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Abstract

Objective—To compare growth and body composition of uninfected children exposed to HIV
with a contemporary HIV-unexposed group and to US references.

Study design—Uninfected children exposed to HIV under 2 years were enrolled into a
longitudinal observational study and unexposed children under 2 years in a cross-sectional
evaluation. Weights, lengths, head circumferences, skinfold thicknesses, and arm and thigh
circumferences were measured and adjusted for age using CDC and NHANES standards.
Uninfected children exposed to HIV were compared with an unexposed nearest-neighbor matched
comparison group. Uninfected children exposed to HIV were compared by age to CDC standards
for growth measures and NHANES standards for body composition.

Results—One hundred eleven uninfected children exposed to HIV and 82 children not exposed
to HIV were evaluated. For the matched comparison for both groups, the mean age was 10
months, 59% were male, and 73% were Black. No statistical differences were found in
anthropometric measurements between uninfected children who were or were not exposed to HIV.
Uninfected children exposed to HIV were smaller than US standards at birth with mean (SD)
weight-for-age (WAZ) and weight-for-length (WLZ) of —0.39(1.06); P=0.002 and —0.35(1.04);
P=0.005, respectively. Over the first 2-years of life, there was a trend toward increasing WAZ,
length-forage (LAZ), and WLZ in uninfected children exposed to HIV. Subscapular and triceps
skinfolds among uninfected children exposed to HIV were lower than national standards and there
was a trend that mid-upper arm circumference (MAC) decreased over time.

Conclusions—Growth and body composition of uninfected children who were or were not
exposed to HIV were similar. Uninfected children exposed to HIV are lighter at birth and show a
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pattern of slightly accelerated growth in the first 2 years. Uninfected children exposed to HIV had
less subcutaneous fat and decreasing MAC over time when compared with US standards.
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Effective preventive strategies during pregnancy have reduced the risk of mother-to-child
transmission (MTCT) of the human immunodeficiency virus (HIV) in the United States to
approximately 1 to 2% [1]. Preventive MTCT recommendations [2] include antiretroviral
(ARV) therapy for all pregnant women with HIV regardless of CD4 lymphocyte count or
viral load. Recommended ARV regimens include the use of two nucleoside reverse
transcriptase inhibitors (NRTI), zidovudine (ZDV) and lamivudine being the preferred
agents, in combination with a non-nucleoside reverse transcriptase inhibitor (NNRTI) or a
protease inhibitor (PI) [2].

Exposures to HIV and ARVs in utero are postulated to have adverse associations on infant
development [3]. NRTIs cross the placenta and inhibit DNA polymerase, potentially
interfering with fetal mitochondrial DNA (mtDNA) synthesis, resulting in short- and long-
term mitochondrial depletion and/or dysfunction in some studies [3], although other studies
have not demonstrated these effects [4—6]. Mitochondrial dysfunction is linked to growth
abnormalities in other childhood disorders. The extent to which this is true in uninfected
children exposed to HIV is not well-defined.

Pre- and postnatal growth can also be influenced by socioeconomic (SES) and lifestyle
factors. Uninfected children exposed to HIV are often born to women of lower SES [7] with
a greater prevalence of smoking and illicit drug use [7]. Few studies have compared
uninfected children exposed to HIV with a socioeconomically similar group of infants.
Although studies have shown little to no differences in growth among uninfected children
exposed to HIV and the general population [4, 8, 9], these studies have not evaluated body
composition, nor compared growth parameters to a socio-demographically similar group of
children.

The objective of this study was to compare anthropometric outcomes of uninfected children
exposed to HIV to an age, race, and sex-matched group of non-exposed infants from a
similar geographical region. We compared serial growth and anthropometric trajectories of
uninfected children exposed to HIV with US standards.

METHODS

Uninfected children exposed to HIV under 2 years of age were sequentially enrolled into a
single-site and observational study on growth and body composition at the University of
Miami HIV Screening Program between June 2006 and December 2009. Study visits
followed the HIV screening protocol [10] where uninfected children exposed to HIV were
evaluated at approximately 2 and 6 weeks and 4, 12, 18 and 24 months of age. However,
there was some deviation in this proposed schedule due to individual variation in adhering to
recommended timing of clinical visits. Laboratory protocol included serial virological
testing with HIVV-1 DNA polymerase chain reaction (PCR) assays during the first six months
of life, and immunologic assays using enzyme-linked immunosorbent assays (ELISAS) and
Western blot assay to confirm reactive screening test results after one year of age. Children
were determined to be uninfected if they were HIV antibody-negative on two separate
determinations after twelve months of age and HIV virus or antigen was never detected.
Children with HIV were excluded from the analysis.
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The HIV-unexposed group was a convenience sample of children, age birth to 2 years with
similar demographic and SES characteristics. They were recruited from either an urban
general pediatric outpatient practice at the University of Miami or from 5 local urban day-
care centers in Miami-Dade County. Recruitment letters were sent to the parents explaining
the study procedures and requesting their attendance for consenting process. This group was
not known to be infected or exposed to HIV because there are well established and
mandated screening programs in Miami-Dade County.

Children with known congenital, chromosomal, or metabolic anomalies were excluded from
the study. The Human Subjects Research Office at the University of Miami approved the
research protocol, and informed consent from the parent or legal guardian was obtained. For
the uninfected children exposed to HIV, all data were collected during nutrition assessments
as part of routine clinical care during the previously defined screening time points. Clinical
data included birth weight, length, and gestational age. HIVV-1 DNA PCR and ELISA results
were collected to identify HIV infection status. Maternal information collected at enrollment
included sociodemographic information, pre-pregnancy weight and height, and ARV
prophylaxis during pregnancy. Maternal CD4 lymphocyte count nearest to delivery was
abstracted from the newborn hospital discharge note. For the HIV-unexposed group,
demographic data, including date of birth, race and ethnicity, was collected through parent
or guardian interview. No clinical data or neonatal characteristics were available for this

group.

Weight, recumbent length and head circumference were measured by standardized
procedures [11]. Weight-for-age (WAZ), length-for-age (LAZ), weight-for-length (WLZ),
and head circumference-for-age (HCZ) z-scores were generated according to Centers for
Disease Control (CDC) standards [12]. Regional body measurements including mid-upper
arm circumference (MAC), mid-thigh circumference (MTC), and skinfold thickness (SFT)
were measured according to standardized procedures [11]. Triceps, biceps, subscapular and
mid-thigh SFT were measured using Lange caliper (Cambridge Scientific, Cambridge, MD).
All measurements, except SFT, were taken to the nearest 0.1 centimeter. SFT were taken to
the nearest 0.1 millimeter. Body measurements were taken on the right side of the body.
Triplicate measurements for all body measurements were taken and the mean was recorded.
Triceps and MAC measurements were used to derive arm muscle circumference (AMC)
[13]. Similarly, mid-thigh SFT and MTC measurements were used to derive thigh muscle
circumference [14]. Z-scores for MAC, and triceps and subscapular SFT were generated [11,
15]. Weight, length, and head circumference z-scores for only uninfected premature infants
exposed to HIV (less than 37 weeks gestation) were adjusted for prematurity and calculated
using population-appropriate updated growth chart for prematurity [16]. Information
regarding prematurity was not available for the infants not exposed to HIV. All regional
body measurements (circumferences and skinfolds) were performed by one trained dietician
(DN).

Statistical Analyses

The primary statistical methodology consisted of a comparison between the uninfected
children exposed to HIV to a within study HIV-unexposed matched comparison group.
Matches were determined individually for each unexposed case by choosing an uninfected
children exposed to HIV that was closest to an unexposed individual (i.e., nearest-neighbor)
over the multivariate space as defined by the matching variables. Euclidean distance was the
metric chosen to quantify similarity. The HIV-unexposed comparison group, who were
initially selected from the same socioeconomic demographic, were chosen so that the two
groups had the same race/sex proportions with near identical age distributions. Of the 111
original uninfected children exposed to HIV, 82 matches were possible. When the dependent
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measure of interest was continuous, the two groups were compared using Student t-test.
Fisher exact test was used when the dependent variable was dichotomous.

Uninfected children exposed to HIV were also compared with CDC growth charts for
classical growth measures and to NHANES for body composition. Data were transformed to
normative z-scores and plotted against age. Individual differences were described using
spaghetti plots and the overall trend was modeled using a smoothed cubic spline. Statistical
tests were generated to compare the difference between the subject’s observed z-score and
the expected z-score of zero. This was accomplished using an unconditional mixed model as
generally described by Singer and Willet [17]. This methodology accounted for subject-to-
subject variation in both frequency and spacing of observations. Prior to analysis, the data
were centered around the overall age mean and a single sample random intercept model was
constructed in which the intercept and slope terms were used to test for changes in
displacement around the zero reference line and trend, respectively. The parameters and
variances were estimated using reduced estimate maximum likelihood (REML) assuming an
unstructured variance-covariance structure. Although second order (i.e., quadratic) models
were attempted, in most cases, the data were to sparse and ill conditioned and the solutions
failed to converge. Given the observational nature of the study, results of statistical testing
are given as exact P values and reflect the probability of the observed effect or one greater
given the observed error structure of the data. Statistical calculations and graphics were
generated with SAS (9.2) and SAS/JMP (9.0) statistical software (Cary, NC).

One hundred eleven uninfected children exposed to HIV and 82 children not exposed to
HIV were enrolled in this study. A total of 264 anthropometric measurements were recorded
between 2 weeks and 29.3 months of age. The number of visits ranged from 1 to 5 with a
median of 3 visits. The earliest visits occurred at approximately 2 weeks of age with a high
density of visits at approximately 12.5 to 15 months (Table I). The unexposed children had
one evaluation each.

Maternal and neonatal characteristics of the uninfected children exposed to HIV are
presented in Table Il. The average age of the mothers at the time of delivery was 28.6 years
and 99% of the women were of a minority race or ethnicity. Fifty-six percent of women
were overweight (BMI between 25.0 and 29.9 kg/m?) or obese (BMI = 30.0 kg/m?) before
pregnancy. Maternal CD4 cell counts close to delivery were available for 75 women. Of
these, 8 (11%) had CD4 cell count below 200. Ninety-six percent of women received ART
during pregnancy. Of these, ART was initiated before pregnancy in 25% of pregnant
women, during the first trimester in 6%, during the second trimester in 50%, and during the
third trimester in 8%. Time of initiation of treatment was not available for 7% of the sample.
All infants received ZDV for 6 weeks after birth. Fourteen percent of the uninfected children
exposed to HIV were premature. After correcting for prematurity, uninfected children
exposed to HIV tended to be smaller than US standards at birth with a mean (SD) WAZ and
WLZ of -0.39 (1.06); P=0.002 and —-0.35 (1.04); P=0.005, respectively. Maternal age at
delivery, maternal pre-pregnancy BMI and maternal CD4 cell count were not correlated with
birth WAZ, LAZ and WLZ (data not shown).

Table 111 shows a comparison of 82 uninfected children exposed to HIV with 82 children not
exposed to HIV, matched by sex, race and age. The average age was 10.4 months for
uninfected children exposed to HIV and 10.13 months for children not exposed to HIV; 59%
were males and 73% were African American (for both groups). There were no statistically
significant differences in any of the anthropometric measures. Weight, length and head
circumference z-scores of premature uninfected children exposed to HIV were adjusted for
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age. When prematurity was not adjusted for in the uninfected children exposed to HIV (data
not shown), we still did not find significant statistical differences in growth between the
groups.

The Figure (available at www.jepds.com) shows WAZ, LAZ, WLZ, HCZ, triceps,
subscapular SFT, and MACDby age in the uninfected children exposed to HIV. The fit of the
smoothed cubic spline (blue line) and a zero reference line (red) are given as well as
spaghetti plots that identify subject-specific measurements (ie, trajectories). For WAZ, LAZ,
WLZ, and HCZ, all four dependent effects showed small but statistically significant (all
P<0.003) increasing trends over time (blue line), despite large individual differences
between subjects. Much of the trend was a result of change from negative z-scores shortly
after birth to positive z-scores at approximately 4 months of age. For triceps and subscapular
SFT, no discernable trend was detected (all P>0.175). However, the trajectories of both
SFTs demonstrated an overall displacement below the zero reference line (all P<0.006). This
can be most easily seen from the spaghetti plots as the majority of the trajectories occur
below the zero reference line with no apparent increasing or decreasing trend. The
trajectories of MAC tended to be centered around the zero reference line (P=0.80) with a
small decreasing trend (P=0.023).

DISCUSSION

We evaluated the differences in growth and body composition between uninfected children
exposed to HIV and a group of demographically-matched children who were not exposed to
HIV. We did not find statistical differences in classical and regional growth measures
between the two groups in a cross-sectional analysis. We also compared our uninfected
children exposed to HIV with US growth standards and found that although WTZ and WLZ
were below standards at birth, growth increased with time, yet was within national norms.
Skinfolds were stable over time, but were significantly lower than national standards and
MAC showed a decreasing trend.

Our compared postnatal growth and body composition of uninfected children exposed to
HIV with a contemporary demographically and socioeconomically matched control group in
the US. Ross found no difference in growth between 88 uninfected children exposed to HIV
and 174 demographically and socioeconomically matched healthy controls from birth to 3
years of age in the United Kingdom [18]. The Pediatric AIDS Clinical Trials Group
(PACTG) Protocol 219/076 compared growth of uninfected children exposed to HIV
receiving ZDV or placebo, and they did not observe differences between the groups [4]. A
large prospective European study investigating growth patterns of uninfected children
exposed to HIV and those infected with HIV in the first 10 years of life that were compared
with general British standards, reported no substantial differences between the uninfected
children exposed to HIV and the reference group [8]. The European Collaborative Study
[19] concluded that there was no association between ZDV monotherapy exposure and
growth in uninfected children exposed to HIV up to 18 months of age. Jacobson et al [20]
found similar total fat percentage assessed by dual x-ray absorptiometry between uninfected
children exposed to HIVV and NHANES ages 8-11 years, but did find lower body fat in the
uninfected children exposed to HIV ages 12-15 years, especially males. Siberry studied the
effects of in utero exposure to tenofovir compared with other combination regimens without
tenofovir in uninfected infants exposed to HIV and found significantly lower mean LAZ and
lower HCZ at age one year but not at birth for those exposed to tenofovir [9]. Nielsen-Saines
found an association between higher viral load and shorter length at 3, 6, and 18 months of
age among uninfected African children exposed to HIV [21].
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We compared classical growth measures with US standards and found that uninfected
children exposed to HIV had lower birth WAZ and birth WLZ. Lower birth weight has been
associated with ARV exposure [18, 22], although contradictory results have been published
[9, 23, 24]. Over the first two years of life, the uninfected children exposed to HIV showed a
trend towards increasing WAZ, LAZ, HCZ, and WLZ but all of these measures were within
the US norms after birth. These findings of lower but normal birth weights and subsequent
trends toward accelerated growth for this population of uninfected children exposed to HIV
suggest that lifestyle factors may influence growth more than HIV and ARVs. We were
unable to determine if these trends persist given our short follow up. In HIV-unexposed
populations, infants typically cross centiles in early infancy as their size at birth is often
determined by maternal characteristics, yet post-natal growth is, in part, dictated by genetic
predisposition [25]. Feeding patterns are also established during the post-natal period and
can influence growth. For this socially disadvantaged population, poverty and food
insecurity may contribute to rapid weight gain and risk for childhood obesity, as has been
described elsewhere [26]. Food insecurity is prevalent in the US, and it is interlinked with
HIV [26]. Jacobson showed higher prevalence of obesity in uninfected children exposed to
HIV when compared with children with HIV and BMI z-scores of uninfected children
exposed to HIV were higher than the general population [20].

In a separate analysis using longitudinal data, we compared body composition measures of
uninfected children exposed to HIV with national standards. Subcutaneous fat as measured
by subscapular and triceps SFT among uninfected children exposed to HIV were slightly,
but significantly, lower than NHANES standards, and there was a trend that mid-upper arm
circumference decreased over time. Our finding of lower subcutaneous fat in our cohort of
uninfected children exposed to HIV is similar to that observed in patients with HIV who
have received only NRTIs with concomitant lactic acidemia [27]. NRTI exposure is
associated with altered fat distribution including peripheral lipoatrophy in a number of adult
studies [27], and there is only limited information on the same effects in children [28].
Although uninfected children exposed to HIV rarely exhibit clinically apparent
mitochondrial toxicity it is possible that our findings of lower subcutaneous fat could be
mediated, in part, through mitochondrial changes induced by HIV or ART exposures.
Patterns of abnormal fat distribution related to HIV infection vary from peripheral fat
wasting alone or in combination with central fat accumulation [29]. These effects are of
clinical importance as fetal and early postnatal, and childhood [30] periods are critical
windows in the development of adipose depots.

Our two analyses may be perceived as demonstrating conflicting results. However, the
results shed light on potential important factors that should be considered when evaluating
growth and body composition of uninfected children exposed to HIV. Observed differences
in the longitudinal analyses may result from the fact that NHANES and CDC standards are
generated from a general and heterogeneous population which most likely differs on a
number of key variables, including important socioeconomic covariates. Controlling for
these factors, indirectly through recruitment of a socioeconomically similar cohort of
infants, appeared to negate differences found between uninfected children exposed to HIV
and national standards.

Our report augments the literature on growth in this expanding, yet under studied, uninfected
children exposed to HIV. Our study has some limitations. The assessment of body
composition may be more accurately measured through dual-energy X-ray absorptiometry
than through anthropometry. However, the effects of inter-examiner variability were
minimized because one dietician performed all measurements in a standard fashion. Due to
the various phases in the HIV screening process, infants were not recruited at the same age.
It would be a preferred design to enroll all children at a similar age. The cross-sectional
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study design prevented a comparison of changes in growth and body composition in the
uninfected children exposed to HIV to the contemporary HIV-unexposed group. We also did
not control for psychosocial or lifestyle factors that are known to affect growth. However,
we enrolled the HIVV-unexposed group with similar socio-demographics from Miami-Dade
County with similar access to healthcare and income level. Finally, we did not have access
to the neonatal characteristics of the HIV-unexposed group and could not adjust for these
covariates in the analyses.

Clinicians and investigators who care for and study this expanding population of children
exposed to HIV should be careful not to attribute changes in growth and body composition
to HIV-specific factors without first carefully evaluating non-HIV covariates. Longitudinal
studies with greater follow-up and with appropriate comparison groups are needed to
understand the effects of prenatal exposures to HIV and ARV on growth and body
composition throughout childhood and adolescence.
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Growth and body composition z-scores by age. (A) Weight. (B) Length. (C) Weight-for-
length. (D) Head Circumference. (E) Triceps skinfold. (F) Subscapular skinfold. (G) Mid-

upper arm circumference. Raw data (left) with zero z-score reference line (red) and

smoothed spline fit (blue). Subject linked spaghetti plots (right).
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Table 2

Maternal and Neonatal Characteristics of the cohort exposed to HIV (n=111)

Mater nal Characteristics

Age at delivery, years (SD) 28.6 + 6.04
Race, n (%)
Non-Hispanic, black 90 (81%)
Hispanic 19 (17%)
Non-Hispanic, white 2 (2%)

Pre-pregnancy BMI, kg/m? (n=94), n (%)

<185 1(1%)
18.5-24.9 37 (39%)
25-29.9 30 (32%)
30-449 23 (25%)
245 3 (3%)
CD4 cell count nearest to delivery, cells/mm3 (n=75), n (%)
> 350 44 (59%)
200-349 23 (30%)
<200 8 (11%)
Neonatal Char acteristics
Preterm birth (<37 weeks gestation), n (%) 15 (14%)
Gestational age (n=108), n (%)
< 34 weeks 4 (4%)
34 — 37 weeks 11 (10%)
>37 93 (86%)
Birth Anthropometrics, mean (SD)
Birth weight kg (n=110)4 3.09 (0.64)
Birth weight z-score * -0.39 (1.06)
Birth length cm (n=89)% 49.13 (2.93)
Birth length z-score -0.028 (1.07)
Weight/length z-score 7 (n=74)¢ -0.35(1.04)

*
Significant different from zero P=0.0002.

Significant different from zero P=0.005.

fDoes not include premature infants.

Note:
aBirth weight information was missing for 1 infant.
bBirth length was missing for 22 infants.

cBirth weight/length z-scores could not be generated for 36 infants due to the following: missing length (22), prematurity (11), and lack of
reference data to generate weight/length for full term infants with length < 44 cm at birth (4).
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Table 3

Comparison of Anthropometry by HIV Exposure

Variable, mean (SD)

Uninfected HIV exposed n=82

HIV Unexposed n=82 P-value

Age, months
Male, n (%)
Black, n (%)
Weight, kg
Weight z-score
Length, cm
Length z-score
Weight/Length z-score
Head circumference, cm
Head circumference z-score
Mid-upper arm circumference, cm
Mid-upper arm circumference z-score
Mid-upper arm muscle circumference, cm
Biceps skinfold, mm
Triceps skinfold, mm
Triceps skinfold z-score
Subscapular skinfold, mm
Subscapular skinfold z-score
Mid-thigh circumference, cm
Mid-thigh skinfold, mm

Mid-thigh muscle circumference, cm

10.04 (6.8)
48 (59%)
60 (73%)

8.71 (3.04)

0.08 (1.12)

70.47 (11.54)
0.11 (0.93)
0.34 (0.94)

43.88 (4.69)

0.18 (0.97)

14.92 (2.32)

0.02 (0.80)

12.07 (2.08)

5.96 (1.99)

9.18 (2.81)

-0.07 (0.70)

7.10 (3.23)

0.01 (1.15)

24,54 (4.92)

16.63 (5.66)

19.38 (4.06)

10.13 (6.9)
48 (59%)
60 (73%)

8.61 (2.98)

-0.14 (1.06)
70.55 (11.53)
-0.01 (1.23)
0.11 (1.52)
44.11 (4.69)

0.23 (1.03)

14,57 (2.07)

-0.09 (0.48)

11.87 (1.74)

5.70 (2.12)

8.57 (2.69)

-0.15 (0.63)

6.48 (2.01)

-0.21 (0.51)

23.91 (4.97)

16.64 (6.11)

18.75 (4.10)

0.94
0.99
0.99
0.83
0.22
0.97
0.50
0.23
0.75
0.75
0.31
0.34
0.52
0.42
0.17
0.47
0.17
0.17
0.42
0.99
0.33

Note: When the non-z score measures were adjusted by age, sex, and race there was no difference in the means and P-values.
T-tests for independent samples were conducted to compare uninfected children exposed to HIV and controls.

Weight, length, and head circumference z-scores were adjusted for prematurity for only uninfected children exposed to HIV. Unadjusted

comparisons produced similar results.
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