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Abstract
Objectives: The purpose of this study is to
determine the extent  and severity of abnorm-
alities of glucose homeostasis, serum lipids
and abdominal adipose tissue distribution in
PI-treated and PI-naïve HIV-infected children.
Methods: Study patients were recruited from
consenting PI-treated and PI-naïve HIV-infected
children 3-18 years of age. Metabolic evaluation
included measurement of fasting serum total
(T), HDL and LDL cholesterol (C), triglycerides
(TG), glucose, insulin, proinsulin and C-peptide
as well as a single slice abdominal CT scan.
Insulin resistance (IR) was estimated using
the homeostatic model assessment-insulin
resistance (HOMA-IR). Insulin sensitivity (IS)
was determined using a frequent sampling
intravenous glucose tolerance test for a subset
of PI-treated children.
Results: 30 PI-treated and 20 PI-naïve subjects
were included. The mean age, viral load and
CD4 count were 8.6 years, 14,602 copies/ml
and 1004 cells/L for PI-treated and 9.2 years,
18,274 copies/ml and 723 cells/L for PI-naïve
subjects. PI-treated children had received PIs
for a mean duration of 22.6 months (range 8-
46). Fasting serum TC, LDLC and TG but not
glucose, insulin, proinsulin or C-peptide levels
were significantly higher in PI-treated than PI-
naïve children. HDLC was similar in the 2 groups.
The mean TC, LDLC and TG in PI-treated and PI-
naïve children were 5.13 mmol/L (range 3.37-
10.78), 3.26 mmol/L (range 1.59-8.30) and
1.83 mmol/L (range 0.67-6.84) and 4.02
mmol/L (range 2.81-5.41), 2.48 mmol/L (range
1.38-4.02) and 0.98 mmol/L (range 0.41-2.41),
respectively. HOMA-IR and visceral to
subcutaneous adipose tissue (V/SC) ratio were
similar in the 2 groups. Reduced IS (IS index
<0.5x104[pmol/L]1min1) was demonstrated
in 29% (7/24) of PI-treated children (mean
1.16, range 0.04-4.7). IS correlated negatively
with age (p = 0.0048) and V/SC ratio
(p = 0.0043), but did not correlate with duration
of PI therapy, d4T exposure, viral load or CD4
count.
Conclusions: In HIV-infected children, PI therapy
is associated with elevated levels of TC, LDLC
and TG but not with IR or visceral adipose tissue
accumulation. In PI-treated children IS is closely
associated with age and visceral adiposity but
not with duration of PI therapy or d4T exposure.

Conclusions
In HIV-infected children, PI therapy is
associated with hypercholesterolemia and
hypertriglyceridemia, but not with insulin
resistance or visceral adipose tissue
accumulation

In HIV-infected children, clinical and
immunological HIV categories, viral load,
CD4 count and d4T exposure are not
significantly associated with serum lipids,
glucose homeostasis or abdominal adipose
tissue distribution

In PI-treated HIV-infected children, insulin
sensitivity is associated (inversely) with
age and visceral to subcutaneous adipose
tissue ratio, but not with duration of PI
therapy, d4T exposure, viral load or CD4
count

In HIV-infected children, serum insulin,
HOMA-IR and visceral to subcutaneous
adipose tissue ratio are primarily affected
by normal physiological changes that occur
during childhood, not by HIV disease status,
PI therapy or d4T therapy

Acknowledgments
The Canadian HIV Trials Network provided the funding for
Dr. Ari Bitnun’s Clinical Associateship

Funding for this study was obtained in part from (1) The Positive
Action Fund, GlaxoSmithKline in partnership with Shire BioMed,
Ministry of Health, Ontario and (2) Agouron Pharmaceuticals

References
1. Pacini G, Bergman RN. MINMOD: a computer program to
calculate insulin sensitivity and pancreatic responsivity from
the frequently sampled intravenous glucose tolerance test.
Computer Methods  Programs Biomed 1986;23:113-22.

2. Centers for Disease Control and Prevention. 1994 revised
classification system for human immunodeficiency virus infection
in children less than 13 years of age. Morb Mortal Week Rep
1994;43(No. RR-12):1-10.

3. Travers SH, Jeffers BW, Bloch CA, Hill JO, Eckel RH. Gender
and tanner stage differences in body composition and insulin
sensitivity in early pubertal children. J Clin Endocrinol Metab
1995;80:172-8.

4. Gower BA, Nagy TR, Goran MI. Visceral fat, insulin sensitivity,
and lipids in prepubertal children. Diabetes 1999;48:1515-21.
Oppenheimer E, Linder B, DiMartino-Nardi J. Decreased insulin
sensitivity in prepubertal girls with premature adrenarche and
acanthosis nigricans. J Clin Endocrinol Metab 1995;80:614-8.

5.  Oppenheimer E, Linder B, DiMartino-Nardi J. Decreased insulin
sensitivity in prepubertal girls with premature adrenarche and
acanthosis nigricans. J Clin Endocrinol Metab 1995;80:614-8.

Background
• There is a paucity of data pertaining to the HIV-associated 

lipodystrophy syndrome in children

• In children, the presence and severity of HIV-associated 
metabolic abnormalities may differ from those of adults
because of physiological differences between children and
adults
◆ Prepubertal children are more insulin sensitive than

pubertal children and adults
◆ The ratio of visceral to subcutaneous adipose tissue

of prepubertal children is 25% to 50% that
of adolescents and adults

◆ There is a gradual increase in serum lipids during
childhood

◆ Hormonal changes associated with puberty are
thought to influence these changes

• The risk of antiretroviral-induced lipodystrophy and possible
subsequent development of diabetes mellitus and premature
cardiovascular disease is of particular concern in HIV-infected
children

Objectives
• To determine the extent and severity of abnormalities of 

glucose homeostasis, serum lipids and abdominal adipose 
tissue distribution in HIV-infected children

• To evaluate the role of protease inhibitor (PI) therapy, 
stavudine (d4T) therapy and HIV disease status in the 
development of such abnormalities

Methods
Inclusion and exclusion criteria

 Inclusion criteria
•  Age 3-18 years
• No change in clinical and/or immunological HIV classification
  status during the preceding 6 months
•  At least 3 months of continuous PI therapy for the PI-treated

group

 Exclusion criteria
• Chronic illness other than HIV that could substantially affect

metabolic  outcomes (such as familial hypercholesterolemia)
•  Significant failure to thrive
•  Glucocorticoid therapy/birth control pill use
•  Significant non-compliance

Laboratory investigations

Fasting blood work
• Total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,

glucose, insulin, proinsulin and C-peptide

Computerized tomography of the abdomen
• Single slice CT scan (10 mm thickness) at umbilical level
• Adipose tissue area determined by summing the area of pixels

in the range of -150 to -50 Hounsfield units
• A group of 52 HIV-non-infected children who underwent 

abdominal CT scanning in the context of trauma served as 
controls

Insulin-modified frequent sampling
intravenous glucose tolerance test
• Intravenous glucose bolus, 300 mg/kg, at time zero
• Regular humulin insulin bolus, 0.03 units/kg, at 20 minutes
• Nineteen blood samples taken over 135 minute period
• Insulin sensitivity, glucose effectiveness, area under the 

insulin curve determined using MINMOD, version 3, computer
program [1]

B. Abdominal adipose tissue distribution of PI-treated 
HIV- infected children, PI-naïve HIV-infected children
and HIV-uninfected children

C. Insulin sensitivity in PI-treated HIV-infected children

Possible final multivariate regression models for insulin sensitivity

Model Explanatory variables Direction of effect † p value Model R2

1 V/SC adipose tissue ratio §

d4T exposure

(−)

(+)

0.0062

0.086

0.39

2 Age

d4T exposure

(−)

(+)

0.0052

0.064

0.40

†  (+) = positive association, (−) = negative association

§  V/SC = visceral/subcutaneous
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Table 5

Insulin sensitivity in PI-treated HIV-infected children (n = 24)

Mean Range Proportion

abnormal

Normal

range §

Insulin sensitivity index

(x10-4[pmol/L]-1min-1)

1.16 0.04-4.70 29% >0.500

§ Normal insulin sensitivity for children was estimated from the literature by
pooling results of several published trials [3-5]; weighted mean insulin sensitivity
index adjusted for age, sex and ethnicity was 1.04 ± 0.26 x10-4[pmol/L]-1min-1

Univariate analysis of factors associated with insulin sensitivity §

Variable Correlation coefficient P value

V/SC adipose tissue ratio ‡ −0.55 0.0043

Age (years) −0.55 0.0048

Total adipose tissue area (cm2) −0.52 0.0079

Tanner stage (1 or 2-5) −0.41 0.041

d4T exposure 0.37 0.066

Visceral adipose tissue area (cm2) −0.33 0.104

CD4 count (cells/µL) 0.27 0.200

§ Only variables with p ≤ 0.200 listed

‡ V/SC = visceral/subcutaneous
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Results A. Serum lipids, glucose homeostasis and visceral to subcutaneous adipose tissue
ratio in PI-treated vs PI-naïve HIV- infected children
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Table 1

Baseline characteristics of PI-treated and PI-naïve HIV-infected children

Parameter PI-treated ¶

(n = 30)

PI-naïve

(n = 20)

p value §

Age (years) 8.6 9.2 0.62

Sex (% female) 40% 55% 0.45

Ethnicity (% Caucasian) 30% 25% 0.95

Vertically infected (%) 83% 95% 0.42

HIV clinical category (% category C) † 50% 15% 0.026

HIV immunologic category (% category 3) † 43% 15% 0.073

Viral load (copies/mL) 14,602 18,274 0.68

CD4 count (cells/µL) 1004 723 0.067

d4T exposure 63% 30% 0.043

Tanner stage (% Tanner 1) 80% 70% 0.64

Waist-hip ratio 0.92 0.90 0.34

Body mass index (kg/m2) 17.4 18.6 0.23

¶ Mean duration of PI therapy 22.6 ± 8.9 months (range 8 to 46 months); PI therapy consisted of

ritonavir (n=12), nelfinavir (n=13), indinavir (n=2), lopinavir (n=1), ritonavir + nelfinavir (n=1),

ritonavir + saquinavir (n=1)

§ Two sided Students t-test for continuous variables and Yates corrected χ2 for dichotomous

variables

† Based on the revised Pediatric Centers for Disease Control and Prevention HIV Clinical

Staging System [1]

Table 2

Fasting serum lipids, glucose homeostasis and visceral to subcutaneous

adipose tissue ratio in PI-treated and PI-naïve HIV-infected children

Variable PI-treated (n=30)

mean ± SD

PI-naïve (n=20) †

mean ± SD

p value §

Total cholesterol (mmol/L) 5.13 ± 1.60 4.02 ±  0.77 0.0021

LDL cholesterol (mmol/L) 3.26 ±  1.46 2.48 ±  0.76 0.019

HDL cholesterol (mmol/L) 1.11 ±  0.23 1.08 ±  0.25 0.64

Triglycerides (mmol/L) 1.83 ±  1.26 0.98 ±  0.47 0.0018

Glucose (mmol/L) 4.65 ±  0.50 4.87 ± 0.58 0.16

Insulin (pmol/L) 47.6 ±  30.8 47.4 ±  29.1 0.98

Proinsulin (pmol/L) 10.4 ±  6.5 10.4 ±  5.5 0.98

C-peptide (pmol/L) 375.8 ±  282.7 322.9 ±  214.8 0.48

Insulin/glucose ratio 10.1 ± 6.0 9.6 ± 6.4 0.77

HOMA-IR ‡ 1.39 ±  0.98 1.44 ±  0.93 0.86

V/SC adipose tissue ratio ¶ 0.312 ± 0.143 0.247 ± 0.108 0.25

† For V/SC adipose tissue ratio, n = 11

§ Two sided Student’s t-test for all variables

‡ HOMA-IR = homeostatic model assessment-insulin resistance

¶ V/SC = visceral/subcutaneous

Final multivariate regression models for total cholesterol, triglycerides, insulin, HOMA-IR and

visceral to subcutaneous adipose tissue ratio §

Outcome Variable ‡ Explanatory variables Direction of effect † p value * Model R2

Triglycerides PI therapy

Body mass index (kg/m2)

(+)

(+)

0.0001

0.12

0.28

Total cholesterol PI therapy

Age (years)

Body mass index (kg/m2)

Viral load (copies/mL) ‡

d4T exposure

(+)

(−)

(+)

(−)

(−)

< 0.0001

0.0029

0.0078

0.015

0.088

0.41

Insulin Tanner stage (Tanner 1 or Tanner 2-5)

Viral load (copies/mL) ‡

CD4 count (cells/µL) ‡

(+)

(−)

(−)

0.0005

0.028

0.020

0.47

HOMA-IR Tanner stage (Tanner 1 or Tanner 2-5)

Body mass index (kg/m2)

(+)

(−)

0.006

0.03

0.47

V/SC ratio ¶ Age (years)

Body mass index (kg/m2)

(+)

(−)

0.0006

0.099

0.27

§  Selection of outcome variables for multiple regression analysis was performed a priori.

¶  V/SC ratio = visceral to subcutaneous adipose tissue ratio.

‡  All outcome variables as well as viral load and CD4 count were log transformed to correct for skewed data; Ln = natural log.

†  (+) = positive association, (−) = negative association.

*  p value ≤ 0.01 considered significant.

Table 3

.

Abdominal adipose tissue distribution in PI-treated HIV-infected children, PI-naïve HIV-infected

children and generally healthy HIV-uninfected children (controls)

Variable PI-treated PI-naïve Control P value §

Visceral adipose tissue area (cm2) 1562 ± 1989 1500 ± 802 1250 ± 972 0.58

Subcutaneous adipose tissue area (cm2) 5098 ± 3942 8090 ± 6834 5857 ± 7101 0.40

Visceral/subcutaneous adipose tissue ratio 0.312 ± 0.179 0.247 ± 0.108 0.295 ± 0.178 0.56

Visceral/total adipose tissue ratio 0.230 ±0.108 0.191 ± 0.070 0.216 ± 0.091 0.51

§ Analysis of variance; results unchanged after adjusting for age and sex

Table 4
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