cohort collaboration, 1994-2015. 
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Figure 2: Mean height (left panel) and growth velocity (right panel) curves estimated using SITAR 
models stratified by region and sex in the CIPHER global cohort collaboration, 1994-2015. 
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Figure 3: Female pubertal growth: Multivariable associations between region, age, HAZ and 
BMIz at ART initiation and the timing and intensity of the pubertal growth spurt in females in the 
CIPHER global cohort collaboration, 1994-2015.  
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Figure 4: Male pubertal growth: Multivariable associations between region, age, HAZ and BMIz 
at ART initiation and the timing and intensity of the pubertal growth spurt in males in the CIPHER 
global cohort collaboration, 1994-2015.  
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Table 1 – Study characteristics of participants included in the analysis stratified by sex, 1994-2015 

 All 

n=4,723 

East and 
Southern 

Africa 
(excludin

g 

Botswana 
and 

South 
Africa) 

n=2,410  

Botswana 
and 

South 
Africa 

n=816  

West and 
Central 
Africa 

n=311  

Europe 
and 

North 
America 

n=505  

Asia-
Pacific 

n=502  

Central 
and 

South 
America, 
and the 

Caribbea
n  

n=179  

Median [IQR] or n(%) 

Females 

Total 3,230  1,706 
(53%) 

553 (17%) 211 (7%) 297 (9%) 342 (11%) 121 (4%) 

Year of 
birth 

1999[199
7, 2000] 

1999[199
8, 2000] 

1998[199
7, 2001] 

1998[199
7, 1999] 

1997[199
5, 1999] 

1999[199
8, 2000] 

1998[199
7, 2000] 

At ART initiation: 

   
Calenda
r year 

2006[200
5, 2008] 

2006[200
5, 2008] 

2005[200
4, 2007] 

2005[200
5, 2006] 

2001[199
9, 2003] 

2005[200
3, 2006] 

2003[200
1, 2004] 

   Age 
(years) 

7.7[6.0, 
8.9] 

8.1[6.8, 
9.1] 

7.8[5.8, 
8.8] 

8.0[6.6, 
9.0] 

5.3[2.4, 
7.8] 

6.5[5.0, 
7.9] 

4.1[1.7, 
7.1] 

   First regimen 

       PI + 
≥ 
2NRTI 

266 (8%) 23 (1%) 29 (5%) 17 (8%) 143 (48%) 4 (1%) 50 (41%) 

       
NNRTI 
+ ≥2 
NRTI 

2,939 
(91%) 

1,671 
(98%) 

524 (95%) 194 (92%) 231 (48%) 336 (98%) 71 (59%) 

       3 
NRTIs 
includin
g 
abacavir 

25 (<1%) 12 (<1%) 0 0 11 (4%) 2 (<1%) 0 
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Height-
for-age 
z-score 

-2.0[-2.9, 
-1.1] 

-2.1[-3.3, 
-1.5] 

-2.0[-2.7, 
-1.2] 

-1.6[-2.6, 
-0.6] 

-1.0[-1.7, 
0.0] 

-2.3[-3.3, 
-1.5] 

-1.8[-2.7, 
-0.9] 

   
Weight-
for-age 
z-score 

-1.7[-2.7, 
-0.8] 

-1.8[-2.8, 
-1.0] 

-1.6[-2.4, 
-0.8] 

-1.9[-3.1, 
-0.9] 

-0.5[-1.2, 
0.3] 

-2.1[-3.3, 
-1.1] 

-1.3[-2.4, 
-0.5] 

   BMI-
for-age 
z-score 

-0.6[-1.5, 
0.1] 

-0.8[-1.7, 
0.1] 

-0.5[-1.3, 
0.2] 

-1.3[-2.2, 
-0.4] 

0.1[-0.6, 
0.9] 

-0.9[-1.7, 
-0.1] 

-0.4[-1.2, 
0.6] 

Males 1,493 704 (47%) 263 (18%) 100 (7%) 208 (14%) 160 (11%) 58 (4%) 

Total        

Year of 
birth 

1998[199
6, 1999] 

1998[199
7, 1999] 

1997[199
6, 1999] 

1997[199
6, 1998] 

1996[199
3, 1997] 

1998[199
7, 1999] 

1998[199
6, 1998] 

At ART initiation: 

   
Calenda
r year 

2005[200
4, 2006] 

2006[200
5, 2007] 

2005[200
4, 2006] 

2005[200
5, 2006] 

2000[199
8, 2003] 

2005[200
3, 2006] 

2002[200
1, 2004] 

   Age 
(years) 

8.0[6.6, 
9.1] 

8.4[7.4, 
9.3] 

8.1[6.4, 
9.1] 

8.6[7.6, 
9.4] 

5.7[3.2, 
8.0] 

7.1[5.9, 
8.2] 

5.7[4.0, 
7.5] 

   First regimen 

       PI + 
≥2 
NRTI 

182 (12%) 27 (4%) 13 (5%) 14 (14%) 108 (52%) 1 (<1%) 19 (33%) 

       
NNRTI 
+ ≥2 
NRTI 

1,293 
(87%) 

674 (96%) 250 (95%) 86 (86%) 88 (44%) 159 (99%) 36 (62%) 

       3 
NRTIs 
includin
g 
abacavir 

18 (1%) 3 (<1%) 0 0 12 (6%) 0 3 (5%) 

   
Height-
for-age 
z-score 

-1.8[-2.8, 
-1.0] 

-2.1[-2.9, 
-1.2] 

-1.8[-2.7, 
-1.1] 

-1.6[-2.7, 
-0.8] 

-0.8[-1.4, 
0.1] 

-2.5[-3.3, 
-1.6] 

-1.8[-2.7, 
-1.2] 

D
ow

nloaded from
 http://journals.lw

w
.com

/aidsonline by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 05/23/2023



   
Weight-
for-age 
z-score 

-1.8[-2.8, 
-0.8] 

-2.0[-3.0, 
-1.2] 

-1.6[-2.5, 
-0.9] 

-2.0[-2.8, 
-1.2] 

-0.2[-1.0, 
0.6] 

-2.5[-3.5, 
-1.4] 

-1.5[-2.6, 
-0.6] 

   BMI-
for-age 
z-score 

-0.7[-1.6, 
0.1] 

-0.8[-1.8, 
0.0] 

-0.7[-1.4, 
0.2] 

-1.5[-2.2, 
-0.7] 

0.3[-0.5, 
1.1] 

-1.0[-1.9, 
-0.1] 

-0.3[-1.3, 
0.3] 

Abbreviations: ART Antiretroviral therapy; BMI Body Mass Index; NNRTI Non-nucleoside reverse 
transcriptase inhibitors; NRTI Nucleoside/nucleotide reverse transcriptase inhibitors; PI boosted 
protease inhibitor 
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