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ABSTRACT

Antiretroviral therapy (ART) improves growth and survival of HIV-infected individuals. We
designed a retrospective cohort study to assess clinical factors associated with growth in HIV-
infected children on ART in Uganda between July 2003 and March 2006. Height and weight
measurements taken pre- and post-ART initiation for at least 6 months were age- and gen-
der-standardized to CDC 2000 reference. We analyzed medical records of 749 children re-
ceiving ART. Descriptive and logistic regression analyses were conducted to identify covari-
ates associated with risk of either stunting or being underweight. Longitudinal regression
analysis with a mixed model using autoregressive covariance structure was used to compare
change in height and weight before and after initiation of ART. The mean age of the study
population at first visit was 7.5 years. Mean height-for-age, weight-for-age, and weight-for-
height percentiles at first visit were 8.6, 7.7, and 7.9, respectively. At last visit mean height-
for-age, weight-for-age, and weight-for-height percentiles were 8.6, 13.3, and 13.8, respectively.
Baseline weight-for-age z score of 1 or more was protective against stunting (odds ratio [OR]
0.25, confidence interval [CI] 0.18-0.35) while baseline height-for-age z score of 1 or more was
protective against becoming underweight (OR 0.75, CI 0.63-0.88). Children in World Health
Organization (WHO) stages II, III, and IV at baseline were 1.5 times more likely to become
underweight (OR 1.51, CI 1.07-2.14). Initiation of ART resulted in improvement in mean stan-
dardized weight-for-age z score and weight-for-age percentiles (p < 0.001). Weight-for-age per-
centile and z score improved significantly after initiation of ART. This pediatric population
gained weight more rapidly than height after initiation of ART.

INTRODUCTION dren from Uganda, Malawi, South Africa, and

Rwanda have demonstrated that perinatally

IV INrECTION adversely affects growth of acquired HIV infection is associated with poor
children. Prior to antiretroviral therapy growth outcome marked by high mortality,
(ART) in Africa, studies in HIV-infected chil- stunting, and wasting.'* Comparative studies

!Baylor College of Medicine, Abbott Fund Children’s Clinical Centre of Excellence, Malawi.

2Baylor College of Medicine International Pediatric AIDS Initiative Mulago Pediatric Infectious Diseases Clinic,
Kampala, Uganda.

3The University of Texas School of Public Health, Houston, Texas.

4Baylor College of Medicine International Pediatric AIDS Initiative, Texas Children’s Hospital, Houston, Texas.

245



246

KABUE ET AL.

TaBLE 1. WEIGHT, HEIGHT, VIRAL LOAD, AND CD4" CHANGES IN CHILDREN RECEIVING ANTIRETROVIRAL THERAPY
Changes in weight and
Reference, Type of Sample height z scores, VL & Duration of
study location study size CD4* cell counts p value Sfollow-up
Verwell (2002)8 Prospective 24 A trend toward a 0.052 96 weeks
United States cohort significantly increased (weight)
z score change after
initiation of ART 0.056
compared with z score (height)
change before ART for
both height and weight.
Newell (2003)° Prospective 1587 The z scores for height 10 years
11 European cohort and weight gain improved (1987-1997)
countries in children on
combination therapy
regardless of their clinical
classification.
Kline (2004)'0 Prospective 173 +284 cells/uL increase < 0.001 67 weeks
Romania cohort (2002-2003)
542 Median growth velocity:
25th-50th percentile
Viani (2004)" Historical 129 VL decrease from 4.53 < 0.001 6 years
United States cohort logip to 3.27 logio (1994-2001)
copies/mL.
Increase in CD4% cell < 0.01
percentage from 22.5%
to 31.2%.
Nachman (2005)'2 Prospective 192 Mean weight z score 96 weeks
United States cohort increase from —0.57

to —0.16

VL, viral load; CD4", CD4 cells per microliter of blood; ART, antiretroviral therapy.

of HIV-infected with non-HIV-infected chil-
dren have demonstrated that HIV-infected
children have lower mean z scores at each pe-
riod with deficits in weight occurring earlier in
life than deficit in height or length.? z scores are
calculated through the conversion of raw
weight and height measurements from the
study population compared to age- and gen-
der-matched sample from a standard popula-
tion.”

With the introduction of protease inhibitor
and non-nucleoside analogue combination
therapy in 1996, highly active antiretroviral
therapy (HAART) has been shown to be effec-
tive in suppressing viral replication, and de-
creased HIV-1 associated mortality and mor-
bidity while promoting growth.>” Studies
conducted in HIV-infected children and ado-
lescents receiving ART have demonstrated that
ART improves weight and height, and reduces
mortality and morbidity as summarized in
Table 1.312 When ART is initiated early in eli-

gible HIV-infected children, clear benefits on
weight and height gain can be expected.'® In
the absence of timely initiation of ART, HIV-
infected children may end up being stunted,
underweight, or both. The World Health Or-
ganization in 2006'* published new growth
standards that differ considerably from the pre-
viously recommended National Center for
Health Statistics (NCHS)/WHO international
reference particularly in infancy. The new
WHO standards will result in estimates of
stunting being higher throughout childhood,
but prevalence of overweight will be greater
and vary by age, gender, and nutritional status
particularly in developing countries.!*
Growth retardation at crucial developmental
stages in children impacts their overall mental
and physical development. Approximately
43% of children (230 million) in developing
countries are stunted.!®> Data from Uganda in-
dicate that growth deficiencies are present
among the children in the general population;
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according to the United Nations Children’s Fund
(UNICEF)!¢ the prevalence of moderate to severe
stunting in children younger than 5 years of age
in Uganda is 39% while the prevalence of mod-
erate to severe underweight is 23%. Although
mass vitamin A supplementation for all children
has been proposed and implemented in coun-
tries like Uganda, its effectiveness in reducing
morbidity and promoting growth has not been
demonstrated in HIV-infected children. A clini-
cal trial'” in Uganda reported that vitamin A sup-
plementation did not have significant effect in re-
ducing the prevalence of fever, ear discharge,
and bloody stools in children. Pediatric HIV in-
fection may result in children being under-
weight, stunted, or wasted despite having good
nutrition and a normally functioning endocrine
system.'820 Some possible explanations for the
poor growth in HIV-infected children include
acute infection episodes, inadequate dietary in-
take, gastrointestinal malabsorption, increased
energy utilization for HIV replication, and psy-
chosocial problems.!8-20

In an attempt to identify clinical predictors
of HIV disease progression in children, a group
of researchers used Pediatric AIDS Clinical Tri-
als Group data (PACTG 300)?! to assess the use-
fulness of physical examination to predict HIV
disease progression with an aim of applying
the technique in resource-poor settings espe-
cially in Africa, where routine laboratory mon-
itoring for all patients is not feasible. The clin-
ical model used treatment regimen, age, and
height velocity. The researchers concluded that
the clinical model performed similarly to using
laboratory HIV viral load measurements and
recommended that the model be validated us-
ing data from resource-poor settings. We de-
signed a study to describe changes in weight
and height in HIV-infected children receiving
ART at Mulago Pediatric Infectious Disease
Clinic (PIDC) using outpatient clinical data col-
lected during routine clinic visits. The specific
objectives were: (1) to compute and compare,
age- and gender-standardized weight and
height measurements before and after initia-
tion of ART in a pediatric population on ART
at Mulago PIDC between July 2003 and March
2006 and (2) to assess factors associated with
changes in weight and height in this HIV-
infected pediatric population.
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MATERIALS AND METHODS

This was a retrospective cohort study that
used secondary data from Mulago PIDC, in
Uganda. The study population consisted of
1041 patients who attended the Mulago PIDC
between July 2003 and March 2006 who had a
minimum of two clinic visits. A subset of 749
children and adolescent Ugandan children re-
ceiving ART who had at least 6 months of fol-
low-up was identified after thorough data
cleaning after the study was approved by both
Mulago Hospital (Uganda) and Baylor College
of Medicine Institutional Review Board. Viral
load and CD#4 cell count data were not avail-
able. The variables investigated in this study
were: age, gender, weight, height, and HIV dis-
ease stage (WHO clinical staging).

Height and weight measurements were first
converted to age- and gender-standardized
values with United States as the reference pop-
ulation, using Epi Info 2000 (Centers for Dis-
eases Control and Prevention [CDC], Atlanta,
GA).2 Growth was analyzed primarily in
terms of height-for-age-and-gender z scores
(HAZ), and weight-for-age-and-gender z
scores (WAZ). Weight-for-height z scores
(WHZ), body mass index z scores (BMIZ), and
height and weight percentiles were also gen-
erated during the age and gender standard-
ization process. Stunting was ascertained
when a patient was below the fifth height-for-
age percentile compared to a reference popu-
lation during any clinic visit. On the other
hand, underweight was ascertained when a
patient was below the fifth BMI percentile
compared to a reference population. A major-
ity of the study children were aged 2-19 years
(82.3%), and it was decided to use BMI per-
centile to define underweight.

Logistic regression analysis was carried out
to identify covariates associated with risk of
stunting and being underweight. Longitudinal
regression analysis using mixed model with
autoregressive covariance structure was used
to compare trends of height and weight before
and after initiation of ART. The model con-
taining two lines intersecting at the time of ini-
tiation of ART allows two slopes, one before
and the other after initiation of ART. The two
slopes were used to examine weight and height
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TABLE 2. DESCRIPTION OF THE STUDY POPULATION

Parameter n (%)
Age (n = 749)
0-2 years 105 (14.0)
> 2-8 years 321 (42.8)
> 8-13 years 199 (26.6)
> 13 years 124 (16.6)
Gender (n = 749)
Male 384 (51.3)
Female 365 (48.7)
WHO HIV disease staging (n = 399)
[—Asymptomatic 46 (11.5)
II—Early HIV disease 109 (27.3)
HI—Chronic HIV associated infections 201 (50.4)
IV—Recurrent severe bacterial infections 43 (10.8)

changes before and after initiation of ART.
Stata software version 9.0 (StataCorp, College
Station, TX) was the principal statistical pack-
age used for data analyses. p value and 95%
confidence interval were used to determine lev-
els of significance. A p value of < 0.05 was con-
sidered statistically significant.

RESULTS

The mean age of the study population who
had at least 6 months of follow-up (n = 749) at
tirst visit was 7.5 years (standard deviation
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[SD] =4.7), all aged younger than 20 years.
There were approximately equal numbers of
males and females, and half of the children
were in WHO stage III (Table 2). The mean pre-
ART follow-up time was 4 months while mean
follow-up time on ART was 6 months. Mean
height-for-age, weight-for-age, and weight-for-
height percentiles at first visit were 8.6, 7.7, and
7.9, respectively. At last visit, mean height-for-
age, weight-for-age, and weight-for-height per-
centiles were 8.6, 13.3, and 13.8, respectively.
With respect to the z scores, mean height-for-
age, weight-for-age, and weight-for-height z
scores at first visit were -2.7, -3.2, and -1.5, re-
spectively. At last visit mean height-for-age,
weight-for-age, and weight-for-height z scores
were -2.4, -2.1, and -0.2 respectively (Table 3).
There was statistically significant improvement
in height-for-age z score, weight-for-age z
score, and body mass index z score, from first
to last visit (p < 0.05).

Logistic regression on the changes in weight
and height percentiles before after initiation of
ART showed that before initiation of ART,
height-for-age percentiles were on a down-
ward trend (p < 0.05) but this trend reversed
after initiation of ART (p < 0.05). Weight-for-
age percentiles increased only slightly before
initiation of ART but improved rapidly after

TaBLE 3. CHANGES IN AGE, HEIGHT, WEIGHT, PERCENTILES, AND Z SCORES FROM FIRST TO LAST VISIT

Growth indicator At first visit At last visit p value
Age (years): n = 749
Mean, SD (Range) 75,SD =47 8.6, SD = 4.8, < 0.001
(0.1-19.3) (0.6-19.9)
Height-for-age z Score: n = 749
Mean, SD (Range) —-2.7,SD = 1.8 —24,SD =15 0.002
(—11.2 to 4.5) (—=10.2 to 3.8)
Weight-for-age z Score: n = 749
Mean, SD (Range) -3.2,SD =25 -2.1,SD =19 < 0.001
(—25.4 to 2.0) (—20.6 to 2.5)
Weight-for-height z Score: n = 399
Mean, SD (Range) —-15,SD =19 —-0.2,SD =14 < 0.001
(=119 to 3.7) (—6.8 to 2.6)
Height-for-age percentile: n = 749
Mean, SD (Range) 8.6, SD = 19.0 8.6,SD = 17.3
(0 to 100.00) (0-100.00) 0.856
Weight-for-age percentile: n = 749
Mean, SD (Range) 7.7,SD = 17.7 13.3,SD = 20.6 < 0.001
(0 to 97.9) (0-99.3)
Weight-for-height percentile: n = 399
79,SD = 18.2 13.8, SD = 20.9 < 0.001
(0-97.9) (0-94.00)

SD, standard deviation.
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TABLE 4. UNIVARIATE AND MULTIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH STUNTING AND UNDERWEIGHT

Stunting

Predictor

variable Univariate odds ratio Multivariate odds ratio®

(n = 399) (95% CI) p value (95% CI) p value
Baseline age 1.09 (0.91-1.31) 0.333 0.85 (0.60-1.21) 0.364
Gender 1.21 (0.86-1.70) 0.254 0.61 (0.33-1.14) 0.122
Baseline WAZ 0.26 (0.21-0.33) < 0.001 0.25 (0.18-0.35) < 0.001
Baseline WHO 2.13 (1.60-2.84) < 0.001 1.23 (0.83-1.80) 0.299
Stage

Underweight

Predictor

variable Univariate odds ratio Multivariate odds ratio

(n = 399) (95% CI) p value (95% CI) p value
Baseline age 1.92 (1.59-2.32) 0.001 2.42 (1.81-3.25) < 0.001
Gender 1.17 (0.83-1.63) 0.368 1.14 (0.68-1.91) 0.618
Baseline HAZ 0.77 (0.70-0.85) < 0.001 0.75 (0.63-0.88) 0.001
Baseline WHO 1.52 (1.12-2.05) 0.007 1.51 (1.07-2.14) 0.019

Stage

2Each variable adjusted for others in the multivariate analysis.
CI, confidence interval; WAZ, weight-for-age-and-gender z scores; WHO, World Health Organization; HAZ, height-

for-age-and-gender z scores.

initiation of ART (p < 0.05). Table 4 shows that
after adjusting for age and gender in multi-
variate logistic regression analysis, baseline
weight-for-age z score of 1 or more was pro-
tective against stunting (OR 0.25, CI 0.18-0.35)
while baseline height-for-age z score of 1 or
more was protective against becoming under-
weight (OR 0.75, CI 0.63-0.88). Children in
WHO stages 1II, 11I, and IV at baseline were 1.5
times more likely to become underweight (OR
1.51, CI 1.07-2.14).

Changes in height-for-age and weight-for-
age tracked for a period of 24 months from the
tirst visit. Improvement in height-for-age z
score was statistically significant in all patients
who had at least 6 months follow-up and again
at 12 months follow-up (n = 749, p = 0.007; n =
392, p = 0.002), respectively. Weight-for-age z
score improvement were statistically signifi-
cant at 6 months, 12 months, and 18 months
follow-up (n =749, p<0.001;, n=2392, p<
0.001 and n = 151, p < 0.001), respectively.

DISCUSSION
Access to pediatric ART treatment is still lim-

ited to approximately 8% of the eligible chil-
dren (43,700) receiving ART in Uganda. The na-

tional ART program was still in the early stages
and data on side effects to antiretrovirals neces-
sitating treatment failure were few. At the time
this study was undertaken, over 98%, of the few
children who received antiretrovirals in 2003
were still on their first regimen. In case of treat-
ment failure on the first regimen, patients were
switched to another ART regimen but adminis-
tration of antiretrovirals was not stopped. Less
than 5% of the enrolled children were on sec-
ond-line regimen in Uganda in 2006.

The goal of administering ART to HIV-in-
fected children is prolonging life and ensuring
that HIV-infected children achieve sustained
growth and development.!® Growth is an im-
portant outcome that is assessed in any pedi-
atric HIV care and treatment program as it may
be marker of a program’s effectiveness. The
low height and weight percentiles reported in
this study may be partly attributed to the fact
that the referent population (United States) is
markedly different from the Ugandan popula-
tion with respect to nutritional status. A ma-
jority of the z scores in many patients were in
the negative (minus), suggesting a downward
shift for the general Ugandan population com-
pared to the United States population.??

When the impact of administering ART on
change in height was examined, it became ev-
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ident that administration of ART was of great
benefit in this pediatric population because it
resulted in the reversal of a downward trend
in both height-for-age z score and height per-
centile to positive values (p < 0.001). With re-
gard to weight and administration of ART,
both weight-for-age z score and weight-for-age
percentiles improved significantly implying
that administration of ART to these children re-
sulted in greater improvement in weight than
height. Our findings are consistent with other
studies that have reported improvement of
both weight and height in HIV infected chil-
dren'?13 after initiation of ART. Differences in
the referent population (United States) and
Ugandan populations may be responsible for
the large standard deviations observed in this
study. According to WHO, with accurate age
assessment and anthropometric measure-
ments, the standard deviation of the observed
height-for-age, weight-for-age, and weight-for-
height z scores should range from 0.85 to 1.3.23
Furthermore, the study population was in a
way selected (HIV-positive children and at-
tending Mulago PIDC), and therefore different
from the referent population. Adherence to
ART in this population can be presumed to
have been good since 86% of the patients were
reported to have been 100% adherent to all
three ART medications. However, adherence
was not appropriately measured and docu-
mented in our study population and thus the
percent level of adherence could not be calcu-
lated.

This study had several strengths. We used a
cohort design, which provides a higher level of
evidence of the relationship between explana-
tory and outcome variables compared to cross-
sectional and case-control designs. Another
strength of this study is the use of numerous
weight and height measurements before and
after initiation of ART during clinic visits in the
analysis, which provided a good estimate of the
true changes in weight and height values ana-
lyzed. On the contrary, the manner in which
weight and height measurements were ob-
tained and documented may have been a pos-
sible weakness in this study given that nearly
one third of patient visits were deleted in the
data cleaning phase mainly due to either miss-
ing or wrong height and weight values. One
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possible explanation for missing and wrong en-
tries may be differential implementation of the
weight and height measurement protocol by
the clinic staff that carried out the measure-
ments during each clinic visit. Data entry er-
rors may also have occurred because data were
tirst captured on paper during clinic visits and
then entered into the respective electronic med-
ical record for each clinic visit. Finally, viral
load and CD4 cell measurements that are valu-
able resources for monitoring response to ad-
ministration of ART were not available for
analysis in this study. In conclusion, adminis-
tration of ART was of great benefit to the chil-
dren in this study population. Stunting was a
common feature in HIV infected children at
Mulago PIDC in Uganda, and remained so af-
ter ART initiation. However, this pediatric pop-
ulation on ART Mulago PIDC gained weight
more rapidly upon initiation of ART. We rec-
ommend closer monitoring of weight and
height measurements at Mulago PIDC to en-
sure high-quality data especially in settings in
which routine laboratory monitoring is not fea-
sible.
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