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Abstract

Objective: To assess the associations between maternal HIV infection and growth
outcomes of HIV-exposed but uninfected infants and to identify other predictors
for poor growth among this population.

Design: Within a trial of de-worming during pregnancy, the cohort of offspring
was followed from birth. HIV status of the mothers and their children was
investigated and growth data for children were obtained at age 1 year. Length-
for-age, weight-for-age and weight-for-length Zscores were calculated for each child,
Z-scores <—2 were defined as stunting, underweight and wasting, respectively.
Setting: The study was conducted in Entebbe municipality and Katabi sub-
county, Uganda.

Subjects: The sample consisted of 1502 children aged 1 year: HIV-unexposed
(n 1380) and HIV-exposed not infected (7 122).

Results: Prevalence of stunting, underweight and wasting was 14-2%, 8-:0% and
3-9 %, respectively. There was evidence for an association between maternal HIV
infection and odds of being underweight (adjusted OR = 2:32; 959% CI 1-32, 4-09;
P=0-006) but no evidence for an association with stunting or with wasting.
Young maternal age, low maternal education, low birth weight, early weaning
and experiencing a higher number of episodes of malaria during infancy were
independent predictors for stunting and underweight. A higher number of living
children in the family was associated with wasting.

Conclusions: Maternal HIV infection was associated with being underweight in

HIV-exposed uninfected infants. The success of programmes for prevention H||\(,e!,:’;;’s::::
of mother-to-child HIV transmission means that an increasing number of infants Poor growth
will be born to HIV-infected women without acquiring HIV. Therefore, viable Infancy
nutritional interventions need to be identified for this population. Uganda

Growth failure in children is a global health problem
in developing countries. Data on predictors of growth
failure in infants born to women infected with HIV are
limited in this setting'". In vertically HIV-infected children,
poor growth may be an early marker of infection or
progression to disease'®. HIV-infected children normally
grow considerably more slowly than their HIV-exposed,
uninfected counterparts, and the gap between the two
groups tends to widen with age. Children born to HIV-
positive women are particularly susceptible to malnutrition.
Growth failure is frequently found in this population,
especially in areas where a high prevalence of HIV/AIDS
coexists with high rates of food insecurity**?’.

*Corresponding author: Email Lawrence. Muhangi@mrcuganda.org

HIV exposure in utero without subsequent infection
may affect growth in infancy and early childhood®.
Newborns whose mothers are infected with HIV may
have higher rates of fetal malnutrition than newborns
of HIV-seronegative mothers™, and this disadvantage is
likely to extend beyond infancy. A study in Zambia found
that HIV-exposed, uninfected infants had poorer growth
than their HIV-unexposed counterparts”’. According to a
WHO working group, uninfected infants born to HIV-
positive mothers grow in an unfavourable intra-uterine
environment where, depending upon the setting, they
may suffer from greater exposure to maternal infection
and maternal malnutrition, or to drug addiction, smoking
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and poor social conditions'®. Furthermore, maternal HIV
severity is associated with higher morbidity and mortality,
and lower weight at age 4 months, among HIV-exposed
but uninfected children”. More studies have been
recommended to elucidate the relationship between
maternal immune status markers including viral load and
CD4 cell count and child growth®.

Many other determinants of nutritional status of children
have been reported. Parental education, particularly
mother’s education, is reported to have a strong influence
on the nutritional status of the child~'". Household socio-
economic status and access to clean water may also have a
significant impact on children’s nutritional status" 2,
Some studies have found that rural children are more likely
to be stunted, wasted or underweight than those living in
urban settings”'?. Maternal health is also important, for
example maternal depression may interfere with the quality
of care given to the infant™®. In addition birth order of the
child has been associated with poor growth; the higher the
birth order, the higher the risk of malnutrition">.

The main aims of the present analysis were to: (i) assess
the associations between maternal HIV infection and
growth outcomes of HIV-exposed but uninfected infants;
and (i) identify other potential determinants for poor
growth among infants in Entebbe municipality and Katabi
sub-county of Uganda.

Materials and methods

Study area and participants

The study was conducted in Entebbe municipality and Katabi
sub-county as previously described®. It was a randomized,
double-blind, placebo-controlled trial of anthelminthics in
pregnancy, using albendazole v. placebo and praziquantel v.
placebo in a 2 X 2 factorial design. The study was originally
designed to examine effects of anthelminthic treatment
during pregnancy on infant responses to immunization and
infectious disease incidence. Results of the trial have been
reported elsewhere and no effect of the trial intervention
on growth parameters was observed''®. The study results
reported herein represent a retrospective observational
analysis of differences in growth at 1 year of age between
HIV-exposed but uninfected infants and infants born to
women who were HIV-negative. Socio-economic, maternal
and infant characteristics were also evaluated for associations
with growth outcomes at 1 year of age.

Women were recruited at the antenatal clinic at Entebbe
Hospital between April 2003 and November 2005. They
were eligible if they were well, resident in the study area,
planning to deliver their baby at the hospital, willing to
participate and willing to know their HIV status; and exclu-
ded if they had Hb <8g/dl, clinically apparent severe liver
disease, diarthoea with blood in the stool, abnormal preg-
nancy, history of adverse reaction to anthelminthic drugs or
had participated in the study during an earlier pregnancy.
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Following delivery, children were followed up according
to the study protocol. Morbidity data were collected pro-
spectively at the research clinic. Malaria was diagnosed as
fever (=37-5°C) with Plasmodium falciparum parasitaemia.
Data on asymptomatic parasitaemia were collected annually.
Study nurses were trained on how to take and record the
anthropometric measurements. Weight measurements for
1-year-olds were taken using CMS Weighing Equipment,
model MP25 (Chasmors Ltd, London, UK). The children
were lightly dressed wearing undergarments only, and
wore a measuring trouser which was then suspended on a
weighing scale. Measurement of recumbent length at age
1 year was done using an adjustable child-length measuring
board (Seca; Vogel & Halke, Hamburg, Germany).

In 2002, prior to the start of the study, the research
team in collaboration with Entebbe Hospital established a
programme for prevention of mother-to-child HIV trans-
mission at the hospital. In accordance with guidelines
current at the time'”, women identified as HIV-positive
were offered a single dose of nevirapine for themselves
and their infants, to be taken during labour and after
delivery, respectively. HIV-positive women were provided
with cotrimoxazole daily for prophylaxis of opportunistic
infections; HIV-exposed infants were provided with cotri-
moxazole syrup from age 6 weeks until their HIV status was
assessed at age 18 months; at this time, cotrimoxazole was
discontinued for HIV-negative children. HIV-positive infants
were referred for care at nearby specialist centres. Highly
active antiretroviral therapy (HAART) for treatment was not
widely available in Uganda at the time when women were
recruited to the study; however, five HIV-positive women
were recorded as taking HAART during pregnancy.

HIV diagnosis

Mothers’ HIV status was assessed by a rapid test algorithm
before delivery as previously described®”. Vertical HIV
transmission was diagnosed by RNA and DNA PCR at age
6 weeks as previously described*® and by rapid test at
age 18 months. Infants were regarded as being HIV-
positive if the 6-week sample had a positive DNA PCR
for any of the viral regions examined and a viral load of
1000 copies per millilitre or more, or if the rapid test at
18 months of age was positive.

Blood samples were obtained from HIV-infected
pregnant women. CD4 cell counts were ordered as part of
the baseline measurement and done using a BD FACS-
count™ flow cytometer (Becton Dickinson, San Jose, CA,
USA). Maternal immunological status was dichotomized
based upon results of CD4 testing performed at enrolment,
with women having a CD4 count of =350 cells/mm?® being
categorized as having poor immunological status.

Outcome measures

The outcome variables for the present study were the three
continuous anthropometric measures, length-for-age Z-score
(LAZ), weight-for-age Z-score (WAZ) and weight-for-length
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Z-score (WLZ), derived by importing growth parameters
into WHO Anthro software version 3 (April 2009). The
continuous value of each of the three anthropometric
measures was also used to derive three binary variables
reflecting the presence or absence of a Z-score <—2, i.e.
stunting (LAZ <-—2), underweight (WAZ <-2) and
wasting (WLZ <-—2), which were then also used as
dependent variables for the study objectives.

Statistical methods
Data management was done using the Microsoft® Access
database designed for the anthelminthic trial. Statistical
analyses were performed using the STATA statistical
software package version 10. The second” or third
infant™” in a twin or triplet pregnancy was excluded from
the analysis but five women on HAART were retained.
In order to evaluate the associations between HIV expo-
sure, other factors and growth outcomes, we used as response
variables the continuous Z-scores and the binary variables for
stunting, underweight and wasting defined above.
Univariable analysis was first performed. For the con-
tinuous outcomes linear regression was used to investi-
gate whether HIV exposure and other risk factors were
associated with the mean Z-score; mean differences in
Z-score and 95% confidence intervals were used to
quantify the association between each risk factor and
growth. For the binary outcomes, logistic regression was
used to investigate whether HIV exposure and other risk
factors were associated with the prevalence of stunting,
underweight and wasting; odds ratios were used to
quantify the association between each risk factor and
poor growth. Multivariable analyses were then conducted
investigating factors considered likely to be potential
confounders, including maternal age, maternal education,
maternal income, household socio-economic status (a score
based on building materials, number of rooms and items
owned) and episodes of malaria during infancy; variables
assumed to be potential confounders and variables that
presented a P value of <0-05 in the univariable analysis
were included in multivariable regression models.
Significance levels in the final model were determined
using likelihood ratio tests. A similar approach was used
to investigate other risk factors for stunting, underweight
and wasting in this population. The following factors
were considered: sex of the child, low birth weight, low
maternal CD4 cell count, number of living children in the
family and early weaning (defined as introducing cow’s
milk at or before the age of 6 weeks).

Results

There were 2507 mothers enrolled and 2345 live births,
with 2092 children under follow-up throughout the first
year of life™™; 1701 children were seen at age 1 year, of
whom 1554 had data on HIV exposure status and growth
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parameters. Retaining only one infant from twin or triplet
pregnancies reduced this number to 1536. Mothers of
children who did not have growth data available were,
on average, younger than mothers whose children did have
growth data (P<<0-001), more likely to be single mothers
(P=0-001), more likely to be HIV-positive (P<<0-001) and
more likely to have malaria at enrolment (P<<0-001) There
were no other differences between mothers whose children
provided growth data at 1 year and mothers whose children
did not contribute to growth data (data not shown).

Of the 1536 children, 1380 (89:8%) were not exposed
to HIV, 122 (8:0%) were exposed but not infected,
nineteen (1:2%) were exposed and infected, fifteen
(1-0%) were exposed but their HIV infection status was
not available. Of the nineteen exposed and infected,
twelve infants tested positive for HIV at 6 weeks and at
18 months, five infants tested negative at 6 weeks but
were HIV-positive at 18 months, two infants did not have
a 6-week test result but tested positive for HIV at 18 months.
The infected children (nineteen) and those whose status
was not available (fifteen) were excluded, leaving a total of
1502 children for the present analysis.

Characteristics of the study participants, stratified by
HIV exposure status, are shown in Table 1. HIV-positive
mothers were more likely to be older, to have primary or
no formal education, to be widowed/divorced/separated
and to have had five or more pregnancies than HIV-
negative mothers in this population. The CD4 count at
enrolment ranged from 19 to 1473 cells/mm?, with a median
of 538 (interquartile range 345-710) cells/mm®. HIV-
exposed uninfected children had a significantly lower mean
birth weight than unexposed children (P= 0-028).

Associations between maternal HIV and

growth outcomes

The overall mean LAZ was —0-82, WAZ was —0-31 and
WLZ was 0-12. Prevalence of stunting, underweight and
wasting was 14-2%, 8:0% and 3-9 %, respectively. At age
1 year, HIV-exposed uninfected babies had a lower mean
LAZ (adjusted mean difference —0-16; 95% CI —0-39, 0-06;
P=0-16; Table 2) and a somewhat lower mean WAZ than
HIV-unexposed babies (adjusted mean difference —0-13;
95% CI —0-35, 0-09; P= 0-23; Table 3). There was also little
difference between mean WLZ in the two groups (adjusted
mean difference —0-04; 95% CI —0-27, 0-19; P=0-74;
Table 4). Analysis of the binary variables showed that HIV
exposure was significantly associated with underweight
(P=0-006; Table 3), but not with stunting or wasting. In
other words, HIV-exposed but uninfected children tended
to be shorter than HIV-unexposed infants, but their weight
was proportionate to their length.

Associations between other factors and growth
outcomes

Young maternal age, low maternal education, low birth
weight, male sex and repeated episodes of malaria in
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Table 1 Maternal and child characteristics for HIV-unexposed and HIV-exposed but uninfected infants, Entebbe municipality and Katabi

sub-county, Uganda, 2003-2005

HIV-unexposed children (n 1380)

HIV-exposed, uninfected (n 122)

Mean, n sD, % Mean, n sD, % P value
Characteristic or median or IQR or median or IQR (x? test)
Maternal characteristics
Mother’s age (years)* 23-78 5-36 26-35 5-43 <0-001
Maternal age group (years)t
14-19 327 24 12 10 <0-001
20-24 526 38 36 30
25-29 314 23 42 34
30-34 148 11 21 17
=35 65 5 11 9
Mother’s educationt
Primary or none 715 52 83 68 0-001
Secondary or tertiary 661 48 39 32
Marital status (1 MV)+t
Single 161 12 11 9 <0-001
Married 1190 86 100 82
Widowed/divorced/separated 28 2 11 9
Number of pregnanciest
1 362 26 18 15 0-003
2-4 802 58 74 61
=5 216 16 30 24
CD4 count at delivery (cells/mm?®)t - - 538 345-710
Child characteristics
Child’s sext
Male 709 51 57 47 0-324
Female 671 49 65 53
Birth weight (kg)* 3-41 0-92 3-22 0-72 0-028
Birth weight category (12 MV)t
Normal, =2-5kg 1290 94 109 90 0-068
Low, <2-5kg 79 6 12 10
MV, missing values.
*Values are presented as mean and standard deviation.
tValues are presented as number and percentage.
tValues are presented as median and interquartile range (IQR).
infancy were associated with an increased odds of Discussion

stunting (Table 2), while being a male child, low birth
weight, early weaning and having malaria during infancy
were associated with being underweight (Table 3).
Higher number of living children in the family, low birth
weight and low maternal income were associated with
wasting (Table 4). Maternal helminth infection was not
associated with poor growth in this population (data not
shown); as previously reported, anthelminthic treatment
showed no effect on growth during infancy™®.

Associations between growth outcomes and maternal
CD4 cell count were explored among infants of HIV-
positive mothers by categorizing enrolment CD4 count
into two categories: =350 cells/mm?® and >350 cells/mm?
(Tables 2, 3 and 4). Low maternal CD4 cell count
increased the odds of both stunting and underweight but
the association was not significant (Tables 2 and 3). The
average breast-feeding duration for HIV-unexposed
infants (mean 16-73 (sp 5-48) months) was significantly
longer than that for HIV-exposed uninfected infants
(mean 7-80 (sp 6:07) months; P<0-001). Results from
subgroup analysis showed that breast-feeding duration
was not associated with growth outcomes.
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We have observed that maternal HIV infection is strongly
associated with increased odds of being underweight,
but not with stunting or wasting, among HIV-exposed
uninfected infants in this population. The underlying
mechanism is not fully understood and may be multi-
factorial. The association with underweight but not
stunting or wasting indicates chronic nutritional defi-
ciency, as opposed to a sudden effect of acute illness or
deprivation. Our study finding that HIV exposure is
associated with underweight among HIV-exposed unin-
fected children corroborates the findings of other studies
from Sub-Saharan Africa®.

Growth faltering among HIV-exposed but uninfected
infants could be caused indirectly by HIV-related symp-
toms in the mother: HIV may incapacitate the mother and
this might translate into less provision of care to her child.
HIV-positive women with low CD4 cell counts may be at
greater risk of postnatal depression®*? | and this could
also influence the care that they are able to provide for
their children at a critical stage in their development. Our
analysis on measures of maternal immune status showed
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Table 2 Association of HIV exposure and other factors with stunting* in 1-year-olds, Entebbe municipality and Katabi sub-county, Uganda, 2003-2005

LAZ Difference in LAZ Stunted Odds for stunting
P value P value

Risk factor n Mean sp  Adjusted differencet 95 % Cl (trend) n/N %  Unadjusted OR  95% Cl  Adjusted ORt 95% CI (trend)
HIV exposure

HIV-unexposed 1362 -0-81 1-19 - - 187/1356 13-8 1-00 - 1-00 -

HIV-exposed 121 —-0-94 1-30 -0-16 —-0-39, 0-06 0-157  23/121 19-0 1-47 0-91, 2-37 1-55 0-92, 2-61 0-107
Sex of child

Male 754 -0-99 1-24 - - 147/753 195 1-00 - 1-00 -

Female 729 -0-65 1-13 0-33 0-22, 0-46 <0-001 63/724 87 0-39 0-29, 0-54 0-37 0-26, 0-51  <0-001
Mother’s age group (years)

14-19 335 -1-08 1-23 - - <0-001 66/331 19-9 1-00 - 1-00 - 0-002

20-24 555 —-0-84 1-18 0-26 —-0-10, 0-43 <0-001 84/554  14-8 0-70 0-49, 0-99 0-69 0-48, 1-01 0-001

25-29 350 —-0:65 1-05 0-41 0-22, 0-59 30/350 86 0-38 0-24, 0-60 0-38 0-23, 0-:63

30-34 167 —0-69 1-36 0-44 0-21, 0-67 22/167 132 0-61 0-36, 1-03 0-53 0-29, 0-96

=35 76 -—-0-67 1-26 0-46 0-16, 0-77 10/75 13-3 0-62 0-30, 1-27 0-54 0-24, 1-21
Mother’s education

Secondary/tertiary 695 —-0-64 1-22 - - 80/691 11-6 1-00 - 1-00 -

Primary/none 784 —-0-98 1-16 —0-28 —0-41, —0-15 <0-001 129/782 16-5 1-51 112, 2-04 1-39 1-00, 1-93 0-048
Mother’s income (Ush)

>60000 102 -0-36 1-13 - - 7/102 6-9 1-00 - 1-00 -

=60000 1341 -0-86 1-19 -0-25 —-0-50, —0-01 0-058 196/1335 147 2:34 1-07, 5-11 1-79 0-69, 4-59 0-197
Birth weight

Normal, =2-5kg 1382 -0-77 1-19 - - 180/1377 131 1-00 - 1-00 -

Low, <2-5kg 89 -1-55 1-19 —0-74 -0-99, —0-48 <0-001 29/88 33-0 3-27 2:04, 5-24 3-14 1-86, 529 <0-001
Early weaningt

No 1123 -0-79 1-22 - - 152/1117 13-6 1-00 - 1-00 -

Yes 349 -0-95 1-13 -0-12 —-0-27, 0-02 0-099 58/349 166 1-27 0-91,1-76 1-20 0-84, 1-72 0-314
Household socio-economic index§

1 (low) 77 —0-92 1-05 - - 0-019 11/76 14-5 1-00 - 1-00 - 0-408

2 122 —-1-13 1-06 -0-23 -0-57, 0-11 0-060 21/122 17-2 1-23 0-56, 2:72 1-45 0-63, 3-35

3 451 —-0-92 1-24 0-02 —-0-26, 0-31 79/451 175 1-25 0-63, 2:49 1-23 0-59, 2-56

4 408 -0-85 1-23 —0-04 —-0-33, 0-:25 60/407 147 1-02 0-51, 2-:05 1-26 0-60, 2:65

5 312 -0-52 1-18 0-20 —-0-10, 0-50 26/310 8-4 0-54 0-25, 1-15 0-80 0-36, 1-78

6 (high) 83 -—-0-81 1-02 —0-05 —0-43, 0-33 8/81 9-9 0-65 0-25, 1-71 0-99 0-36, 2:76
Asymptomatic malaria at age 1 year

No 1401 -0-79 1-19 - - 190/1397 13-6 1-00 - 1-00 -

Yes 76 —1-40 117 -0-35 -0-63, —0-07 0-014 19/74 257 2-19 1-27, 3-78 1-50 0-83, 2:70 0-191
Episodes of malaria during infancy

None 1025 -0-73 1-19 - - <0-001 127/1021 12-4 1-00 - 1-00 - 0-004

One 256 —-0-95 1-20 -0-18 —0-34, —0-01 0-001 41/255  16-1 1-35 0-92, 1-98 1-31 0-88, 1-94 0-001

Two or more 172 —-1-23 1-20 —0-48 -0-67, —0-28 39/171 22-8 2-08 1-39, 3-11 212 1-38, 3-27
Maternal CD4 cell count

>350 cells/mm?® 60 —1-04 1-37 - - 12/60 20-0 1-00 - 1-00 -

=350 cells/mm?> 21 -0-93 128 0-00 —0-00, 0-00 0-261 4/21 191 0-94 0-27, 3-32 4-09 0-64, 25-9 0-126

LAZ, length-for-age Z-score; Ush, Uganda shillings.
*Stunting: a chronic restriction of growth in length/height indicated by a low length-for-age (LAZ <—2).
tAdjusted differences and odds ratios estimated from multivariate linear and logistic regression models that included maternal age, maternal education, income, household socio-economic status, episodes of malaria and

HIV exposure.

tEarly weaning: introducing cow’s milk at or before the age of 6 weeks.
§Household socio-economic status is a score based on building materials, number of rooms and items owned (‘1’ representing lowest and ‘6’ representing highest status).
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Table 3 Association of HIV exposure and other factors with underweight* in 1-year olds, Entebbe municipality and Katabi sub-county, Uganda, 2003—-2005

WAZ Difference in WAZ Underweight Odds for underweight
P value P value

Risk factor n Mean sp  Adjusted differencet 95% CI (trend) n/N %  Unadjusted OR 95% Cl Adjusted ORt  95% Cl (trend)
HIV exposure

HIV-unexposed 1376 —0-30 1-16 - - 102/1375 7-4 1-00 - 1-00 -

HIV-exposed 122 -0-45 1-28 -0-13 —0-35, 0-09 0-229 18/122 14-8 2-16 1-26, 3-70 2:32 1-32,4-09 0-006
Sex of child

Male 763 —0-41 1-24 - - 76/763  10-0 1-00 - 1-00 -

Female 735 —-0-20 1-13 0-22 0-10, 0-34 <0-001  44/734 6-0 0-58 0-39, 0-85 0-57 0-38,0-85 0-006
Mother’s age group (years)

14-19 338 —-0-48 1-13 - - 0-052  34/338 10-1 1-00 - 1-00 - 0-609

20-24 562 -0-32 1-15 0-17 0-01, 0-33 0-009 41/561 7-3 0-70 0-44,1-13 0-70 0-42, 1-14

25-29 353 —-0-21 1-13 0-22 0-04, 0-40 24/353 6-8 0-65 0-38, 1-13 0-67 0-37, 1-19

30-34 169 -0-24 1-23 0-18 —0-04, 0-41 15/169 8-9 0-87 0-46, 1-65 0-80 0-39, 1-62

=35 76 —0-07 1-36 0-38 0-08, 0-67 6/76 79 0-77 0-31, 1-90 0-67 0-24, 1-82
Mother’s education

Secondary/tertiary 699 -0-14 1-15 - - 45/699 6-4 -00 - -00 -

Primary/none 795 -—-0-46 1-16 -0-21 —0-34, —0-:09  0-001 74/794 9-3 -49 1-02, 2:20 1-33 0-88,2:02 0-173
Mother’s income (Ush)

>60000 101 0-33 1-22 - - 3/101 3:0 1-00 - 1-00 -

=60000 1357 —-0-36 1-14 —0-44 -0-69, —0-19  0-001 113/1356 8-3 2:97 0-93, 9-52 1-99 0-60, 6:64  0-222
Birth weight

Normal, = 2-5kg 1397 -0-26 1-15 - - 100/1396 7-2 1-00 - 1-00 -

Low, <2-5kg 89 -0-99 1-16 -0-73 —0-98, —0-48 <0-001 18/89 20-2 3-29 1-88, 573 3-:00 1-62,5-53  0-001
Early weaningt

No 1134 -0-26 1-15 - - 771134  6-8 1-00 - 1-00 -

Yes 353 —-0-47 1-20 -0-17 -0-31, —0-03 0-020 43/352 12-2 1-91 1-29, 2-83 177 1-16,2-71  0-010
Household socio-economic index§

1 (low) 80 -0-37 1-02 - - 0-011 3/80 3-8 1-00 - 1-00 - 0-128

2 122 -0-58 1-15 -0-20 -0-52, 0-13 0-012 12/122 9-8 2-80 0-76, 10-26 2-87 0-77,10-74

3 459 -0-45 1-20 —0-06 —0-34, 0-21 48/458  10-5 3-00 0-91, 9-89 3-00 0-90, 9-99

4 411 -0-32 1-15 -0-04 -0-32, 0-24 33/411 8-0 2:24 0-67, 7-49 2-50 0-74, 8-49

5 312 000 1-07 0-21 —0-08, 0-50 14/312 4.5 1-21 0-34, 4-30 1-59 0-44, 5-76

6 (high) 84 -0-81 1-02 0-01 —0-36, 0-37 8/84 95 2:70 0-69, 10-57 3-69 0-92, 14-76
Asymptomatic malaria at age 1 year

No 1416 —-0-29 1-16 - - 109/1415  7-7 1-00 - 1-00 -

Yes 76 —0-66 1-19 -0-14 -0-42, 0-13 0-311  10/76 132 1-82 0-91, 3:63 1-28 0-60, 2:73  0-538
Episodes of malaria during pregnancy

None 1034 —-0-24 1-15 - - 0-008 75/1033 7-3 1-00 - 1-00 - 0-0894

One 258 —-0-40 1-13 -0-13 —0-28, 0-03 0-002 20/258 7-8 1-07 0-64, 1-79 1-03 0-61,1-74  0-052

Two or more 176 —-0-58 1-27 -0-28 —0-47, —0-09 24/176 136 2-:02 1-23, 3-29 1-85 1-09, 3-14
Maternal CD4 cell count

>350 cells/mm?® 61 -0-56 1-27 - - 9/61 14-8 1-00 - 1-00 -

=350 cells/mm?® 21 —-041 127 0-00 —-0-00, 0-00 0-110 5/21 23-8 1-81 0-53, 6:17 3-13 0-61, 16-12 0-169

WAZ, weight-for-age Z-score; Ush, Uganda shillings.
*Underweight: a reflection of low weight-for-age (WAZ <-2).

tAdjusted differences and odds ratios estimated from multivariate linear and logistic regression models that included maternal age, maternal education, income, household socio-economic status, episodes of malaria and

HIV exposure.

tEarly weaning: introducing cow’s milk at or before the age of 6 weeks.
§Household socio-economic status is a score based on building materials, number of rooms and items owned (‘1’ representing lowest and ‘6’ representing highest status).
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Table 4 Association of HIV exposure and other factors with wasting* in 1-year olds, Entebbe municipality and Katabi sub-county, Uganda, 2003—2005

WLZ Difference in WLZ Wasting Odds for wasting
P value P value

Risk factor n Mean sb  Adjusted differencet 95% Cl (trend) n/N %  Unadjusted OR 95% Cl Adjusted ORt 95% Cl (trend)
HIV exposure

HIV-unexposed 1361 0-13 117 - - 52/1361 3-8 1-00 - 1-00 -

HIV-exposed 121 0-03 1-21 —0-04 —0-27, 0-19 0-741 5/121 41 1-09 0-43, 2-77 0-97 0-37, 2-52 0-947
Number of living children

One 409 0-15 1-12 - - 9/409 22 1-00 - 1-00 -

Two 263 —0-01 117 -0-19 —0-39, 0-01 0-132 11/263 4-2 1-94 0-79, 4-75 2-38 0-92, 6-:15 0-019

Three 167 0-16 1-25 —0-04 —-0-29, 0-21 8/167 4.8 2:24 0-85, 5-90 2:34 0-73, 7-50

Four or more 203 0-06 1-33 -0-25 —0-53, 0-03 17/203 84 4-06 1-78,9-28 6-26 1-92, 20-45
Mother’s income

>60000 101 0-66 1-26 - - 1/101 1-0 1-00 - 1-00 -

=60000 1341 0-08 1-16 —0-42 —0-68, —0-16 0-002 55/1341 4-0 4-28 0-59, 31-23 4-41 0-58, 33-57  0-074
Birth weight

Normal, =2-5kg 1382 0-15 1-18 - - 50/1382 3-6 1-00 - 1-00 -

Low, <2-5kg 88 —-0-32 1-09 —0-52 -0-78, —0-26 <0-001 6/88 6-8 1-95 0-81, 4-68 2:31 0-93, 5:71 0-097
Early weaningt

No 1122 0-17 1-18 - - 38/1122 34 1-00 - 1-00 -

Yes 349 -0-03 1-18 -0-16 —0-31, —0-01 0-032 19/349 54 1-64 0-93, 2-89 1-35 0-73, 2:50 0-352
Maternal CD4 cell count

>350 cells/mm?® 60 -0-02 1-15 - - 2/88 2:3

=350 cells/mm?® 21 0-06 1-31 0-00 —0-00, 0-00 0-154  0/21 0

WLZ, weight-for-length Z-score.

*Wasting: an acute weight loss indicated by a low weight-for-length (WLZ <—2).

tAdjusted differences and odds ratios estimated from multivariate linear and logistic regression models that included maternal age, maternal education, income, household socio-economic status, episodes of malaria and

HIV exposure.

tEarly weaning: introducing cow’s milk at or before the age of 6 weeks.
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that 28% of HIV-positive mothers had a CD4 count of
=350 cells/mm?®, representing a category of mothers who
qualify for antiretroviral therapy (ART) according to the
most recent recommendations®; low maternal CD4 cell
count increased the odds of both stunting and being
underweight (although weakly), but was not associated
with wasting.

It has been suggested that infections may be more
common among HIV-exposed uninfected children; if so,
such infections could contribute to poor growth®®, but
this was not the case in our study. The study clinic pro-
vided cotrimoxazole prophylaxis to all HIV-exposed
uninfected infants and this could have helped to diminish
infection risks. In multivariable models, following our
modelling strategy we chose to adjust for malaria epi-
sodes in infancy as it was strongly associated with growth
outcomes and hence may have improved the precision of
estimates from linear regression. It is also likely to be a
proxy for maternal malaria (which we considered likely to
be a confounder of the association between HIV exposure
and growth outcomes). Theoretically it is possible that
malaria in infancy could be on the causal pathway between
HIV exposure and growth outcomes, but this was not the
case in our study due to the provision of cotrimoxazole for
all HIV-exposed infants, so that HIV exposure was not in
fact associated with infant malaria. Therefore inclusion of
malaria episodes in infancy in the multivariable model had
little impact on the adjusted associations between HIV
exposure and growth outcomes.

Contrary to some of our study findings, researchers
in Europe® reported that exposure to maternal HIV
infection is not associated with child’s poor growth. This
difference could be due to the fact that in Europe the HIV-
infected population is more like the general population
and less socio-economically disadvantaged than that in
Uganda. This suggests that the associations that we and
researchers in Zambia®® have observed in HIV-exposed
but uninfected children may not be due to the infection
itself, but rather to concomitant social or behavioural
factors. It is also possible that the association we have
observed between HIV exposure and underweight is a
chance finding; this possibility is supported by the fact that
analysis of the corresponding continuous WHZ outcome
did not show an association with HIV exposure.

Uninfected children born to HIV-infected women are
exposed antenatally to ART and this might affect their
growth in early life. A study conducted in Thailand found
that, although neither the total duration of exposure to
zidovudine nor the duration of postnatal exposure was
associated with infant growth from 6 weeks to 18 months,
a longer in utero exposure to zidovudine had a negative
impact on birth weight®”. A study in Europe found a
minimal effect of combination ART on growth up to
18 months of age®®. Other findings in Europe showed that
ART exposure was not significantly associated with pre-

valence of congenital abnormalities or low birth weight*”.
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But ART exposure was associated with anaemia in infants,
with Hb levels reverting to normal by 3 months of age®”.
However, in our setting, single-dose nevirapine for mother
and child was standard of care at the time of the study and
prolonged exposure of the HIV-exposed but uninfected
infants to ART in infancy or in utero was rare.

Strengths of the study are its large sample size and
cohort design, meaning that data on exposures of interest
and potential confounders were collected prospectively.
Possible limitations of our study include the fact that the
mothers and infants included in the present analysis were
not representative of the study population, with children
of HIV-infected women being less likely to provide
growth data than children of HIV-uninfected women.
Moreover, since HAART regimens were not standard of
care during pregnancy in the study setting at the time, we
are unable to comment on the impact of triple HAART
regimens on infant growth.

On the other hand, in our study (as recommended in
this setting), HIV-exposed but uninfected infants routinely
received cotrimoxazole from 6 weeks to 18 months of
age: a folate antagonist which can cause anaemia and
might possibly interfere directly with growth. We found
that HIV-exposed uninfected babies were more anaemic
than HIV-unexposed, but the difference was not significant
(data not shown).

As regards determinants of stunting or underweight
other than HIV exposure, our results complement find-
ings of previous studies"'**® that being a male child is
associated with a higher risk of both stunting and
underweight. Other studies have also found that young
maternal age is a strong predictor for stunting and being
underweight®” although results are not consistent™?.
Low maternal education, low birth weight and early
weaning were associated with increased odds of stunting
and underweight in our study, consistent with findings of
earlier studies”?**". As expected, the odds of stunting
and being underweight increased significantly with the
number of malaria episodes in infancy. This is in agreement
with earlier reports that episodes of illness are associated
with appetite loss, vomiting and poor nutrient utilization,
which exacerbates malnutrition and perpetuates the
cycle®® . Number of living children was not associated with
stunting or underweight but significantly increased the odds
of wasting, consistent with the hypothesis that the oldest
child is likely to be the least malnourished and that sub-
sequent children are increasingly poorly provided for.

Conclusions

Maternal HIV infection was associated with being
underweight in HIV-uninfected infants in this population.
The underlying mechanism is not fully understood and
may be multifactorial. Additional independent predictors
of stunting or underweight in this population included
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young maternal age, low maternal education, low birth
weight and malaria in infancy. In addition to effective
interventions for prevention of mother-to-child HIV
transmission, children born to HIV-infected mothers also
require special care to ensure that their growth and
development are not impaired. Prevention and treatment
of undernutrition in children remain critical interventions
in settings with high HIV prevalence.
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