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Abstract

Background: Children who initiate antiretroviral therapy (ART) before age 5 years can recover height and weight
compared to uninfected peers, but growth outcomes are unknown for children initiating ART at older ages. We inves-
tigated factors associated with growth failure at ART initiation and modelled growth by age on ART.

Methods: We conducted secondary analysis of cohort of children aged 615 years late-diagnosed with HIV in Harare,
Zimbabwe, with entry at ART initiation in 2013-2015.

Factors associated with height-for-age (HAZ), weight-for-age (WAZ) and BMI-for-age (BAZ) z-scores <— 2 (stunting,
underweight and wasting respectively) at ART initiation were assessed using multivariable logistic regression. These
outcomes were compared at ART initiation and 12 month follow-up using paired t-tests. HAZ and BAZ were modelled
using restricted cubic splines.

Results: Participants (N=302; 51.6% female; median age 11 years) were followed for a median of 16.6 months (IQR
11.0-19.8). At ART initiation 34.8% were stunted, 34.5% underweight and 15.1% wasted. Stunting was associated with
age > 12years, CD4 count < 200 cells/ul, tuberculosis (TB) history and history of hospitalisation. Underweight was
associated with older age, male sex and TB history, and wasting was associated with older age, TB history and hospi-
talisation. One year post-initiation, t-tests showed increased WAZ (p =0.007) and BAZ (p=0.004), but no evidence of
changed HAZ (p=10.85). Modelling showed that HAZ and BAZ decreased in early adolescence for boys on ART, but
not girls.

Conclusion: Stunting and underweight were prevalent at ART initiation among late-diagnosed children, and HAZ
did not improve after 1 year. Adolescent boys with perinatally acquired HIV and late diagnosis are particularly at risk of
growth failure in puberty.
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Introduction
Perinatal HIV acquisition affects children’s growth
through multiple pathways, including clinical factors
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emotional deprivation and stress [1, 2]. Growth failure
including stunting and pubertal delay is common among
children with perinatally acquired HIV, and more marked
among those in resource-limited settings [3, 4]. This may
be partly due to delayed initiation of antiretroviral ther-
apy (ART). Treatment guidelines for resource-limited
settings have long recommended immediate ART initia-
tion for children aged less than 2 years, but guidelines for
children aged 2 and older recommended ART initiation
based on disease and/or immunological stage until 2016
when immediate ART was recommended for all regard-
less of age and disease stage [3]. Immediate ART initia-
tion has many advantages [4], but many children have
initiated ART in older childhood or adolescence due to
delayed HIV diagnosis [5], particularly in sub-Saharan
Africa where 90% of the world’s children with HIV live
[6]. In a global cohort analysis conducted in 2018 by the
CIPHER Global Cohort Collaboration, the median age of
ART initiation among children in sub-Saharan Africa was
7.9years, compared to <1year old in high-income coun-
tries [7]. In this meta-analysis, 30,296 children living with
perinatally acquired HIV and diagnosed under 10years
of age in sub-Saharan Africa had a median height-for-age
z-score (HAZ) of —2.0 when first diagnosed (median age
7.1years, IQR 5.3-8.6) and — 1.8 at the end of follow-up
(median age 12.1, IQR 10.9-13.8) [7].

Children who initiate ART aged under 3years old can
experience rapid growth, and catch up with their HIV
negative peers [8]. However, there is little evidence that
children who initiate ART at older ages achieve catch-up
growth. A multi-regional analysis of 19 cohorts (includ-
ing some CIPHER cohorts) and 20,576 children, mainly
from southern Africa, found that children aged under
10years old gained height-for-age after ART initiation,
especially if initiation was immediately following diag-
nosis rather than later, based on CD4 count criteria [9].
Among adolescents aged 10-16years, the timing of ART
initiation appeared to have little effect on HAZ [9].

The aim of this study was to investigate the factors
associated with growth failure at ART initiation in a
cohort of children and adolescents diagnosed with HIV
aged 6-15years in Zimbabwe, and to model growth fol-
lowing ART initiation.

Methods

Between January 2013 and December 2014, routine
opt-out provider-initiated HIV testing and counsel-
ling was implemented in seven primary care clinics in
southwest Harare, Zimbabwe for all attendees aged
6-15years. Routine opt-out testing using the nation-
ally recommended HIV antibody testing algorithm was
performed for every child attending for any reason who
had a caregiver able to give consent, unless the child
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had a documented HIV negative test within the previ-
ous 6 months or an HIV positive test [10]. All children
newly-diagnosed with HIV who resided in Harare were
enrolled into a cohort study, with caregiver consent and
child assent. The methods of the cohort study have been
explained in detail elsewhere [11]. In brief, children
diagnosed with HIV infection were registered for HIV
care at the same clinic where they were diagnosed with
caregiver consent and participant assent. Nurse-led HIV
care was provided with physician supervision accord-
ing to national guidelines. At the initial assessment visit,
past clinical history was ascertained and HIV staging,
CD4 count testing and TB screening was performed. The
schedule for follow up was based on national guidelines,
with visits at 2 and 6 weeks post ART commencement
and three monthly subsequently. At each visit, a stand-
ard proforma was used to record symptoms, side-effects
of ART and contact with health services. Participants
not eligible for ART at baseline underwent a 3-monthly
symptom-based review and examination to reassess
ART eligibility. Eligibility for ART initiation was deter-
mined following national guidelines, which in 2013 were
a CD4 count<350 cells/pl. In February 2014 national
guidelines were updated to initiate ART at <500 cells/pl.

Three trained research nurses collected the data.
Height and weight were recorded at enrolment and every
3 months up to 18 months of follow-up. Height was meas-
ured with a SECA stadiometer and weight with a digi-
tal scale. BMI (kg/m?) was calculated from weight and
height. Z-scores were calculated using the 1990 UK refer-
ence populations [12]. Z-scores >5 or < — 5 were excluded
as outliers. Stunting at ART initiation was defined as a
height-for-age z-score (HAZ) below —2, being under-
weight as a weight-for-age z-score (WAZ) below —2,
and wasting was defined as a BMI-for-age z-score (BAZ)
below — 2. Pubertal development was assessed using Tan-
ner Staging. Girls were defined as having delayed puberty
if they were at Tanner breast development stage 1 for any
measurements when aged > 13years. Boys were defined
as delayed puberty if they were at Tanner stage 1 for tes-
tes development at any measurement aged >14vyears.
Route of HIV acquisition was determined from the par-
ents’ HIV status if known, self-report of sexual debut or
likely parenteral routes of transmission (blood transfu-
sion. Surgery etc) and clinical history (history of chronic
illness since early childhood).

For this paper, ART initiation was used as the cohort
entry point. Height, weight and CD4 count at ART ini-
tiation were defined as the measures taken at the clos-
est visit to ART initiation, within a window period from
100days prior up to 30days post ART initiation. Partici-
pants who did not have a measurement within this win-
dow were excluded. Z-scores of HAZ, WAZ and BAZ
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were coded into four categories, <—3, —3 to <—2, —2
to <—1 and > —1. CD4 count was categorised as <200,
200-349, 350—499 and > 500 cells/ml. Characteristics of
the cohort population were described at ART initiation
and at 1year post-initiation (defined as the record clos-
est to 12months post-initiation, within the 9-15 months
period). Paired t-tests were used to compare HAZ, WAZ
and BAZ at ART initiation and 1year later.

Association with stunting, underweight and wasting at
ART initiation was investigated using univariable logistic
regression to estimate odds ratios (ORs) for the following
variables: death of a parent, history of hospital admission,
TB history, and CD4 count (<200 or > 200 cells/ml). Var-
iables associated with the outcome in univariable analysis
(p-value <0.1 using likelihood ratio tests) were included
in a multivariable model. Age and sex were included a
priori.

A restricted cubic spline [13] with 4 knots was used
to model HAZ over age in months from ART initiation
onwards, in a multilevel mixed-effects linear regression
model adjusting for the a priori selected 4-category ordi-
nal variables: age at ART initiation, CD4 count at ART
initiation, and HAZ at ART initiation. An interaction
between sex and spline terms was included and a like-
lihood ratio test was used to compare models with and
without the interaction. The same process was used to
model BAZ. WAZ was not modelled due to the amount
of within-participant fluctuation. Median-spline graphs
with 8 bands of the fitted predictions and 95% predicted
intervals were laid over the individual trajectories. Pre-
dicted values of HAZ and BAZ were obtained from the
model coefficients, over a range of values of key variables.
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For these predicted values age was input as exact age in
years (i.e. 6 years and Odays, 7years and O0days etc) up to
18years.

Results

A total of 385 participants newly-diagnosed with HIV
were enrolled into the parent cohort study [9], 307 of
whom (79.7%) initiated ART (Fig. 1). At enrolment the
307 participants were aged 6-16 (median 11) years
and 45.0% (N=138) had WHO stage 3—4 HIV disease.
Nurses determined that the most likely route of HIV
acquisition for 97% of these children (N=297) was peri-
natal transmission. Participants were aged 6—17 (median
11) years at ART initiation. The main reason for partici-
pants not initiating ART was non-eligibility according to
the national guidelines at the time (n=68; 87.2%) and 10
did not initiate for other reasons. Follow-up on ART is
shown in Fig. 1, with 6 imaginary participants represent-
ing the various possible follow-up pathways. Out of 307
participants who initiated ART (A), 220 had a 12-month
follow-up (B), while the remaining 87 were either lost
to follow-up before the end of the 72-week observation
period or initiated ART less than 12months before its
end. The median duration of follow-up from ART initia-
tion to the final anthropometry record was 498 days (IQR
329-593), up to 950days post-enrolment. Participants
had between 1 and 14 records each (median 7, IQR 4-9).
For 33 participants (10.7%) follow-up ended with trans-
fer to another clinic, 12 (3.9%) died, 2 (0.7%) moved away,
6 (2.0%) were lost to follow-up and 254 (82.7%) reached
the end of follow-up in the parent study. Six of the 12
deaths occurred within 3 months of ART initiation. The

A = ART initiation

B = 12 months post-ART initiation
X = withdrawal

Solid line = time on ART

Dotted line = time not on ART

on ART. Dotted line =time not on ART

----A B
Initiated | B - c o e e e e e e e o A
Enrolled: ART: X
N=385 N=307 | M ______ A 8
________________________________________ X
Enrolment 72 weeks post-

Fig. 1 Diagram of enrolment, ART initiation and follow-up. A= ART initiation. B= 12 months post-ART initiation. X =withdrawal. Solid line =time

enrolment
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specific ART regimen was recorded for 260 participants
(84.7%), of whom 129 (49.6%) were taking a tenofovir
(TDF)-based regimen, 121 (46.5%) a zidovudine (AZT)-
based regimen, and 10 were taking stavudine (d4T). Of
these 10 participants, 8 switched to another regimen dur-
ing follow-up, 1 transferred to another clinic and 1 had
an unknown regimen after initiation. Most participants
(92.5%, n=284) were in school, although 8 of the 30
participants aged >15years (26.7%) no longer attended
school. Just over half (n =174, 56.7%) of participants were
cared for by a parent, 60 (19.5%) by an aunt or uncle, 52
(16.9%) by a grandparent, 17 (5.5%) by another relative
and 4 (1.3%) by an institution. Since birth, 174 (57.4%)
had changed primary caregiver at least once.

Of the 307 cohort participants, 302 (98.4%) had a valid
HAZ measurement (i.e. between — 5 and 5) taken during
the ART initiation visit window. WAZ was measured and
valid for 296 (96.4%) participants, and BAZ for 298 par-
ticipants (97.1%). A total of 301 participants had height
measurements at least once post-ART initiation.

Risk factors for stunting, underweight and wasting at ART
initiation

At ART initiation, 105 (34.8%) participants were stunted
(HAZ<-2) of whom 36 (34.3%) had severe stunting
(HAZ<-3) (Table 1). About one-third of participants
(34.5%, N=102) were underweight (WAZ<-2), and 45
(44.1%) of these were severely underweight (WAZ<-3).
The prevalence of wasting (BAZ < -2) was 15.1%, of whom
38% had a BAZ<-3. Boys had a higher prevalence than
girls of severe stunting (17.1% vs 7.1%, p =0.007), severe
underweight (20.6% vs 10.3%, p=0.01) and severe wast-
ing (8.4% vs 3.2%, p=0.05). Prevalence of these condi-
tions using the z-score<—2 definition was also higher
among boys than girls, but the difference was only sta-
tistically significant for underweight (41.8% vs 27.7%,
p=0.01). At ART initiation 23.8% of participants had a
history of hospital admission and 5.8% had a history of
TB.

At ART initiation, stunting was independently associ-
ated with older age, CD4 count <200 cells/pl (OR=1.29,
95% CI 1.05-1.58), TB history (OR=3.41, 95% CIL
1.12-10.34) and previous hospital admission (OR=1.77,
95%CI 1.02-3.09) (Table 2). Underweight was inde-
pendently associated with older age, CD4 count<200
(OR=1.32, 95% CI: 1.07-1.62), male gender (OR=1.95,
95%CI 1.12-3.57), and TB history (OR=5.94, 95%CI:
1.76-20.08). Wasting was independently associated with
older age, TB history (OR=3.39, 95% CI: 1.14-10.07) and
previous hospital admission. The odds of each outcome
were similar for children aged 7—9years as for those aged
9-11years, and increased for children aged >12years.
Likelihood ratio tests confirmed that models with age as
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binary (7-11years and > 12years) fitted the data just as
well as models with age in the original 4 categories.

Pubertal delay was assessed in the 71 girls who passed
their 13th birthday either before enrolment or during fol-
low-up, and the 53 boys who reached age > 14 by end of
follow-up. Pubertal delay was more common in girls than
boys (26.8% versus 15.1%; p=0.12). Over a third (35.2%)
of adolescents with pubertal delay were stunted at ART
initiation, compared to 12.7% of non-delayed adolescents
of the same age. Pubertal delay was not associated with
age at ART initiation or with CD4 count.

Mean HAZ was —1.65 at ART initiation and remained
at — 1.65 after 1year (p=0.85; Table 1). In contrast, there
was strong evidence that WAZ increased over the first
year of ART (mean—1.59 at baseline and — 1.45 at fol-
low-up; p=0.007), as did BAZ (mean—0.91 at baseline
and — 0.70 at follow-up; p =0.004).

Spline models

Tables 3 and 4 shows HAZ as predicted by the model for
all values of baseline CD4 count category, baseline HAZ
category and gender, and for age in exact years from 6 to
18. In boys HAZ changed very little from aged 6 to 12,
then decreased, reaching its lowest value at age 14-15,
and then increased rapidly at ages 16—18. The biggest
predictor of HAZ over time was HAZ at ART initiation
(Table 3). In girls HAZ was the same as boys for ages
6—10 but from then on girls had higher HAZ than boys,
with a much smaller dip at puberty (Table 4). The coef-
ficients are presented in Table S1. The knots for the HAZ
model were at ages 7.6, 10.6, 12.6, 14.5 and 16.5years.
Figure 2 shows the smoothed results from the median-
spline plot.

Tables 5 and 6 shows predicted BAZ for all values of
baseline CD4 count and BAZ categories, by gender, for
all ages in years, predicted from the coefficients shown in
Table S1. Similar to HAZ, BAZ among boys was stable in
ages 6—10, then decreased to its lowest point at age 15,
and then increased, and was closely associated with base-
line BAZ (Table 5). In girls BAZ was lower than boys at
age 6 but increased to age 10, then decreased until age 14
and then increased again. Overall, girls had higher BAZ
than boys (Table 6). Knots were at 7.6, 10.6, 12.6, 14.5 and
16.5years. The smoothed results from the median-spline
plot are shown in Fig. 3.

Discussion

Childhood stunting is associated with a host of adverse
health and economic outcomes in adulthood [14].
Our study showed a high prevalence of growth failure
among children and adolescents initiating ART at aged
8-16years. Over a third (34.8%) of participants were
severely stunted (HAZ <-3) or moderately stunted (HAZ
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Table 1 Descriptive characteristics of participants at ART initiation and 1year post-initiation

ART initiation 1year post-initiation
Male, n(%) Female, n(%) Total, n(%) Male, n(%) Female, n(%) Total, n(%)
N 146 156 302 114 112 226
Age (years)
6-8 34(23.2) 6(16.7) 60 (19.9) (1 32) 7(6.3) 229.7)
9-11 (3 5) 61(39.1) 107 (354) 4 (29.8) 36 (32.1) 70(31.0)
12-13 4(23.3) 35(224) 69 (22.9) 3(20.2) 33(29.5) 56 (24.8)
14-17 2(21.9) 3(21.8) 66 (21.9) 42 (36.8) 36 (32.1) 78 (34.5)
HAZ
Mean (SD) Range —1.80(1.18) —1.52(1.08) —1.65(1.13) —1.76(1.12) —1.53(1.08) —1.65(1.10)
—45t013 —50to 14 —50to 14 —421t01.1 —46100.8 —46t01.1
Below —3 25(17.1) 11(7.1) 36(11.9) 20(17.5) 11(9.8) 31(13.7)
—3to<—=2 9(19.9) 40 (25.6) 69 (22.9) 0(17.5) 23 (20.5) 43 (19.0)
—2to<—1 5(37.7) 57 (36.5) 112(37.1) 5(39.5) 42 (37.5) 87 (38.5)
—1and above (25 3) 48 (30.1) 85(28.2) 29 (254) 36 (32.1) 65 (28.8)
Stunted (<—2) 4(37.0) 51(32.7) 105 (34.8) 0(35.1) 34 (304) 74 (32.7)
WAZ
Mean (SD) range —1.81(1.22) —139(1.11) —1.59(1.18) —1.72(1.13) —1.17(1.07) —145(1.13)
—431t004 —451t010 —451t01.0 —45100.7 —421009 —451t009
Below —3 9(20.6) 16 (10.3) ( 2) 8(16.1) 7 (64) ( 3)
—3to<-2 30(21.3) 27 (17.4) 7(19.3) 23 (20.5) 15(13.8) 8(17.2)
—2to<—1 39(27.7) (34 2) 92 (31 1) (33 9) 37(33.9) (33 9)
—1and above 3(30.5) 9(38.1) 102 (34.5) 3(29.5) 50 (45.9) 83(37.6)
Missing 5 1 6 2 3 5
Underweight (<—2) 59(41.8) 43(27.7) 102 (34.5) 41 (36.6) 22(185) 63 (28.5)
BAZ
Mean (SD) range —1.11(1.17) —0.72 (1.06) —091(1.12) —0.97 (1.00) —0.42(0.99) —0.70(1.03)
—46t014 —43t01.3 —46t014 —36t008 —29t016 —36t016
Below —3 (84) 532 17 (5.7) 6(5.3) 0 6(2.7)
—3to<-2 14 (9.8) 14 (9.0) 28 (9.4) 11(9.7) 9(83) 20(9.0)
—2to<—1 48 (33.6) 35(22.6) 83(27.9) 34(30.1) 17 (15.6) 51(23.0)
—1and above 9 (483) 101 (65.2) 170 (57.1) 62 (54.9) 83(76.2) 145 (65.3)
Missing 3 1 4 1 3 4
Wasted (<—2) 26(18.2) 19(12.3) 45 (15.1) 17 (15.0) 9(83) 26 (11.7)
CD4 count
<200 41 (304) 47 (32.2) 88(31.3) 10 (14.7) 12 (164) 22 (15.6)
200-349 (3 6) 46 (31.5) 90 (32.0) 4(5.9) 13(17.8) 17.(12.1)
350-499 5(25.9) 36 (24.7) 71(25.3) 16 (23.5) 7(9.6) 23(16.3)
500+ (W 1) 17(11.6) 32(114) 38(55.9) 41 (56.2) 79 (56.0)
Missing 1 10 21 46 39 85
Ever diagnosed with TB
Yes 9(6.2) 9(5.8) 18 (6.0) 76.1) 6(54) 13(5.8)
Yes 50 (35.2) 36 (23.8) 86 (29.4) 41 (36.6) 23(21.1) 64 (29.0)
Ever admitted to hospital
Missing 4 5 9
Pubertal delay
Yes 8(15.1) 19 (26.8) 27 (21.8) 5(11.4) 14 (24.1) 19 (18.6)

Not eligible 93 85 178 70 54 124
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Table 2 Association of factors with stunting, underweight and wasting at ART initiation

Stunting (HAZ <-2)

Underweight (WAZ <-2)

Wasting (BAZ<-2)

Univariate Multivariate (N =272) Univariate Multivariate (N =267) Univariate Multivariate (N =289)
OR (95% Cl) OR (95% ClI) p-value OR (95% Cl) OR (95% Cl) p-value OR (95% Cl) OR (95% ClI) p-value
CD4 count
>200 1 1 0.01 1 1 0.01 1
<200 126 (1.04,1.53) 1.29(1.05,1.58) 127 (1.05,1.54) 132(1.07,1.62) 1.09 (0.86, 1.39)
Age (years)
6-8 1 1 0.05 1 1 <0.001 1 0.006
9-11 0.76 (0.38-1.53) 0.95 (0.43-2.09) 044 (0.21,0.89) 0.43(0.19,0.97) 1.59(048,5.24) 2.13(0.54,831)
12-13 1.56 (0.76-3.23) 2.19 (0.98-4.90) 1.23(0.60,2.54) 146 (0.66,3.23) 3.82(1.19, 6.02 (1.59,
12.25) 22.72)
14-17 1.69 (0.82-3.51) 2.19(0.97-4.96) 1.76 (0.85,3.64) 2.04(0.91,4.60) 421 (131, 6.27 (1.66
13.54) 23.67)
Sex
Female 1 1 033 1 1 0.02 1 1 0.16
Male 1.21(0.75,1.94) 1.30(0.77,2.21) 1.87(1.15,3.04) 1.95(1.12,3.37) 1.59(0.84,3.02) 1.63(0.82,3.24)
Orphan
Both parents 1 1 1
alive
1 parent 0.91(0.54, 1.55) 1.35(0.79,2.29) 1.39 (0.69, 2.80)
alive
Both dead 0.83(043,1.61) 0.81 (040, 1.63) 0.85(0.33, 2.20)
Ever had TB
No 1 1 0.03 1 1 0.01 1 1 0.03
Yes 3.18(1.19,846) 3.41(1.12, 290(1.07,7.87) 594 (1.76, 3.10(1.10,8.71) 339(1.14,
10.34) 20.08) 10.07)
Hospital admission
Never 1 1 0.04 1 1 0.09 1 1 0.04
Ever 1.81(1.08,3.04) 1.77(1.02,3.09) 1.97(1.16,333) 1.65(0.93,2.93) 1.96 (1.00,3.83) 2.06(1.02,4.15)

between —3 and—2) at ART initiation, while 15.1%
had low BMlI-for-age. A multiregional study including
8737 adolescents aged 10-19 found higher prevalence
of stunting (49.6%) and wasting (17.8%) at ART initia-
tion [15]. The results in this paper are in agreement with
a CIPHER cohort collaboration analysis of 20,939 peri-
natally infected and late-diagnosed adolescents from 46
countries [16]. In east and southern Africa, adolescents
at ART initiation had high prevalence of stunting (51.2%)
and wasting (13.9%), and girls showed improved HAZ
with age but boys did not [16].

A history of TB was strongly associated with under-
weight, stunting and wasting, after adjustment for con-
founders. These participants had been treated for TB
between 2 and 12years prior to the study, suggesting
long-lasting adverse effects of paediatric TB on growth
outcomes among children living with HIV. Alternatively,
TB history may indicate children with higher risk of pov-
erty and food insecurity. The three growth outcomes also
showed adverse effects of later initiation on ART. This
finding is consistent with results from the ARROW trial

in Uganda and Zimbabwe [17], where slower pubertal
development was associated with late ART initiation.
Older age at ART initiation is also associated with lower
bone density in Zimbabwean adolescents [18]. Stunting
and underweight were associated with low CD4 count
but, surprisingly, wasting was not. Stunting and wast-
ing were associated with a history of hospital admission.
Some of the multifactorial causes of impaired growth
such as infections, gastrointestinal illnesses and chronic
inflammation [19] may have caused hospitalisation. Boys
had almost twice the adjusted odds of being underweight
compared to girls.

Catch-up growth in height following ART initiation has
been shown consistently in children aged <3years, but
not in older children. In this cohort, HAZ and BAZ of
boys decreased to their lowest point at age 14—15years,
whereas girls experienced continued increase in HAZ
and BAZ over age. Similarly, a multiregional study of 8737
adolescents aged 10—19years using linear mixed models
showed that HAZ in boys decreased to its lowest level at
age l4years and then increased until age 19years, while
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Fig. 2 Restricted cubic spline model of HAZ over time by gender

HAZ of girls increased with age without the same dip
[15]. A 2018 review [19] identified 3 other recent studies
of exclusively older children with HIV in low-income set-
tings. First, a cohort in Thailand and other Asian coun-
tries showed increased mean HAZ over 5 years on ART,
among adolescents aged 10-19 at initiation. Secondly,
in Ethiopia the prevalence of stunting among 5-10years
olds at ART initiation was 64% but decreased to <20%
after 2years on treatment [20]. Finally, a cross-sectional
study in Senegal found that children aged 2-9years had
a lower prevalence of stunting 2.9years (median) post-
initiation than at ART initiation, but the stunting preva-
lence in 10-16year olds had remained unchanged [21].
Growth outcomes over time appear to be highly depend-
ent on age at ART initiation, with younger adolescents
more likely to benefit [15].

At ART initiation, 15.1% of male and 26.8% of female
participants had clinically apparent pubertal delay. The
results are consistent with a higher prevalence of sub-
clinical delayed onset of pubertal growth spurt. Another
study in Zimbabwe found that 8/127 (6%) of adolescents
aged 14-16 with HIV and on ART had pubertal delay
versus 0/132 of the same age without HIV who were
recruited in schools [22]. The fact that late ART initiation
is associated with poorer growth outcomes and delayed
puberty [17] indicates that HIV infection may itself
retard puberty, with ART reversing the effect.

The effects on growth seen here may not be entirely
attributable to HIV. In The Gambia, Prentice et al showed
that stunted, HIV negative adolescents had a delayed
growth spurt but an extended growth period, with men
in particular reaching their final height in their early

twenties [23]. This suggests some connection between
stunting in early childhood and late but prolonged
growth, whether the stunting was caused by HIV, by
nutritional deficiency (as in The Gambia), or by other
causes. Notably, in the ARROW study in Uganda and
Zimbabwe, adolescents on ART were still significantly
increasing in height at Tanner stage 5 [17]. Normally,
bone growth is curtailed by closure of the growth plates
at approximately age 16years in girls and 17 years in boys,
before Tanner stage 5 is reached. The exact mechanism
behind the process of epiphyseal fusion is unknown [24].
A multi-country study in Asia found the median HAZ
of 18-year-olds with perinatally acquired HIV was —1.4
for women and — 1.6 for men [25]. Height at 18 years was
considered to be final height. However, in fact the adoles-
cents might not have finished growing. At ART initiation
(median 11.4years) 55% of those with a height measure-
ment were stunted, indicating risk factors for delayed and
protracted growth spurt.

There is conflicting evidence on whether the effect of
ART on growth outcomes may be independent from
its effect on viral suppression. In cohorts of children in
Uganda (aged 2—7years) and the USA (aged 0—17years),
height and weight z-scores improved in the 2 years after
ART initiation even when viral suppression was not
achieved [26, 27]. However, a larger cohort of 1212 chil-
dren found that height and weight gains were lessened in
virologic non-responders [28].

The strengths of the study are that the sample is
representative of newly diagnosed older children
and adolescents, more than 95% of whom were liv-
ing with perinatally acquired HIV. Anthropometry
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Fig. 3 Restricted cubic spline model of BAZ over time by gender

measurements were frequent and performed in a
standardised manner. The 1990 UK growth reference
curves may not be ideal for the population in Africa.
However, a recent anthropometry survey of 729 healthy
children aged 7-13 in Zimbabwe found that UK growth
curves performed better than the WHO or CDC ref-
erence curves [29]. Our study had several limitations.
The models do not represent repeated measures on
the same individuals over a decade, but are the mean
scores of 302 participants followed for a median of
16.6 months each. Catch-up growth in height may have
become apparent with a longer follow-up on ART. Only
124 adolescents (40.7%) were old enough at any time
during follow-up to be assessed for pubertal delay. We
have not adjusted for length of time on ART, which
could reduce the apparent effect of ART on growth out-
comes. There may also be survival bias in our estimates,
as children who have survived with untreated perina-
tally acquired HIV are taller than expected because of
high mortality among those who were smaller. Sur-
vival bias would cause an underestimate of the effect
of untreated HIV on growth. The protocol stipulated
appointments every 3 months, but in practice they
were arranged around participants’ availability. Mul-
tiple imputation to impute the missing visits was not
used, because there was not enough regularity to iden-
tify gaps in the schedule. A small number of measure-
ments (< 10) could not be used because the z-score was
below —5, even though they may have been correct
values. Information on lifetime hospital admission was
self-reported, prone to recall bias, and did not indicate
number of or reason for admissions.

In conclusion, adolescent boys with perinatally
acquired HIV and late diagnosis are particularly at risk of
growth failure in puberty. These findings demonstrate the
important of timely HIV diagnosis and early ART initia-
tion in order to prevent long-term harmful effects.
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