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Abstract

Background: Poor growth and metabolic disturbances remain concerns for children living with
HIV (CLHIV). We describe the impact of viral load (VL) on growth and lipid outcomes in

South African CLHIV <12 years initiating World Health Organization recommended first-line
antiretroviral therapy (ART) from 2012 to 2015.

Methods: Zscores for length-for-age (LAZ), weight-for-age (WAZ) and body mass index-
for-age were calculated. Lipids (total cholesterol, low-density lipoprotein and high-density
lipoprotein) were measured. Hemo-globin A1C =5.8 was defined as at risk for type 2 diabetes.
Mixed effects models were used to assess the association of VL at ART initiation with Zscores
and lipids over time.

Results: Of 241 CLHIV, 151 (63%) were <3 years initiating LPV/r-based ART and 90 (37%)
were >3 years initiating EFV-based ART. Among CLHIV <3 years, higher VL at ART initiation
was associated with lower mean LAZ (3: -0.30, A=0.03), WAZ (13: —0.32, £=0.01) and low-density
lipoprotein (B: —6.45, £=0.03) over time. Among CLHIV =3, a log 10 increase in pretreatment VL
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was associated with lower mean LAZ (3: -0.29, A=0.07) trending towards significance and lower
WAZ (B: —0.32, P=0.05) as well as with more rapid increases in LAZ (3: 0.14 per year, P=0.01)
and WAZ (13: 0.19 per year, P=0.04). Thirty percent of CLHIV were at risk for type 2 diabetes at
ART initiation.

Conclusions: CLHIV initiating ART <3 years exhibited positive gains in growth and lipids,
though high viremia at ART initiation was associated with persistently low growth and lipids,
underscoring the need for early diagnosis and rapid treatment initiation. Future studies assessing
the long-term cardiometabolic impact of these findings are warranted.
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Antiretroviral therapy (ART) has extended survival of children living with HIV (CLHIV).
However, disturbances in growth and metabolism are prevalent and pose a threat to
long-term cardiometabolic health. Metabolic complications, including dyslipidemia,’-2 fat
redistribution3-2 and insulin resistance®’ have been extensively documented and may be
the result of complex interactions between HIV, ART, age, race, socio-economics, diet and
lifestyle.8

Suboptimal growth during childhood, including failure to thrive, wasting and stunting, is
associated with greater risk for morbidity and mortality.? Among CLHIV, failure to attain
normal rates of growth is an independent risk factor for death.1? Suboptimal growth, such as
stunting, has implications for long-term health and has been associated with adverse effects
on cognitive functioning and decreased work capacity.1? The positive impact of ART on
growth, particularly weight gain, is well established for CLHIV.12-21 Furthermore, younger
age at ART initiation is associated with better growth trajectories.15:18.22

North American and European studies of CLHIV receiving ART have found high
prevalence of unfavorable alterations in lipid and glucose metabolism, well-established
risk factors for cardio-vascular disease,23-30 with significant proportions having elevated
total cholesterol (TC) and low-density lipoprotein (LDL), and abnormal glucose and
insulin homeostasis.23:28:31 Several studies from sub-Saharan Africa demonstrate similar
findings.23-27 Since low total and LDL cholesterol in ART-naive CLHIV is common,
elevations after ART initiation may reflect an initial return to healthy metabolism. However,
few studies have assessed longitudinal changes in lipids or examined anthropometric
outcomes in children under 3 years of age. Hence, we report changes in growth and lipids
among CLHIV after initiation of ART regimens for up to 2 years of follow-up. We also
describe the association between pretreatment viral load (VL) on growth and metabolic
outcomes in a cohort of South African children 0 to 12 years of age.

METHODS

Study Population and Setting

“Enhanced Surveillance and 2 Year Outcomes of Children Enrolled on ART in Public
Health Facilities in the Eastern Cape Province, South Africa” was a prospective cohort
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study of CLHIV conducted between 2012 and 2015, to examine clinical, immunologic,
virologic, metabolic, psychosocial and behavioral outcomes. Ethical and administrative
reviews were received from the Columbia University Medical Center Institutional Review
Board, University of Cape Town Human Research Ethics Committee, CDC Center for
Global Health Associate Director for Science Office, East London Hospital Complex
Research Ethics Committee, Walter Sisulu University Health Research Ethics Committee
and Eastern Cape Department of Health.

The study enrolled 397 CLHIV at the time of ART-eligibility at 5 health care facilities

who were followed for 12 to 24 months. Participants ages 1 month to 12 years who were
eligible for ART based on the South African Pediatric HIV guidelines, had documented HIV
infection, had no prior history of ART (other than prophylaxis for prevention of mother-to-
child transmission) were included. Trained study nurses conducted anthropometric measures
and obtained additional study-specific blood samples at enrollment and at visits 6, 12 and

24 months during study follow-up. Children attended quarterly study visits coscheduled with
routine care. Children who missed study visits were tracked through phone calls and home
visits.

During the study period, first-line ART recommended in the South African National
Consolidated Guidelines for children <3 years of age was a protease inhibitor-based regimen
(abacavir [ABC] + lamivudine [3TC] + lopinavir/ritonavir [LPV/r]), and for children =3
years, a nonnucleoside reverse transcriptase inhibitor-based regimen (ABC+3TC+efavirenz).
Children who started ART at <3 years on ABC+3TC+LPV/r were maintained on the same
regimen as they aged.

This analysis was restricted to measures taken prior to 12th birthday to avoid confounding
by puberty which is known to affect metabolic outcomes.2°

Primary Outcomes

The primary outcomes included anthropometric measures (length-for-age Zscore [LAZ],
weight-for-age Zscore [WAZ], and body mass index Zscore [BMIZ], and lipids [TC,
LDL and high-density lipoprotein-C (HDL)]). Outcomes were assessed as continuous
variables and evaluated over time and as an annual rate of change. Anthropometrics and
lipids (TC, LDL, HDL) were measured at enroliment 6, 12 and 24 months. Zscores

were calculated using the LMS method (Lambda for the skew, Mu for the median, and
Sigma for the generalized coefficient of variation) with World Health Organization (WHO)
standards.39 Recumbent lengths were measured for children under age 2 years and standing
heights were measured for children age 2 years and older. At each visit the nurses took

3 measurements for each body part. The LAZ for children under age 2 years and HAZ

for children age 2 years and older were calculated using WHO references and have been
described as LAZ throughout this manuscript. Because weight-for-length WHO standards
only are available for children under age 5 years, we used BMI z-scores whose reference
standards are available across all ages. Lipids were not evaluated using Zscores due to

the absence of standard pediatric references. In addition, growth and lipids were evaluated
as dichotomous outcomes where underweight was defined as WAZ <-2, stunting as LAZ
<-2, hypercholesterolemia as TC >95th percentile, low HDL as HDL <5th percentile and
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high LDL as >95th percentile using US standards available for children age 4 years and
older.36-38 |n addition, risk for type 2 diabetes (T2D) as measured by hemoglobin A1C
(A1C) among children over age 4 years was examined as a dichotomous variable; CLHIV
with a baseline A1C >5.8 were categorized as being at risk for T2D.3! The analysis of A1C
was restricted to this age group due to lack of norms or standards for use of A1C in children
under age 4 years. The “pretreatment” timepoint for all primary outcomes was defined as the
first date of measurement within 160 days prior to and 7 days following ART initiation. All
laboratory testing was performed by the National Health laboratories at Livingstone, Dora
Nginza Frere and Cecilia Makiwane Hospitals.

Primary Exposure of Interest

Covariates

Pretreatment VL (Cobas 6800/8800, Roche) was measured from plasma obtained from
venous blood specimens 160 days prior to ART initiation and up to 7 days following ART
initiation and was log-transformed to approximate a normal distribution.

Age, sex, caregiver, and socioeconomic status were collected through caregiver interviews.
A continuous household wealth index variable was calculated as a linear composite of 3
measures (tap water, toilet and electricity within the home) normalized by means and SDs.
Those with a higher household wealth index had more household assets. Skinfold ratios
were calculated by dividing the sum of subscapular and side periumbilical skinfolds by the
sum of biceps and triceps skinfolds to include a measure of baseline body fat distribution as
a covariate.

Statistical Analysis

RESULTS

CLHIV initiating LPV/r-based ART at less than age 3 years (CLHIV <3) were analyzed
separately from CLHIV initiating efavirenz-based ART at = age 3 years (CLHIV =3).
Longitudinal trends of primary outcomes over time were assessed using locally weighted
smoothing (LOESS) plots. Average annual rates of change since ART initiation were
calculated using univariate mixed effects models for each anthropometric and lipid outcome.
Multivariate mixed effects linear regression models were fitted using an unstructured
covariance matrix to assess the association of pretreatment VL with the average rate of
change in each anthropometric measure and lipid subfraction when controlling for age,

sex, caregiver, wealth index, BMIZ and skinfold ratio. We introduced an interaction term
between VL and time to test for differences in the rate of change of each anthropometric and
lipid outcome as a function of VL. Logistic regression models with generalized estimating
equations were used to assess factors associated with frank T2D at enrollment, including age
at ART initiation, sex, baseline log VL, caregiver, wealth index, BMIZ and skinfold ratio.
All statistical analyses were performed in R version 3.6.3.

After excluding visits occurring after the 12th birthday (which resulted in exclusion of 13
patients), 88 children who did not have at least 6 months of follow-up after ART initiation,
13 who had irregular (per guidelines) or missing ART regimen data and 42 missing a
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pre-ART VL, a total of 241 CLHIV were included in the analysis: 151 CLHIV <3 and

90 CLHIV =3 years.(see Figure, Supplemental Digital Content 1; http://links.lww.com/INF/
E466 and table, Supplemental Digital Content 2; http://links.lww.com/INF/E467) At
enrollment, younger CLHIV <3 and older CLHIV =3 had a median age at ART initiation
of 10 months and 8 years, log VL of 6.1 and 5.2, and CD4 percentage of 19% and 15%,
respectively. Among CLHIV <3, 95% had a biological mother who was still alive, 14%
were born preterm, and 80% had been breast-fed. Among CLHIV =3, 76% had a biological
mother who was still alive, 10% were born preterm and 69% had been breast-fed. There
were no differences in enroliment characteristics between CLHIV who were excluded (due
to lack of follow-up for at least 6 months) and those who were included in the analytic
sample for longitudinal analysis.

Anthropometric Outcomes

At enrollment, CLHIV <3 had median LAZ, WAZ, and BMIZ of -2.6, 1.6 and -0.3,
respectively, while CLHIV =3 had median LAZ, WAZ, and BMIZ of -1.7, -1.3 and 0.2,
respectively (Table 1). Sixty-three percent of CLHIV <3 and 38% of CLHIV =3 were
stunted (LAZ <-2) at ART initiation, while 45% of CLHIV <3 and 34% of CLHIV =3 were
underweight (WAZ <-2). LOESS plots of Zscores indicate an incremental increase across
all Zscores over time in the younger CLHIV <3. Among the older CLHIV =3, incremental
increases in only WAZ were observed over time (Figure 1). On average, the rate of increase
was 0.20 (95% confidence interval [CI]: 0.01-0.39), 0.65 (95% CI: 0.47-0.82) and 0.85 SD
per year (95% CI: 0.58-1.1) for LAZ, WAZ and BMIZ, respectively, among children <3
years. CLHIV >3 had a positive WAZ growth rate of 0.23 SD per year (95% ClI: 0.04-0.42)
but no significant changes over time in LAZ (95% CI: -0.05 to 0.17) or BMIZ (95% CI:
-0.19 t0 0.27).

Among CLHIV <3, a log 10 increase in pretreatment VL was associated with persistently
lower means over time in LAZ (R: —0.30, £=0.03) and WAZ (3: —0.32, £=0.01) but was not
significantly associated with a difference in slopes for any of the outcomes after adjusting
for age at ART initiation, sex, caregiver status, and wealth index (Table 2). Among CLHIV
>3, a log 10 increase in pretreatment VL was associated with lower mean LAZ (3: —0.29,
P=0.07) trending towards significance and lower WAZ (3: —0.32, P=0.05) as well as with
more rapid increases in LAZ (3: 0.14 per year, P=0.01) and WAZ (B: 0.19 per year, P=0.04).
No associations were found between pretreatment VL and BMIZ among CLHIV.

Lipid Outcomes

At enrollment, CLHIV <3 had median TC, LDL and HDL of 119, 60 and 24 mg/dL,
respectively (Table 1). CLHIV =3 had median TC, LDL and HDL of 116, 69 and 29 mg/dL,
respectively. Lipid outcomes were assessed for a subsample of children based on available
limits: TC and HDL for children = age 4 years and LDL for children = age 5 years. Among
children = age 4 years, 4% had hypercholesterolemia and 64% had low HDL, while 5% of
children > age 5 years had elevated LDL. LOESS plots indicate increases across all lipids
over time (Figure 1). Mean change in TC, LDL and HDL was +12.9 (95% Cl: 7.8-18.4),
+10.1 (95% CI: 6.0-14.2) and +7.2 mg/dL per year (95% CI: 5.4-8.9), respectively, among
CLHIV <3. Among CLHIV =3, mean change in HDL was +5.6 mg/dL (95% ClI: 3.1-8.0)
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per year while there were no significant changes over time in TC (95% CI: -0.8 to 11.4) or
LDL (95% CI: -0.9 to 6.2).

Among CLHIV <3, higher VL at ART initiation was associated with persistently lower
mean differences over time in TC (8: —6.17, £=0.07) trending towards significance and LDL
(B: —6.45, P=0.03), even after adjustment. No associations were found between VL and
lipids among older CLHIV =3. Models including an interaction term between log HIV VL
and time when it was significant (P<0.05), did not reveal significant associations between
VL and slope changes in any of the outcomes after adjustment (Table 2).

Diabetes Risk Outcomes

A1C was analyzed among a subgroup of 79 CLHIV = age 4 years of age. Overall, at
enrollment, 30% of children = age 4 years were at risk for T2D. After 24 months of

ART treatment, 19% of children = age 4 years of age were at risk for T2D (Table 1).
Multivariable models did not reveal any significant factors associated with a risk for frank
T2D at enrollment (data not shown).

DISCUSSION

Despite a high prevalence of stunting and underweight at enrollment, we found gains over
time after ART initiation in WAZ, LAZ and BMIZ among CLHIV <3 and for WAZ in
CLHIV =3 in this observational cohort of South African CLHIV. In addition, for both age
cohorts, higher VL at ART initiation was associated with persistently lower LAZ and WAZ
over time. Alterations in growth are among the most prevalent comorbidities associated with
HIV infection during childhood.32-34 The high rates of stunting and underweight which we
observed in CLHIV before ART initiation are consistent with other studies in sub-Saharan
Africa, which report similar high rates of stunting (73%) and underweight (50%) before
ART initiation, and after 5 years on ART (20% of CLHIV remained stunted), with height
improving over a longer time horizon than weight.3®> A West African study of CLHIV who
were stunted at baseline also found that the median time to crossing over from a Zscore
<-2to a Zscore >—2 was longer for LAZ (17.7 months) than for WAZ (11.7 months)

and that children less than age 5 years were more likely to experience catch-up growth
compared with older children.38 Our findings that statural growth lagged compared with
ponderal growth and that younger children achieved better growth overall are in keeping
with previous studies in which children without HIV had irreversible stunting if not reversed
prior to age 2.3 In addition, we found that high VL at ART initiation was associated with
persistently poor growth for height and weight. This finding is consistent with other recent
studies which observed significant associations between viremia (but not CD4) and height
velocity38 and points to the potentially central role of HIV replication in poor growth.39:40

In our study, TC, LDL and HDL increased over time in CLHIV <3. Among CLHIV =3, TC
and LDL remained stable and HDL increased over time. The prevalence of dyslipidemia in
children/adolescents with HIV has been reported to be between 11% and 73%, depending
on specific study definitions of dyslipidemia, sample size, and study locations.28:41-46 The
NEVEREST study, a randomized trial comparing maintenance on LPV/r-based ART or
switch to NVP-based ART in CLHIV who initiated ART before age 2 years, reported
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overall rates of 14% elevated TC and 12% elevated LDL.23 A study of CLHIV age greater
than 6 years in Nigeria reported dyslipidemia in 12% compared with 5% in an uninfected
comparison group.*” Increased rates of low HDL have also been reported in both ART-naive
and experienced CLHIV compared with NHANES standards.28 Indeed, 64% of the CLHIV
>4 years in our study had low HDL at ART initiation and 20% had low HDL after 24
months of treatment. These rates are consistent with a cross-sectional study among CLHIV
in Uganda and Zimbabwe 3 years after ART initiation which revealed that 55.1% had
abnormally low HDL .48

Hypercholesterolemia was found in only 4% (before ART) versus 2% (after 24 months)
among the CLHIV >4 years in our cohort. The lower rates of high TC and LDL may be
explained in part by the fact that our CLHIV were younger and had more severe HIV
disease, including higher viremia at ART initiation, which we observed to be an independent
predictor of persistently low LDL and TC over time in CLHIV <3. Other studies have
demonstrated that severe HIV disease is associated with lower levels of TC and LDL.28:45
One study reported CDC HIV infection class C to be associated with low TC and low LDL
after adjusting for confounders,2® while another reported CD4% <15% to be protective
against hypercholesterolemia.4> Severely immunocompromised individuals may exhibit
overall poor cholesterol synthesis prior to initiating ART. Ongoing viremia (HIV RNA level
>400 copies/mL) has also been reported to be protective against hypercholesterolemia.44°
Taken together, our results are consistent with other studies which have observed lower
lipid levels in severe or uncontrolled HIV disease prior to ART initiation due to dampened
metabolism, and an initial increase in these lipids after ART is initiated and HIV disease is
controlled, reflecting a return to metabolic homeostasis.

Wide ranges (6.5%-52%) of insulin resistance (IR) prevalence rates are documented in
CLHIV4950 The US Pediatric HIV/AIDS Cohort Study observed 15% IR in a population

of children/adolescents with perinatally acquired HIV receiving a heterogeneous background
of ART.?L Impaired glucose tolerance, diagnosed by oral glucose tolerance testing was
found in 6.7%. A French study of 130 CLHIV on ART found no T2D or impaired fasting
glucose in those who underwent oral glucose tolerance testing, with only one child having
impaired glucose tolerance.>2 Another small study compared HIV-uninfected controls with
children/adolescents with HIV and found higher fasting insulin and glucose in HIV-infected
children.?0 Other studies in South Africa of older children/adolescents with HIV have
reported high rates of IR by the Homeostatic Model Assessment of Insulin Resistance
(10%—24%).26.27 Differences in sample size, ART regimen, ethnicity/race and techniques
for measuring IR likely explain the wide variability in rates of IR. While IR and T2D are not
equivalent, IR is strongly associated with risk for the development of T2D. Few studies have
evaluated A1C in CLHIV from resource-constrained settings, making it difficult to interpret
the high baseline prevalence of risk for frank T2D (A1C =5.8) in our cohort. However, the
Pediatric HIV/AIDS Cohort Study study observed that of youth with perinatally acquired
HIV with IR, 7% also had an A1C >6%.°1 Because A1C testing has not been fully

validated in young children, our results should be interpreted with caution, but CLHIV

with perinatally acquired HIV may benefit from T2D monitoring later in young adulthood.
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A log 10 increase in pretreatment VL was associated with persistently lower growth and
lipids over time among CLHIV <3. Efforts to initiate ART as early as possible in infancy
after diagnosis of HIV infection have greatly expanded in the last decade. Nonetheless,
CLHIV with high levels of viremia at ART initiation may require additional monitoring

and potential interventions for growth. Suboptimal growth in childhood has implications
for long-term health and has been associated with impaired cognitive development, (64)
reduced educational achievement, poor pregnancy and birth outcomes (for females) and
decreased work capacity.1! Given the far-reaching potential consequences of stunting,
multiple interventions may be advisable. Recent studies have shown that improved infant
and young child feeding has reduced the prevalence of stunting among HIV-exposed
children. (64) The increases in lipids over 24 months after ART initiation among CLHIV <3
which we observed may reflect an overall slow return to normal metabolic functioning after
ART initiation. Further research is needed to understand the impact of this trend in lipids on
the long-term cardiometabolic health of CLHIV.

A strength of our study was the inclusion of infants and very young children, and the
representative nature of the study population; we recruited all ART-naive children initiating
treatment at participating health facilities reflecting children initiating ART in high burden
settings. Also, our cohort received WHO-recommended ART regimens which makes the
findings highly relevant as other countries adopt these guidelines. The study was limited by
the lack of an HIV-uninfected comparison group. Furthermore, we could not evaluate the
effects of differing ART regimens on our outcomes, and we were not able to control for birth
anthropometrics or breastfeeding duration.

In conclusion, CLHIV initiating ART <3 years exhibit positive gains in growth and

lipids after ART initiation. However, high viremia at ART initiation is associated with
persistently lower growth and as a result, early infant diagnosis and ART initiation is

critical for optimizing growth trajectories in young CLHIV. Short-term gains in lipids
among these children may reflect overall normalization of lipid metabolism in those with
severe HIV disease, but the long-term impact especially on cardiovascular outcomes of lipid
increases associated with lifelong ART in this population warrants attention and continued
monitoring.
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Z scores among Children 3-11 Years Old at ART Initiation

Months since ART

BMIZ ==+ WAZ =~ LAZ

Lipids among Children 3-11 Years Old at ART Initiation
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LOESS plots of longitudinal changes in growth and lipids after ART initiation among South
African children living with HIV initiating ART, PESS Study (N=241).

ART=antiretroviral therapy, BMIZ=Body Mass Index Z-score, HDL=high density
lipoprotein, LAZ=Length-for-age Z-score, LDL=Ilow density lipoprotein, TC=total

cholesterol, WAZ=Weight-for-age Z-score
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