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Abstract
Background—Dyslipidemia is a common complication among HIV-infected children after
antiretroviral therapy (ART). However, HIV itself can cause abnormal lipid metabolism. There is
limited information of lipid profile among Asian HIV-infected children naïve to ART.

Methods—274 HIV-infected ART-naïve Thai and Cambodian children 1–12 years of age with
CD4 between 15–24% were included. Patients were fasted for ≥ 4 hours before blood was drawn.
Abnormal lipid level was defined as triglyceride (TG) > 130 mg/dL, total cholesterol (TC) > 200
mg/dL, low density lipoprotein (LDL) > 130 mg/dL, and high density lipoprotein (HDL) ≤ 40 mg/
dL.

Result—The mean (SD) was 76.6 (33.8) months for age and −1.3 (1.0) for weight Z-score. Mean
(SD) CD4% was 19.9 (4.8) % and HIV RNA was 4.6 (0.6) log10 copies/ml. The median (SD)
fasting time was 13.0 (2.7) hours. Mean (SD) for lipids were 116 mg/dl (62) for TG, 139 mg/dl
(29) for TC, 73 mg/dl (29) for LDL and 45 mg/dl (19) for HDL. Overall 63.9% had dyslipidemia
with hypertriglyceridemia and hypo HDL being the most common: 28% and 45% respectively,
while 2% had hypercholesterolemia or hyper-LDL. After adjusting for age, having HIV RNA > 5
log10 copies/ml was associated with hypo-HDL with odds ratios of 8.1 (95% CI 2.7–24.3).
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Conclusions—Up to two-third of ART-naïve, HIV-infected Asian children with mild to
moderate immune suppression had dyslipidemia. Low HDL was the most common and was
associated with high HIV viremia. The long term consequence of low HDL deserves further
investigation in children.
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Introduction
Lipid abnormalities have been reported in HIV infected children [1–4] and adults [5] before
and after initiation of antiretroviral therapy (ART). Data from PA CTG219C, a large cohort
of HIV-infected children receiving antiretroviral therapy from US and Puerto Rico, showed
that 13% of HIV-infected children had hypercholesterolemia comparing to 4.8% among
uninfected children.[4]. Lipids, lipoproteins, triglyceride (TG) clearance and cytokines are
altered in HIV-infected persons particularly in those with advanced HIV. Early during the
course of HIV infection, high density lipoprotein (HDL) levels decrease. As immune
function declines, a decrease in the low density lipoproteins (LDL) level occurs, which is
then followed by an increase in very low density lipoprotein (VLDL) particles and TG at the
time of the transition to AIDS[6, 7]. Results from a large cohort of HIV-infected adults
naïve to ART showed that patients who had AIDS-defining illness had high total cholesterol
(TC), VLDL and TG along with low HDL[5, 8]. Dyslipidemia is clearly associated with
cardiovascular risk in adults as shown in the US National Cholesterol Education Program III
treatment guidelines which noted higher risks of cardiovascular risk as lipid levels increase.
[9–11] Such risk might be even higher in children as they could be exposed to dyslipidemia
for longer periods of time[12–14].

Abnormalities in lipid profiles are well recognized toxicities in HIV-infected children on
ART[1–3]. TC, LDL, HDL and TG abnormalities tend to increase with longer exposure to
ART. The favorable lipid changes demonstrated by the increase in HDL level and decrease
in total cholesterol/HDL ratio are also demonstrated after ART initiation and associated with
increased CD4% and decreases in proinflammatory cytokines [15]. Studies reporting
abnormal lipid parameters in HIV-infected children are limited and the majority are among
Black, Hispanic and Caucasian children whose dietary intakes are different from Asian
children. [1–4] There are only few data from Asian children, especially those naïve to
ART[16].

The objective of this study was to describe the prevalence of lipid abnormalities among
ART naïve HIV infected Thai and Cambodian children. The secondary objective was to
assess relationships between lipid parameters and growth, immunological and virological
status.

Materials and Methods
This study used baseline data of children who enrolled in the Pediatric Randomized of Early
vs. Deferred Initiation in Cambodia and Thailand (PREDICT) study (clinicaltrials.gov
identification number NCT00234091) conducted at 7 hospitals in Thailand and 2 hospitals
in Cambodia. PREDICT is a randomized clinical trial to compare the immunological criteria
(CD4 < 15% vs. CD4 15–24%) for ART initiation in children. The inclusion criteria were
ART-naïve, HIV-infected children aged 1–12 years who had CD4 between 15 to 24%
without severe HIV symptoms or clinical AIDS. The study was approved by national and
local institutional review boards in Thailand and in Cambodia. All guardians gave consent.
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At the study visit, body weight and height were measured. Blood was drawn after at least 4
hours of fasting for laboratory testing including CD4%, HIV RNA, and lipid profiles
including TG, TC and HDL. CD4% was measured by dual platform flow cytometry. HIV
RNA was measured by using Roche Amplicor assay (Palo Alto, USA). TG, TC and HDL
were measured using standard techniques with an automated chemistry analyzer. LDL
values were calculated by the Friedwald equation as follows: LDL (mg/dL) = TC (mg/dL)-
HDL-C (mg/dL)-TG/5 (mg/dL). Proficiency Testing from Accutest was performed and the
results were reviewed by the US Safety Monitoring International Laboratory Evaluation
(SMILE). All laboratories passed the US National Institute of Allergy and Infectious
Diseases, Division of AIDS (DAIDS) assessment.

Due to limited data on normal lipid profile in Asian children, we used cutoff values
described in published manuscripts[1, 12, 13, 17, 18]. The cutoff levels for abnormallipids
were defined as follows: TG > 130 mg/dL, TC > 200 mg/dL, LDL > 130 mg/dL and HDL ≤
40 mg/dL.

Statistical methods
The lipid levels were described and the proportion of patients with dyslipidemia was
calculated. We assessed the relationship of gender, age, weight for age Z score (WAZ),
height for age Z score (HAZ), CD4 percentage and HIV RNA with dyslipidemia by using
logistic regression models, and factors with p<0.15 were adjusted for in multivariate models.
Data analysis was performed with Stata Version 11 (Statacorp, College Station, Tx).

Results
Between March 2006 to September 2008, 300 children were enrolled to the PREDICT
study. The data from 274 patients were used in this analysis, 25 children were excluded due
to fasting time less than 4 hours and 1 child withdrew from the study. The mean (SD) of
fasting time was 13.0 (2.7) hours. The characteristics of the children are shown in Table 1.
Most children had mild HIV symptoms. About one-third were underweight or stunted.
Overall, 63.9% had dyslipidemia (Figure 1) with the most common abnormalities being
hypo HDL (44.5%) and hypertriglyceridemia (28.3%). The proportion of children with
dyslipidemia within different groups was explored (data not shown). There were no
significant difference by gender, weight (≥ − 2 SD for WAZ), and CD4 percentage (CD4 <
20%).

However, more children with HIV RNA > 5 log10 copies/ml had hypo-HDL (22 in 26,
84.6%) compared to those with HIV RNA ≤ 5 log10 copies/ml (100 in 248, 41.3%), p <0.05.

The relationship between clinical characteristics and different dyslipidemias is shown in
Table 2. In a multivariate logistic regression model adjusting for age, having plasma HIV
RNA > 5 log10 copies/ml was associated with hypo-HDL with odds ratios of 8.1 (95% CI
2.7–24.3). No multivariate models for TG, TC or LDL-C were developed, however there
was a trend of higher triglyceride levels among children with WAZ score < −2 but this did
not reach statistical significance.

Discussion
Our data demonstrated that ART-naïve Asian children with mild to moderate
immunosuppression had a high prevalence of dyslipidemia with almost half having low
HDL and one-third having high TG. The long term follow-up for the change of lipid
parameters over time and the effect on cardiovascular risk should be further investigated.
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A pediatric study among 90 US children (P1010 study) reported that 30% had hypo-HDL.
The higher prevalence of hypo-HDL in our study may be explained by more
immunosuppression (mean CD4 19.9% versus 24.8%) and not exposed to ART (100%
versus 24.8%) [2]. Data from a severely immunodeficient cohort of Thai children with mean
CD4 6% showed that 94% of children had low HDL prior to initiating ART[16]. These data
lend support to the conjecture that more advanced HIV disease is associated with a higher
prevalence of hypo HDL.

In ART- naïve adult HIV patients, one study reported hypercholesterolemia in 12.4% and
hypertriglyceridemia in 19.4%[19]. Several studies in adults have shown that dyslipidemia
was observed in patients who had advanced HIV disease, low CD4 count, high HIV RNA
and longer duration of HIV infection[8, 19, 20]. Our study adds to this body of literature that
in children without advanced HIV disease, hypertriglyceridemia is common: about one-third
of children had triglyceride > 130 mg/dL. However, unlike adult patients, only 2.6% of
HIV-infected children had hypercholesterolemia. The limitation is using cut-off values
based on published literature due to lack of normative data of lipid profiles among Asian
children.

The cause of lipid abnormalities in HIV patients is not well understood. Large adult studies
have shown evidence for both HIV [10] and long term ART [9] to be associated with
dyslipidemia and cardiovascular risk. We found an association between low HDL and high
HIV RNA. There is an association between HIV viremia, low HDL and risk of
cardiovascular diseases[10]. In Thai adults, high HIV viremia correlated with high
proinflammatory markers that may promote cardiovascular events such as s-VCAM-1, P-
selectin, leptin and D-dimer, whereas mediators with anti-inflammatory properties such as
adiponectin and IL-10 were decreased. These relationships reversed after ART[21]. It has
been shown that after children received ART and have HIV RNA suppression, the HDL
level is significantly improved to normal levels [16] together with decreased total
cholesterol:HDL ratio and proinflammatory cytokines. [15] It is unknown if and how HDL
and HIV viremia affects children’s risk for developing cardiovascular events in the longer
term. The PREDICT study is ongoing and at the conclusion of the trial in 2011, the 3-year
longitudinal data will allow us to assess the change of lipid profile during no ART (deferred
arm) and after ART (immediate arm). It will be important to follow children to assess their
risk of early cardiovascular events in adulthood.
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Figure 1.
Proportion of dyslipidemias in 274 antiretroviral-naive Thai and Cambodian HIV infected
children with mild to moderate immunosuppression
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Table 1

Demographic characteristics of 274 antiretroviral naive HIV-infected children

Patient characteristics Values

Gender (M:F) 115:159

Mean age, months (SD) 76.6 (33.8)

Mean weight for age Z score (SD) −1.30 (1.04)

Mean height for age Z score (SD) −1.64 (1.33)

Ethnicity Thai: Cambodian 155:119

CDC Category N:A:B 5: 170: 99

Body Mass Index (kg/m2) 15.23 (1.68)

N (%) children who are underweight (< −2SD for WAZ) 72(26.3)

N (%) children who are stunted (< − 2SD for HAZ) 102(37.2)

N (%) children who are wasted (< − 2SD for WAH) 12(4.4)

Mean CD4 % (SD) 19.9 (4.8)

Mean Log10 copies/ml HIV RNA (SD) 4.6 (0.6)
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