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Abstract
OBJECTIVE—The objective of this study was to describe lipid profiles and glucose homeostasis
in HIV-positive children after initiating or changing antiretroviral therapy and their associations
with viral, immune, antiretroviral therapy, and growth factor parameters.

METHODS—Ninety-seven prepubertal HIV-positive children aged 1 month to <13 years were
observed for 48 weeks after beginning or changing antiretroviral therapy. Fasting lipid panels,
serum glucose, insulin, insulin-like growth factor-1 and binding proteins-1 and -3, plasma viral
load, and CD4% were measured. Each child was matched on age, gender, and race/ethnicity to
children from the National Health and Nutrition Examination Survey, used to give z scores for
each child’s lipid values. Multivariate regression was used to evaluate the association of changes
in z scores over 48 weeks with suppression of HIV-1 RNA, change in CD4% and growth factors,
and antiretroviral therapy, adjusted for entry z score, CD4%, log10 HIV-1 RNA, Centers for
Disease Control and Prevention category, and total fat and cholesterol dietary intake.

RESULTS—Lipid, apolipoprotein, and insulin levels all increased significantly by 48 weeks.
Multivariate analysis of changes demonstrated that increased HDL and decreased total-HDL
cholesterol ratio were associated with CD4% increase and with insulin-like growth factor-1, which
increased to normal (versus remained stable or became low) over 48 weeks. Total cholesterol
levels increased among children who achieved HIV-1 RNA of <400 copies per mL. Antiretroviral
therapy regimens that included both a protease inhibitor and a non–nucleoside reverse
transcriptase inhibitor were associated with greater increases in total-HDL cholesterol ratio than
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regimens that contained a protease inhibitor or a non–nucleoside reverse transcriptase inhibitor but
not both.

CONCLUSIONS—In these HIV-positive children with predominantly mild-to-moderate disease,
initiation or change in antiretroviral therapy was associated with significant increases in multiple
lipid measures and insulin resistance. Favorable lipid changes were associated with CD4%
increases, suggesting a protective effect of immune reconstitution on atherosclerosis, and with
increased insulin-like growth factor-1 levels, supporting the theory that reduced growth hormone
resistance may be a mechanism by which lipid profiles are improved. Finally, antiretroviral
therapy regimens that contain both a non–nucleoside reverse transcriptase inhibitor and a protease
inhibitor are associated with worse lipid profiles than regimens that contain 1 but not both of these
drug classes.

Keywords
children; cholesterol; glucose; HIV; insulin; insulin resistance; triglycerides; apolipoprotein; viral
load; immune reconstitution; insulin like growth factor-1; insulin like growth factor binding
protein

Hyperlipidemia and insulin resistance have been noted to occur in HIV-infected
individuals1,2 and are sometimes associated with an increase in abdominal fat and/or loss of
peripheral fat.3–5 These changes are seen more commonly in individuals who receive highly
active antiretroviral therapy (HAART)6–9 but may also occur before treatment.2,7
Individuals who experience these effects seem to be at increased risk for cardiovascular
disease,10,11 a particular concern to children who may face lifetime exposure to these
complications. Etiologies and interrelationships of these complications are poorly
understood. Evidence suggests that alterations in the growth hormone axis may contribute to
these metabolic abnormalities; in 1 study, for example, treatment with growth hormone
(GH)-releasing factor resulting in increased insulin-like growth factor-1 (IGF-1) levels
improved lipid profiles in HIV-infected individuals with central adiposity.12 An increased
understanding of risk factors and their relationships to adverse metabolic effects may lead to
better insight into the pathophysiology and potential preventive and/or treatment strategies
in childhood HIV infection.

Evidence from several studies of children suggests that hyperlipidemia, particularly
hypercholesterolemia, is relatively common in HIV-infected children who receive
antiretroviral therapy (ART);4,8,9,13,14 less evidence is available on insulin resistance in
pediatric patients. Metabolic abnormalities and fat redistribution are more likely to occur in
postpubertal children,4,8,15 especially those who are on protease inhibitor (PI) treatment.
4,8,16,17 Few studies reported exclusively on prepubertal children. The objectives of this
study were to evaluate (1) lipid profiles and glucose homeostasis in HIV-positive
prepubertal children on initiating or changing ART and (2) associations of lipid profiles and
glucose homeostasis with viral, immune, ART, and growth factor parameters. We
hypothesized that treatment-naive patients would have an increased prevalence of lipid
abnormalities compared with population-based norms and that both lipid abnormalities and
subclinical insulin resistance would increase in prevalence after initiating or changing ART,
particularly in children begun on PI therapy. We also hypothesized that lipid profiles and
insulin sensitivity would be less favorable in children with abnormalities in the GH axis as
measured by IGF-1 and its binding proteins.
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METHODS
Subjects and Design

Pediatric AIDS Clinical Trials Group Protocol 1010 (PACTG P1010) was a multisite,
prospective, 48-week observational study of HIV-infected, prepubertal children who were
aged 1 month to <13 years and were beginning or changing ART. ART criteria for inclusion
were (1) beginning any ART when treatment naive, (2) beginning PI-based ART when PI
naive, or (3) changing ART because of virologic failure to a regimen that included ≥2 new
drugs. Exclusion criteria were concurrent acute illness or fever; treatment within 180 days of
entry with corticosteroids, anabolic steroids, megestrol acetate, interleukin, interferon,
thalidomide, or GH; malignancy; pubertal development (Tanner stage > 1); and insulin-
dependent diabetes. Ethics committee approval was obtained from each participating
institution. Written informed consent from the parent or legal guardian and assent from the
child when appropriate were also obtained. Accrual began in June 2000 and continued until
March 2004.

Visits were at study entry (within 72 hours before ART initiation or change) and at 12, 24,
36, and 48 weeks thereafter. At each visit, the following evaluations were performed by
trained staff: interim history and physical examination including Tanner staging, plasma
viral load (VL; HIV-1 RNA polymerase chain reaction) and CD4+ T-lymphocyte count, and
3-day diet record (24-hour intake by recall if 3-day record not performed). Blood was drawn
for fasting lipid panels, insulin, glucose, and IGF-1 and insulin-like growth factor–binding
protein-1 (IGFBP-1) and -3. Insulin resistance was evaluated by calculating the homeostatic
model of insulin resistance (HOMA-IR), using the formula: [fasting plasma insulin (mIU/
mL) × fasting plasma glucose (mmol/L)]/22.5.18

Fasting cholesterol (total, LDL, HDL, and total-HDL cholesterol ratio) and triglyceride
measures from study weeks 0, 24, and 48 were compared with those from age-, gender-, and
race/ethnicity-matched control subjects from the National Health and Nutrition Examination
Survey 1999–2002 (NHANES IV).19 Z scores were derived from NHANES data by
selecting all available control subjects (of the same gender, race/ethnicity, and age [±3
months]) and then calculating the z score as (case patient’s value – mean of matched control
subjects)/(SD of matched control subjects). The median (range) number of control subjects
per case patient was 27 (7–54) for HDL and total cholesterol and 11 (3–23) for LDL
cholesterol and 11 (2–25) for triglycerides. Lipid values (LDL, HDL, and total cholesterol;
triglycerides; and the total-HDL cholesterol ratio) were log transformed before calculating z
scores because distributions of untransformed values were skewed to higher values.
NHANES data were limited in that (1) lipid values (HDL, LDL, and total cholesterol and
triglycerides) were measured beginning at 2 years of age, and insulin and glucose were not
measured in children who were younger than 12 years; and (2) apolipoprotein A1 and B z
scores were obtained from a publication using NHANES III data,20 rather than derived from
original data.

Laboratory Analyses
Serum was collected after overnight fasting for lipids (triglycerides and HDL, LDL, and
total cholesterol), apolipoproteins A1 and B, insulin, glucose, IGFBP-1, IGF-1, and
IGFBP-3. VL and CD4+ lymphocyte quantification were determined at each visit. Serum
was separated from clotted blood within 1 hour of collection and shipped overnight to Quest
Diagnostics (Baltimore, MD) on frozen cold packs. Routine chemistry analytes (lipid
profile, glucose, and insulin) were tested on specimen receipt. Specialty chemistry analytes
(apolipoproteins A1 and B, IGF-1, IGFBP-1, and IGFBP-3) were measured on ultrafrozen
serum at Quest Diagnostics Nichols Institute (San Juan Capistrano, CA).
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Total, HDL, and LDL cholesterol were each measured using routine Food and Drug
Administration–approved chemical methods. VLDL cholesterol was calculated using a
modified Friedewald formula where VLDL = triglycerides/5; LDL was calculated by
subtracting HDL and VLDL cholesterol from total cholesterol when triglycerides were <400
mg/dL; otherwise, it was measured directly using a routine Food and Drug Administration–
approved homogeneous immunoassay. Apolipoproteins were measured by turbidimetry,
glucose by spectrophotometry, IGFBP-1 and IGFBP-3 by radioimmunoassay, and insulin
and IGF-1 by chemiluminescence immunoassays. Laboratories with approved performance
in the National Institute of Allergy and Infectious Diseases Division of AIDS Virology and
Immunology Quality Assurance Programs conducted HIV-1 RNA and CD4+ cell
measurements.

Statistical Analyses
Abnormal fasting values were age and gender specific for apolipoproteins,20 triglycerides,
21 and IGF-1, IGFBP-1, and IGFBP-3.22 Other abnormal levels were defined as follows:
21,22 total, LDL, and HDL cholesterol ≥200 mg/dL, ≥130 mg/dL, and ≤35 mg/dL,
respectively; total-HDL cholesterol >4.0; glucose >100 mg/dL; insulin ≥15 µIU/mL for
Tanner stage 1 and ≥30 µIU/mL for Tanner stage 2 and beyond (ie, those who entered
puberty during follow-up; and HOMA-IR >3.16 µIU/mL per mmol/L.23

For each of these parameters, conditional logistic regression (taking account of the
matching) was used to evaluate the difference between the proportion of P1010 children and
the proportion of matched NHANES children with abnormal levels at study entry. Changes
in metabolic parameters between entry and week 48 among P1010 children were evaluated
using the paired t test to assess whether the mean change was different from 0. McNemar’s
test was used to evaluate changes over time in the proportion of P1010 children with an
abnormal value in each of these parameters.

For the z scores in fasting cholesterol (total, LDL, HDL, and total-HDL cholesterol ratio)
and triglyceride measures (calculated using the matched NHANES IV children) and z scores
for apolipoprotein A1 and B (based on published values), t tests were used to evaluate
whether the mean z scores at entry were different from 0. Linear regression was used to
evaluate bivariate associations of entry z scores and change in z scores over 48 weeks with
age (1 to <18 months, 18 months to <3 years, 3 to <8 years, and 8 to <13 years), gender,
race/ethnicity, previous therapy (ART naive, PI naive but ART exposed, and PI exposed),
Centers for Disease Control and Prevention (CDC) clinical category,24 and entry plasma VL
(<3, 3 to <5, and ≥5 log10 copies per mL), CD4% (<15%, 15% to <25%, and ≥25%) and
IGF-1, IGFBP-1, and IGFBP-3 category (normal versus less than [IGF-1 and IGFBP-3] or
greater than [IGFBP-1] normal). Linear regression was also used to evaluate associations of
changes in these z scores at 24 or 48 weeks with changes in CD4%, viral suppression (less
than versus more than 400 copies per mL), ART regimen during study follow-up (PI-based
versus non–nucleoside reverse transcriptase inhibitor [NNRTI]-based versus both), and
changes in IGF-1 and binding proteins.

Multivariate regression analysis was performed to evaluate the associations of entry fasting
cholesterol and triglyceride z scores with entry CDC clinical category, CD4%, log10 HIV-1
RNA and previous ART. The associations of changes in z scores with changes in CD4%,
log10 HIV-1 RNA, and type of ART taken during the study were simultaneously evaluated
in multivariate analyses adjusted for entry z score and CD4%, log10 HIV-1 RNA, and CDC
clinical category. Reported analyses were adjusted for lipid intake of P1010 participants
reported by caregivers at each visit, dichotomized per American Heart Association
guidelines25 as appropriately “heart healthy” or not for each of saturated fat, total fat, and
cholesterol; unadjusted analyses gave similar results. Mean dietary intake for each child
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across all visits was also calculated for each of these categories of fats as an indicator of
overall dietary heart healthiness.

Two sample t tests compared mean fasting cholesterol, triglyceride, and apolipoprotein A1
and B z scores at entry for children whose IGF-1 and IGFBP-3 level was below versus
above the age-related lower limit of normal22 and for those whose IGFBP-1 level was
below versus above the upper limit of normal22 as well as for mean z score changes for
children whose IGF-1 or IGFBP-3 level increased from below to above the lower limit of
normal or IGFBP-1 level decreased from above to below the upper limit of normal.

For metabolites that were not measured in NHANES (glucose, insulin, and calculated
HOMA-IR), actual concentrations of the metabolite were used rather than z scores in the
analysis. Otherwise, the methods as described were performed for these values in the same
manner.

RESULTS
Study Population

A total of 105 patients were recruited to achieve the desired sample size of 100, because 5
patients were found to be ineligible after study entry as a result of pubarche (n = 3),
disallowed medication (n = 1), or withdrawal of consent before initial data collection (n =
1). Three additional patients were excluded because the entry visit occurred subsequent to
the change in ART, resulting in a final sample size of 97 children. Six children withdrew
from the study before the 48-week visit. Demographic and clinical characteristics of the
study population, including viral and immune response and ART regimen on study, are
summarized in Table 1 and Table 2. The mean (SD) age at entry was 5.9 (3.6) years, mean
CD4% was 24.8 (12.5), and mean HIV-1 RNA level was 4.55 (0.89) log10 copies per mL,
corresponding to a geometric mean of 35 338 copies per mL. At study entry, 29% of
children were ART naive and an additional 24% were ART exposed but PI naive. At both 24
and 48 weeks, 54% to 55% of children had a VL of <400 copies per mL. Dietary intake data
were available for 82 children; mean total fat intake exceeded national recommendations for
only 2 (2%) of these children, but mean saturated fat intake exceeded recommendations
(<7% of caloric intake) in 81 (99%), or all but 1 child. Approximately one third (37%) of the
children had a mean cholesterol intake of ≥300 mg.

Metabolic Variables
Abnormalities at Study Entry—At study entry, the prevalence of abnormal values in
P1010 children was greater than that for control children for HDL cholesterol (21% vs 4%;
P < .001) and total-HDL cholesterol ratio (37% vs 17%; P < .001), but the differences in
prevalence of abnormal LDL and total cholesterol and triglycerides were not significant.
When comparing P1010 children who were ART naive to their matched NHANES children,
the differences were even greater: 30% vs 4% with abnormal HDL cholesterol (P < .001)
and 45% vs 15% with abnormal total-HDL cholesterol ratio (P = .002).

Metabolic Changes over Time—Mean fasting total, HDL, and LDL cholesterol and
apolipoprotein A1 and B levels all increased significantly during the 48 weeks of study
observation, whereas mean triglyceride levels increased significantly by 24 weeks of
treatment and then decreased slightly between weeks 24 and 48 (Table 3). There was no
change in the total-HDL cholesterol ratio at 48 weeks (P = .63). Fasting insulin and the
HOMA-IR also increased by 48 weeks of observation, but the change in fasting glucose was
not statistically significant (P = .062). In addition, at 48 weeks, the proportion of children
with abnormally high total cholesterol concentrations significantly increased, from 6% at
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entry to 21% (P = .001), and that with abnormally low HDL concentrations significantly
decreased from 31% at entry to 16% (P = .004). The proportion of children with abnormally
high total-HDL cholesterol ratio decreased slightly from 38% to 32%; this decrease was not
statistically significant (P = .13). Abnormal insulin resistance increased from 1% to 3% of
the study population, but this increase was not statistically significant (P = 1.00). Changes in
percentage of children with abnormal apolipoproteins approached statistical significance,
apolipoprotein A1 from 29% to 15% (P = .058) and B from 27% to 36% (P = .059).

Comparison of Lipids With Matched Children From NHANES—In comparing the
study population with the NHANES reference population (restricted to the 71 children who
were older than 2 years and had available laboratory data), the mean (SD) z scores for HDL
(−1.06 [1.22]; P < .001) and total (−0.60 [1.39]; P = .001) cholesterol were significantly <0
at entry, whereas the mean z scores for triglyceride (0.40 [1.36]; P = .017) and total-HDL
cholesterol ratio (0.62 [1.32]; P < .001) were significantly greater (Fig 1). Mean lipid z
scores did not differ significantly by age, gender. or race/ethnicity.

Multivariate Analysis at Study Entry—In bivariate analyses, HDL cholesterol z scores
at study entry were significantly lower in children with lower baseline CD4% (P < .001) or
higher baseline HIV-1 RNA (P = .004): mean HDL z scores were −2.05, −0.93, and −0.66
among children with CD4% of <15%, 15% to <25%, and ≥25%, respectively, and −0.55,
−1.06, and −1.65 among children with HIV-1 RNA levels of <103, 103 to <105, and ≥105

copies per mL, respectively. In multivariate analysis, however, the association with HIV-1
RNA was not significant (P = .26; Table 4), and the association with CD4% was only
marginally significant (P = .053), corresponding to an estimated lower mean z score of 0.28
for each 10% lower CD4% at baseline. No significant associations between other entry lipid
z scores and HIV-1 RNA or CD4% were found in bivariate or multivariate analyses. In
multivariate analysis of both total and LDL cholesterol, there were, however, significantly
lower mean z scores among children with CDC category C disease than among children
with less advanced disease.

There was a marginally significant difference at study entry in mean total cholesterol z score
but not of other lipid levels, according to type of previous antiretroviral therapy (P = .058),
reflecting higher levels in children with a history of PI exposure than in PI-naive or ART-
naive children (−0.27 vs −1.28 and −0.82). This corresponded to mean z scores that were
1.01 higher in PI-exposed children compared with PI-naive children. In multivariate
analysis, the difference according to type of previous therapy was significant (P = .039),
primarily reflecting a difference between PI-exposed and ART-naive children (adjusted
mean z score difference: 1.05). There were no significant associations found between insulin
or glucose concentrations or the calculated HOMA-IR value at entry and entry
characteristics found in Table 4.

Multivariate Analysis of Metabolic Changes—During the first 24 weeks after
initiating or changing therapy, there were significant increases in mean z scores for HDL
(0.38 [1.43]; P = .035), LDL (0.37 [1.34]; P = .030), and total cholesterol (0.68 [1.33]; P < .
001), as shown in Fig 1. The mean z score changes from entry were additional increased at
week 48 for HDL (0.60 [1.49]; P = .003) and total (0.75 [1.37]; P < .001) cholesterol but
were similar for LDL cholesterol (0.40 [1.80]; P = .084). Total-HDL cholesterol ratio and
tri-glyceride z scores did not change significantly (−0.07 [1.37; P = .71] and 0.23 [1.44; P = .
22] at 48 weeks, respectively). Mean apolipoprotein A1 and B z scores both increased at 24
weeks, apolipoprotein B significantly (0.59 [1.20]; P < .001). Apolipoprotein A1 continued
to increase until 48 weeks (0.69 [1.34] z score greater than at entry; P = .002), and B
declined slightly.
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In multivariate analysis that simultaneously adjusted z scores for changes in CD4%, HIV-1
RNA, and ART on study, mean increase in HDL and decrease in total-HDL cholesterol ratio
z scores were significantly associated with increases in CD4% at week 48 (0.67 HDL z
score change for each 10% increase in CD4% [P = .044] and −0.71 total-HDL cholesterol
ratio z score change[P = .023]; Table 5). There was a similar association of increase in LDL
cholesterol z score with increased CD4% at 24 weeks (24-week multivariate analysis not
shown), but by 48 weeks, this was no longer seen. There were no significant associations
with suppression of HIV-1 RNA to <400 copies per mL at week 24, but children who had
undetectable virus at week 48 had higher adjusted mean total cholesterol z score than
children with detectable virus (0.90, P = .047). Adjusted for magnitude of CD4% change
and suppression of HIV-1 RNA, ART including both a PI and an NNRTI versus an NNRTI
without a PI was associated with significantly greater increase in total-HDL cholesterol ratio
and triglyceride z scores at both weeks 24 and 48 (1.32 [P = .036] and 1.44 [P = .021],
respectively). Similarly, dual NNRTI-PI therapy resulted in greater increase in total-HDL
cholesterol ratio than did PI-based regimens without an NNRTI (1.39; P = .018). There were
no significant differences in lipid changes between therapies that included a PI versus those
that included an NNRTI. In multivariate analysis that simultaneously adjusted the
concentrations of metabolites that measure insulin resistance for changes in CD4%, HIV-1
RNA, and ART on study, there were no significant associations with changes in insulin or
glucose concentrations or the calculated HOMA-IR value with CD4%, VL changes, or ART
classes on study.

Effect of Diet—Adjustment for total reported fat and cholesterol intake did not
substantially change any noted associations, but children with cholesterol intake greater than
recommended had greater total cholesterol z score increases at 24 weeks and greater
increases in insulin and HOMA-IR at 48 weeks.

Metabolic Associations With IGF-1 and IGFBP-1—At entry, compared with children
who had normal IGF-1 levels, children with low levels had lower mean z scores for HDL
(−2.08 vs −0.56; P < .001) and total (−1.18 vs −0.32; P < .024) cholesterol and
apolipoprotein A1 (−1.44 vs −0.04; P < .0001) and greater mean z scores for total-HDL
cholesterol ratio (1.18 vs 0.33; P = .046; Table 6). Similarly, increases in both HDL
cholesterol (P = .005) and apolipoprotein A1 (P = .023) z scores and decreases in total-HDL
cholesterol ratio (P = .014) at 48 weeks were associated with increased IGF-1 from below to
greater than or equal the lower limit of age-adjusted normal values (Table 6). Higher
IGFBP-1 at entry was associated with lower triglyceride z scores (P = .048), insulin
concentration (P = .007), and HOMA-IR (P = .004; data not shown).

DISCUSSION
The novel findings of greatest clinical significance in this study are that favorable lipid
changes (increased HDL and decreased total-HDL cholesterol ratio z scores) are associated
with immune reconstitution and improved GH sensitivity in HIV-infected children who
begin or change ART regimens. There was also a trend toward higher HDL cholesterol z
score with higher CD4% cell counts at study entry, giving additional credence to the
association. In addition, a greater increase in apolipoprotein A1 z score was associated with
improved IGF-1 and a trend toward the same with improved CD4%, emphasizing the
favorable change in lipid profiles with greater GH sensitivity and immune reconstitution. It
is important to note that despite the mean increases in LDL and total cholesterol experienced
by these children, the HDL also increased such that there was not a worsening of the
cardiovascular risk as measured by total-HDL cholesterol ratio. Accordingly, we were
unable to prove our hypothesis that abnormalities in lipid profiles would increase in
prevalence in these children. The decrease in HDL abnormalities paralleled the increase in
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abnormal total cholesterol levels and resulted in a statistically insignificant decrease in the
percentage of children with an abnormal total-HDL cholesterol ratio. The hypothesis that
treatment-naive patients would have an increased prevalence of lipid abnormalities at entry
compared with population-based norms, however, was true, but we were surprised to find
that the difference was related to abnormally low HDL cholesterol in the infected children
and consequently higher total-HDL cholesterol ratios.

Increases in HDL cholesterol have been described in ART-treated children,26 a finding that
we confirmed. We did not, however, find an association of increased total cholesterol with
improvements in CD4% counts reported recently in both HAART-treated children9 and
adult women.27 Rather, our findings are similar to those from a study in HIV-infected adults
in which greater HDL cholesterol was associated with higher CD4+ cell counts.28 We did
find a relationship between immune reconstitution and LDL cholesterol only during the first
24 weeks of the study, an association that has been seen in adults.28 It is not clear what
biological differences in children would cause a net favorable change in lipid profile with
improvements in CD4% not previously noted in adults.

In multivariate analysis, the total cholesterol concentration at baseline in our population was
associated with a history of PI use, suggesting a deleterious effect of PI therapy that has
been described in multiple previous studies.2,7,28–31 Moreover, we noted that dual
NNRTI-PI–based therapy during the study resulted in greater total-HDL cholesterol ratio
increases than NNRTI- or than PI-based therapy, suggesting a potential synergistic effect.
Greater triglyceride increase was also seen in our study with combined NNRTI and PI
therapy, whereas PI therapy without NNRTI use was associated only with greater
triglyceride increase at 24 weeks. Greater changes in triglycerides with ART regimens that
contain both an NNRTI and a PI compared with regimens that contain just 1 but not both of
these drug classes have been previously described.32

Viral suppression was related in multivariate analysis to greater increases in total
cholesterol, concurring with the previous report in children of an association between
hypercholesterolemia and an undetectable VL.8 Taken together with the finding that the
total cholesterol at entry was actually below that of matched population-based control
subjects, perhaps viral replication itself interferes with cholesterol metabolism. There is
increasing evidence for this concept from in vitro studies. Of particular interest is the recent
report that intracellular lipid metabolism is dysregulated in HIV-infected macro-phages.33 It
may be that viral suppression unmasks the effect of increased cholesterol related to drug
therapy, or it may be a marker for improved adherence and therefore greater ART exposure.

There was a statistically significant increase in insulin and insulin resistance as measured by
HOMA-IR in the children our study and a change in fasting blood glucose that approached
statistical significance. Unfortunately, there are not available comparison values from
NHANES to measure whether these changes were greater than might be expected in the
general population. Although there was not a statistically significant change in the number
of children with frankly abnormal values (and thus our hypothesis was not confirmed), the
mean (SD) increase of HOMA-IR at 48 weeks by 0.48 (1.14 µIU/mL per mmol/L) and the
increase in the prevalence of abnormal glucose tolerance as defined by HOMA-IR >3.16
from 1% at entry to 8% at 48 weeks suggest that development of glucose intolerance even in
prepubertal children may be of concern and needs additional investigation. We did not
identify risk factors for increased insulin resistance with any of the variables in our
multivariate analysis, other than cholesterol intake. Previous reports are contradictory
regarding whether insulin sensitivity is altered with PI therapy in this age group.30,31 We
previously reported that children in this study did not increase their BMI or percentage of
body fat z scores,34 suggesting that greater adiposity is unlikely to account for the increase
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in insulin and HOMA-IR that was seen. The greater increase in insulin resistance associated
with excessive cholesterol consumption in this study may suggest that the development of
insulin resistance could be prevented, in part, by a heart-healthy diet.

We previously reported that IGF-1 increased over time in a greater number of children in
P1010 than would be expected by chance and that these increases were associated with
improvements in muscle mass.34,35 This analysis further notes that greater HDL cholesterol
and apolipoprotein A1 and lower total-HDL cholesterol ratio concentrations, both at entry
and over time, were associated with normal IGF-1 concentrations, confirming our
hypothesis. These findings suggest that GH sensitivity is likely related to improved lipid
profiles as well as improved anabolism. The improved lipid metabolism that was seen in
lipodystrophic HIV-infected adults who were treated with physiologic GH replacement
supports the link between GH resistance (or deficiency) and dyslipidemias. 36

This study had several limitations. It is likely the HIV-infected children in our study differed
from the overall US population represented in NHANES data in ways for which we could
not adjust, such as socioeconomic status, parental health, etc. Furthermore, measures of
insulin resistance were not obtained in NHANES, so we had no comparison group for these
analytes. Apolipoprotein z values from NHANES were obtained from a publication, rather
than derived directly from the data. NHANES itself is a cross-sectional data set and not ideal
for comparison of longitudinal data. Longitudinal reference data would allow for calculation
of z scores for changes in lipids, etc. We did not have a comparison group of HIV-infected
children who were not beginning or changing therapy, so clearly the associations noted are
not necessarily causally related and may be different in children who are on long-term
therapy. The children in our study also began diverse ART regimens, limiting the power to
detect changes that may be associated with specific ART agents or classes. Because therapy
on study was not independent of therapy before the study, some caution must be taken when
noting associations with the combination of ART classes taken during follow-up. We also
cannot be certain that changes that are associated with normalization of IGF-1 are
specifically attributable to improved GH sensitivity, although GH insensitivity has been
previously demonstrated in HIV-infected children.37 Associations do not demonstrate
causality; furthermore, there could be other causes of increased IGF-1, such as an increase in
GH secretion. Although we have focused on specific hypotheses concerning the associations
between lipid profiles and insulin resistance and improvements in immune status, viral
suppression, and ART classes, there remains a risk for inflated type I error rate as a result of
multiple comparisons. The major strengths of the study include a sample size larger than
most prospective studies of children that have evaluated metabolic changes in this
population, evaluation before and after ART initiation or change, and measured indices of
the GH axis in addition to those of insulin resistance and lipids.

CONCLUSIONS
In this population of HIV-infected children with predominantly mild-to-moderate disease,
initiation or change in ART was associated with significant increases in multiple lipid
measures as well as insulin resistance. The total-HDL cholesterol ratio did not change,
however, suggesting that there may not be a substantial increase in overall cardiovascular
risk. Increased HDL and decreased total-HDL cholesterol ratio are associated with increases
in CD4%, suggesting an actual protective effect on risk for atherosclerosis with immune
reconstitution specifically. Improvements in HDL and total-HDL cholesterol ratio and
apolipoprotein A1 levels also related to increased IGF-1 levels, supporting the theory that
reduced GH resistance may be a mechanism by which lipid profiles are improved. Finally,
of particular clinical significance, dual NNRTI-PI therapy was associated with worse lipid
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changes when compared with regimens that contained either but not both of these ART
classes.

What’s Known on This Subject

Hyperlipidemia, particularly hypercholesterolemia, is common in HIV-infected
individuals, including children. It occurs more frequently in postpubertal children.
Recently, increased HDL cholesterol has also been reported in children. In adults,
increased cholesterol levels have been associated with improved CD4% cell counts.

What This Study Adds

Although lipid levels increased, cardiovascular risk as measured by total-HDL
cholesterol ratio did not worsen over time in prepubertal children who were beginning or
changing antiretroviral therapy. Improved lipid profiles were associated with immune
reconstitution and improvements in IGF-1.
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FIGURE 1.
Mean metabolic z scores at study weeks 0, 24, and 48 in the P1010 study population.
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TABLE 1

Demographic Characteristics of PACTG 1010 Study Population

Characteristic No. of
Children

%of
Childrena

Ageb

   1 mo to<18 mo 9 9.3

   18 mo to <3 y 15 15.5

   3 y to <8 y 33 34.0

   8 y to <13 y 40 41.2

Gender

   Male 45 46.4

   Female 52 53.6

Race/ethnicity

   White, non-Hispanic 11 11.3

   Black, non-Hispanic 59 60.8

   Hispanic 26 26.8

   Other/unknown 1 1.0

CDC clinical stageb

   A, N 47 48.4

   B 32 33.0

   C 18 18.6

Previous therapyb

   ART naive 28 28.9

   PI naive, ART exposed 23 23.7

   PI exposed 46 47.4

ART regimen on study

   NRTI 4 4.0

   NRTI/NNRTI 18 18.6

   NRTI/NNRTI/PI 19 19.6

   NRTI/PI 55 56.7

   NRTI/NNRTI/FI 1 1.0

NRTI indicates nucleoside reverse transcriptase inhibitor; FI, fusion inhibitor (T20).

a
Percentage is of children with known status; percentages may not add to 100 because of rounding.

b
At study entry.
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TABLE 2

Clinical Characteristics of PACTG 1010 Study Population

Characteristic No. of Children % of Childrena

Entry 48 wk Entry 48 wk

CD4%

   0 to <15 17 8 18.9 9.1

   15 to <25 29 14 32.2 15.9

   ≥25 44 66 48.9 75.0

   Missing 7 9

HIV-1 RNA copies per mL

   <400 2 46 2.2 54.1

   400 to <10 000 22 12 23.7 14.1

   10 000 to <30 000 15 11 16.1 12.9

   30 000 to <100 000 26 10 28.0 11.8

   ≥100 000 28 6 30.1 7.1

   Missing 4 12

a
Percentage is of children with known status; percentages may not add to 100 because of rounding.
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