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Abstract
Background: Antiretroviral therapy (ART) has greatly improved clinical outcomes in human immunodeciency
virus (HIV) infection in adults and children. However, emerging data link ART to clinical lipodystrophy and premature
atherosclerosis. We examined the impact of body fat changes on blood pressure and endothelial function in HIV
infected children with and without ART.
Methods: Central and peripheral body fat distribution was assessed in 68 HIV infected children. In all children
blood pressure was measured and high resolution ultrasound was used to determine endothelium dependent dilatation
(flow mediated dilatation-FMD) in the brachial artery.
Results: From the 68 HIV infected children, 46 were on ART. There was no evidence of clinical lipodystrophy
with ART in this cohort. Total cholesterol was increased in children on ART (p<0.001). FMD was significantly lower in
those on ART compared to antiretroviral naive children (p<0.01). Increased BMI and waist as well as peripheral body
circumference measurements in the arm and thigh were associated with higher systolic blood pressure (p<0.05 and
p<0.01 respectively). An inverse association was noted between peripheral body composition measurements (zcalf
and zthigh) and FMD (p<0.05 for both).
Conclusion: HIV-infected children on ART have deranged lipids and evidence of early arterial abnormalities.
Increased body fat accumulation is associated with reduced endothelial function and elevated blood pressure in HIVinfected children. These findings suggest that healthy dietary intake and weight control would be advisable in HIV
infected children for optimal vascular disease prevention.
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Introduction
With the increased survival of HIV-infected patients, the
development of cardiovascular disease is becoming a clinical concern
[1]. Prospective and retrospective clinical trials have demonstrated
that, particularly in the presence of cardiovascular risk factors (i.e.
hypertension, diabetes, and smoking), HIV-infected adults have an
increased incidence of cardiovascular events [2].
The cardiovascular risk in HIV- infected children remains low [3].
However, we and others, have demonstrated functional and structural
changes consistent with accelerated atherosclerotic processes in
children with HIV-infection [4-7]. The reasons for these changes are
unclear and as in adults, appear to be related to disease severity, nature
of antiretroviral therapy (ART) and immune activation.
Central obesity and lipid derangements are known to increase
cardiovascular risk in the general population, but their impact in
HIV-infected children is unknown [1]. Of particular concern are
body fat changes (clinical lipodystrophy) described as peripheral
lipoatrophy (subcutaneous adipose tissue wasting) and/or central
lipohypertrophy (central fat accumulation) [8]. Depending on the
methodology, up to a third of HIV infected children on ART show
altered body fat distribution [8] . Ethnicity, duration of HIV infection,
and ART all influence its frequency and severity [9]. These changes
are aesthetically disturbing, and may herald a wider derangement of
lipids and metabolic pathways as well as risk of cardiac disease [10].
In addition, body fat changes in children are of particular concern as
data in adults suggest that the presence of clinical lipodystrophy is
associated with a significantly higher risk of coronary heart disease
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at 10 years as assessed by the Framingham risk score, than patients
without clinical lipodystrophy [11]. However the relative importance
of HIV disease, ART and associated body fat changes remains unclear
and is particularly challenging to unravel in adults who have multiple
additional cardiovascular risk factors. We therefore assessed the impact
of body fat changes on markers of early arterial disease i.e. endothelial
function and blood pressure in children with HIV infection with and
without antiretroviral therapy.

Methods
Study population
We studied HIV-infected children attending Great Ormond Street
Hospital (GOSH) NHS Trust (London, UK). Children older than 6
years of age who could cooperate and stay still for vascular assessment
were eligible to participate in this study. Children with current
opportunistic infections or cardiovascular risk factors, including
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hypertension, diabetes, and renal failure, were not eligible for this study.
None had a current or recent infectious illness, nor were they receiving
any medication or vitamin supplementation. Details of past clinical and
ART history were extracted from the UK Collaborative HIV Pediatric
Study (CHIPS) database [12]. Children were started on ART, for low
or declining CD4% counts, as defined by PENTA guidelines and/or
clinical deterioration [13]. The nature of the ART regime was not based
on measures of disease severity.
Ethnicity data were obtained from the National Study of HIV in
Pregnancy and Childhood (NSHPC). The study protocol was approved
by the Institute of Child Health Ethics Committee. All parents or
caregivers gave written informed consent and assent was taken from
the children when this was appropriate.

Cardiovascular risk assessment
Clinical assessment: Systolic and diastolic blood pressures were
measured as the average of three seated readings with an automated
oscillometric device (Omron) in the left arm. A paediatric cuff was used
when the arm circumference was <25 cm and a regular adult cuff when
the arm circumference was >25 cm. Heart rate was measured as the
average of the last two readings as these have been recorded by the same
(Omron) device.

measurements: waist circumference, waist and hip ratio and
subscapular skinfold thickness [15]. Peripheral fat distribution (fat
accumulation or wasting) was assessed by measuring upper and lower
limb circumferences (mid-upper arm, calf and thigh) and also by
assessing skinfold thickness (triceps, biceps, and suprailiac) [16].

Statistical analysis
In descriptive analyses, parametric summary statistics and
significance tests were used when the data were approximately normally
distributed; otherwise non-parametric methods were used. In normally
distributed data values are expressed as mean (SD) unless otherwise
stated.
Multivariable linear regression analysis was used to examine
relationships between cardiovascular measurements and body
fat composition following adjustment for potential confounders.
Confounders were considered age, sex, viral load, antiretroviral
treatment and biochemical measures, which were univariately
associated with the dependent variable. Variables that were not
normally distributed were log10 transformed to reduce the influence of
outlying observations.

Results

Vascular measurements: Endothelium-dependent vascular
response was assessed in the right brachial artery by high-resolution
ultrasound imaging using an Acuson 5 to 10 MHz linear probe as
previously described [14]. Doppler-derived flow measurements (using
a pulse wave Doppler signal at a 70°C angle) were also obtained
continuously. Brachial artery diameter was measured offline by an
automatic edge detection system (Brachial Tools) and expressed
as a percentage change from the baseline diameter. Endotheliumindependent response to a 25 μg dose of sublingual glyceryl trinitrate
(GTN) was also calculated as a percentage change from the baseline
diameter.

Sixty-eight children of Sub-Saharan African origin agreed
to participate in the study and underwent detailed vascular and
anthropometric characterization. Fourty six were exposed to
antiretroviral therapy. Triple ART therapy was used containing
2 nucleoside reverse transcriptase inhibitors (NRTIs) and a nonnucleoside reverse transcriptase inhibitor (NNRTI) or protease
inhibitor (N=20) in their combination. Twenty-two children were
antiretroviral naive. The median ART exposure was 5.04 years. HIVinfected children on ART had more advanced CDC stage and reduced
viral load compared to untreated children (Table 1).

Biochemical markers: Non-fasting blood was taken in heparinized
tubes and 1 mL of plasma was stored at -80°C. Lipid levels (total
cholesterol, HDL, non-HDL cholesterol, triglycerides and lipoprotein
alpha) and high sensitivity CRP (hsCRP) were measured. Disease
activity was also assessed by viral load and CDC stage.

Systolic and diastolic blood pressure and heart rate were similar in
HIV infected treated and untreated children. Baseline vessel diameter,
baseline brachial blood flow and reactive hyperemia were similar in
the different treatment group. FMD was significantly lower in those on
ART that included a PI as part of the regimen 6.2 (4.3)% compared
to 8.3 (3.4)% without PI and 10.1 (4.2)% in untreated children. The
endothelium independent response to GTN was similar in the different
treatment groups. There was no relation between blood pressure, viral
load or lipids and FMD in adjusted or unadjusted models.

Anthropometric measurements: Weight was measured to the
nearest 0.1 kg using Tanita scales (Wardworth Ltd, Bolton, United
Kingdom). Height was measured to the nearest 0.1 cm using a
Harpenden stadiometer (Holtain Ltd, Crymych Pembrokeshire,
United Kingdom) and body mass index (BMI kg/m2) was calculated.
Waist circumference was measured using a flexible tape (Chasmors
Ltd, London, UK), to the nearest 1 mm, at the midpoint between the
lower ribs and the pelvic bone, and the ratio of waist circumference
to height was calculated. This has been validated as a measure of
central adiposity in children. The values were converted to age- and
sex-adjusted z-scores using the UK reference curves. Triceps, biceps,
subscapular and suprailiac skinfold measurements were taken using a
Harpenden Skinfold Caliper (Holtain Ltd,Crymych, UK). Mid-upper
arm, thigh and calf circumferences were measured using a narrow 1-m
tape (Chasmors Ltd, London, UK). All skinfold and circumference
measurements were performed by the same trained researcher (AD) in
triplicate. Skinfold and circumference measurements were converted to
age- and sex- adjusted z-scores as previously described [12].
We assessed central fat accumulation by using the following
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Vascular phenotype in HIV infected children (Table 1)

Vascular phenotype and body fat changes in HIV-infected
children
There was a trend towards decreased peripheral body fat
measurements in HIV-infected children who were on ART. Increased
BMIz and waist (beta: 0.3 for both, p<0.05) as well as peripheral body
circumference measurements in the arm and thigh (beta: 0.3, p<0.05
and beta: 0.4, p<0.01 respectively) were associated with higher systolic
blood pressure (Figure 1).
An inverse association was noted between body composition
measurements and FMD. Peripheral body composition
measurements (zcalf and zthigh) had an inverse relationship with
FMD (beta=-0.3 and beta:-0.2, p<0.05 for both). These associations
remained following adjustment for age, sex, baseline diameter, viral
load and ART (Figure 2).
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Treated
(n=46)

Untreated
(n=22)

p value

Age (years)

11.4 (2.9)

10.7 (2.9)

0.3

Male % (N)††

52 (24)

59 (13)

0.1

Weight

36.2 (11.9)

37.9 (14.6)

0.6

BMI

17.8 (2.7)

18.8 (3.1)

0.2

Systolic blood pressure (mmHg)

102.4 (9.2)

107.0 (10.3)

0.08

Diastolic blood pressure (mmHg)

60.5 (10.2)

62.5 (5.9)

0.3

Heart rate (bpm)

80 (11)

84 (16)

0.2

Glucose (mmol/L)

4.4 (0.7)

4.5 (0.8)

0.7

High sensitivity CRP (mg/L); median
[IQR]

1.1 [0.2,2.4]

0.4 [1.4,2.4]

0.3

CDC stage (A/C) ††

14/17

13/0

0.001

50 [50,2175]

17400 [11050,
36600]

0.0001

Demographic data

The use of ART has changed the course of HIV disease from a terminal
pathology to a chronic illness. However, new pathologies have appeared
as patients continue to live with the virus and among them increased
incidence of cardiovascular events with ART have been of particular
interest [17]. However, despite numerous clinical trials in adults it remains

Clinical parameters

Viral load median[IQR]

2
zwaist
zwaist

-11
-20

4.3 (0.9)

3.5 (0.8)

0.002

HDL cholesterol (mmol/L)

1.4 (0.5)

0.9 (0.3)

0.0001

Lp (α) (mg/L); median [IQR]

46.1 [30.6,77.7] 34.7 [22.6,67.3] 0.5

110

120

130

140

120

130

140

SBP
90

100

110

SBP

2

-0.6 [-1.2,-0.1]

0.1

Calf circumference

-0.8 [-2.2,0.1]

-0.9 [-1.8,0.2]

0.4

Biceps skin-fold

1.1 [0.2,1.9]

1.9 [0.8,3.8]

0.05

Triceps skin-fold

0.1 [-0.5,1.1]

0.8 [-0.1,1.8]

0.2

Subscapular skin-fold

1.8 [0.2,2.9]

1.7 [0.3,4.1]

0.9

Suprailiac skin-fold

-0.5 [-1.1,-0.1] -0.6 [-.9,0.4]

0.3

Vascular measurements
Flow mediated dilation (%)

7.3 (3.9)

10.1 (4.2)

0.01

Baseline diameter (mm)

2.7 (0.5)

2.8 (0.5)

0.7

15.8 (6.3)

0.2

Values expressed in mean (SD) unless otherwise stated. Comparisons between
groups were made using independent t-test. Non-parametric variables were
expressed as median [IQR] and comparisons were made between the groups
using Mann Whitney analysis. ††: Analysis was performed using the chi-square
test.
Table 1: Descriptive characteristics in HIV-infected treated and untreated children.

Lipids and body composition measurements in HIV infected
children
None of the lipid measurements were associated with body
composition measurements irrespective of ongoing ART. Total
cholesterol was increased in children on ART compared to untreated
children (Table 1). In contrast HDL cholesterol was lower in the
untreated HIV-infected children compared to ART treated (Table 1).

Discussion
In this study we demonstrated that HIV infected children on ART
have evidence of early arterial changes with decreased endothelial
function and increased systolic blood pressure and deranged lipid
profile. We also demonstrated for the first time that these arterial
changes are associated with increased fat accumulation rather than
clinical lipodystrophy. These findings indicate that the general advice
for healthy dietary intake and weight control should be advocated in
HIV infected children to minimise later cardiovascular risk.
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Figure 1: The impact of body fat distribution on systolic blood pressure in HIVinfected children.
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0.2

-0.2 [-1.1, 0.6]

beta=-0.29
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p=0.014

2
1
02

zthigh

0.6 [0.3,0.8]

-0.7 [-1.3,0.3]

-11
-20

zthigh

0.2 [-0.3,0.6]

Arm circumference

beta=0.35
p=0.005

1

Anthropometric measurements z-scores (median [IQR]
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100

-3

0.7

Waist circumference

Glyceryltrinitrate mediated dilation (%) 13.8 (5.6)

90

-2

Total cholesterol (mmol/L)

0.9 [0.6,1.4]

02

-3
-1

Lipid/ Blood results

Triglycerides (mmol/L); median [IQR] 1.0 [0.8,1.3]

beta=0.31
p=0.02

13

-1
-3

FMD
2.5

5.0

7.5 10.0 12.5 15.0 17.5 20.0 22.5

2.5

5.0

7.5 10.0 12.5 15.0 17.5 20.0 22.5

FMD

beta=-0.25
p=0.049

beta=-0.25
-2
-4
p=0.049
-3The impact of body fat distribution on endothelial function in HIVFigure 2:

infected children.
Anthropometric measurements had the same pattern of association with flow
mediated dilatation with zcalf and zthigh being the strongest predictors in
univariate and multivariate analysis.
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difficult to disentangle the individual contribution of the virus itself, that
of antiretroviral treatment and its associated metabolic abnormalities on
individual’s composite cardiovascular risk assessment [17].
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