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Introduction

Abstract
Background: Despite metabolic disorders in HIV-infected
children being widely described, there is still a lack of agreed
criteria for diagnoses and management. Numerous studies
are coming from other settings and results are heterogeneous
when assessing several analytical and clinical parameters.
Objectives: To describe the prevalence of metabolic disorders and associated risk factors in the Spanish National cohort
of HIV-infected pediatric patients (CoRISpe).
Methods: This was a cross-sectional study following all vertically HIV-infected children and adolescents in three referral centers included in the CoRISpe. Metabolic data (fasting
lipids, glucose and insulin levels and thyroid hormone levels)
were collected. Fat distribution was clinically assessed by
expert clinicians.
Results: We included 157 patients [median age 13 years,
interquartile range (IQR) 10–16]. Median duration of antiretroviral therapy was 10.2 years (IQR 5.0–13.0). Almost
20% of patients had insulin resistance and this was associated with hepatitis C co-infection, current use of stavudine
(d4T) and hypertriglyceridemia. Hypercholesterolemia and
hypertriglyceridemia were found in 23.9% and 24.8% of
patients and were associated with current use of protease
inhibitors (p = 0.042 and p = 0.022, respectively). Abnormal fat
a

distribution was observed in 63 patients (40.5%): lipoatrophy
in 32 (20.4%), lipohypertrophy in eight (5.1%) and a mixed
pattern in 23 patients (14.6%), and it was significantly associated with previous exposure to stavudine (p < 0.001).
Conclusions: Metabolic disorders are a significant problem
in our HIV-infected pediatric population. We need to encourage the development of global strategies and the creation of
consensus guidelines that can decrease the cardiovascular risk
in this population.
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Over the past 20 years, the implementation of highly active
antiretroviral therapy (HAART) has considerably reduced
the mortality and morbidity associated with human immunodeficiency virus (HIV) infection in children living in
industrialized countries. Concomitantly, morbidity from
the long-term effects of antiretroviral drugs has grown in
importance. Among the related complications, metabolic
disorders, such as abnormal glucose metabolism, dyslipidemia and abnormalities in body fat distribution, with subcutaneous fat loss and central fat accumulation, are a cause
for concern. In children facing the prospect of life-long
treatment with HAART, the development of these complications is particularly worrisome because of the potentially
increased risk of cardiovascular disease in early adulthood
(1–10).
Previous related studies have included a significant number of patients, but have provided relatively heterogeneous
results, and the rate of metabolic disorders in this population remains unclear (2, 7, 9, 11). Furthermore, childhood
obesity is an increasingly prevalent problem in developed
countries, and the similarity between abnormalities occurring in this condition and those of antiretroviral-induced
metabolic syndrome further complicates the analysis
(12, 13). Despite the first descriptions being reported
almost 10 years ago, there are still no standardized criteria
or guidelines for the management of this treatment-related
complication.
Most studies on this subject come from geographic areas
other than Spain and those performed in this setting include
small patient numbers (3, 10, 14). To define the status of our
pediatric patients in this regard, this study was designed to
assess the prevalence of metabolic disorders and related risk
factors in a large cohort of vertically HIV-infected Spanish
children with lengthy antiretroviral drug exposure.

Brought to you by | Universiteit van Amsterdam - UVA Universiteitsbibliotheek SZ
Authenticated | 172.16.1.226
Download Date | 8/14/12 8:18 AM

530

Dapena et al.: Metabolic disorders in HIV-infected children

Methods
Study design
A cross-sectional study was carried out in a cohort of vertically
HIV-infected children and adolescents followed-up at the outpatient clinics at Hospital Universitario La Paz (Madrid), Hospital
Universitari San Joan de Déu (Barcelona) and Hospital Universitari
Vall d’Hebron (Barcelona), three tertiary pediatric reference hospitals within the cohort of HIV-infected pediatric patients (CoRISpe).
CoRISpe is the Spanish cohort of HIV-infected children of 18 years
or below, which currently includes 794 patients in 73 centers in
Spain. The study was approved by the Ethics Committees of all three
centers, and informed consent for participation was obtained from all
patients and parents or legal guardians, as appropriate.

Clinical data
Clinical and immunological stage was assessed according to the
Centers for Disease Control and Prevention (CDC) classification criteria (15). Demographic characteristics, a complete history of past
and current antiretroviral drug use, and data on hepatitis B virus
and hepatitis C virus (HCV) co-infection were obtained from the
CoRISpe database.

Outcomes and definitions
At assessment, CD4+T- lymphocyte percentage and absolute count,
and HIV-1 viral load (VL) were determined. HIV-VL was defined as
undetectable at < 50 copies/mL. Blood was drawn after an 8-h fast
and the following parameters were analyzed: lipid profile (triglycerides, total cholesterol, high-density cholesterol [HDL-c], and lowdensity cholesterol [LDL-c]), glucose, insulin and thyroid hormones
(thyroid-stimulating hormone and free thyroxine).
Abnormal fasting lipid levels were defined based on American
Heart Association criteria, endorsed by the American Academy of
Pediatrics (16, 17). Cholesterol and triglyceride levels were analyzed
using enzymatic methods. Hypertriglyceridemia was established
based on plasma triglyceride levels ≥ 150 mg/dL and hypercholesterolemia on total plasma cholesterol levels ≥ 200 mg/dL. The cutoff for abnormal LDL-c was > 130 mg/dL, and for abnormal HDL-c
was < 40 mg/dL. Dyslipidemia was established whenever hypercholesterolemia and/or hypertriglyceridemia were documented.
Plasma glucose concentrations were measured using the glucose
oxidase method. Serum insulin concentrations were determined
by enzyme immunoassay. According to the International Diabetes
Foundation’s Metabolic Syndrome in Children and Adolescents consensus report (18), fasting glucose was considered normal at < 100
mg/dL. The homeostatic model of insulin resistance (HOMAIR = fasting insulin (μU/mL) × fasting glucose (mg/dL)/405) was used
to assess insulin resistance. A HOMA-IR result > 4.0 was considered
a marker of resistance (19).
Serum concentrations of thyroid-stimulating hormone and free
thyroxine were determined by electrochemiluminescence immunoassay. Reference ranges were 0.25–6.15 μU/mL for thyroid-stimulating hormone and 0.70–1.64 ng/dL for free thyroxine.

Body measurements
Anthropometric measurements included height, weight and body
mass index (BMI) and were expressed as Z-scores, adjusted for age
and sex based on the Spanish standard growth curves (20). BMI
categories, (overweight, obese, and malnourished) were defined

according to the World Health Organization Expert Committee statement (21). Puberty was rated using Tanner stages.
The diagnosis of abnormal fat distribution was based on physical examination performed by expert clinicians at the most
recent visit and was classified according to the European Paediatric
Lipodystrophy Group as follows (22):
• lipohypertrophy (central or cervical fat accumulation, and/or
breast enlargement);
• lipoatrophy (peripheral fat loss in face, limbs or buttocks); and
• a mixed pattern when both were present.

Statistical analyses
Results were expressed as the median and interquartile range (IQR)
for quantitative variables and as the percentage for qualitative variables. When antiretroviral drugs were analyzed as risk factors, naïve
patients were excluded. Comparisons between quantitative variables
were performed with the Mann-Whitney U-test or Student’s t-test.
The Fisher exact test was used to compare categorical variables.
Multivariate logistic regression analysis was performed including
only variables that were significantly associated with metabolic disorders or abnormal fat redistribution in the bivariate analysis. Results
are given as odds ratios (ORs) with 95% confidence intervals (CIs).
Significance was set at a p-value of < 0.05. Statistical analyses were
performed using the Statistical Package for the Social Sciences (v.17)
(SPSS, Chicago, IL, USA).

Results
A total of 157 vertically HIV-infected pediatric patients
were evaluated. All patients included were 18 years of age
or younger and were followed-up at the three participating hospitals; no patients were excluded. Median age was
13 years (IQR: 10–16) and 50.3% of participants were
Tanner stage ≥ 4 at assessment. Fifteen patients (9.6%) were
co-infected with HCV and two patients (1.3%) with hepatitis
B virus. The main clinical data of the study patients are shown
in Table 1.
Plasma HIV-VL was undetectable in two-thirds of patients,
and median CD4+ T-cell count/percentage was 777 per
mm3/34%. Almost one-third of patients met the AIDS criteria.
Seven of 150 children were naïve to HAART, nine were on
structured treatment interruption, and the rest were receiving
HAART. Median duration of antiretroviral therapy was 10.2
years (IQR: 5.0–13.0). Median duration of antiretroviral interruption was 60 months (IQR: 6.0–86.5). None of the patients
were receiving glucose-lowering or lipid-lowering drugs.
Among the patients on HAART, 90% were currently
receiving a nucleoside reverse transcriptase inhibitor-based
regimen, 46.7% a non-nucleoside reverse transcriptase inhibitor (NNRTI)-based regimen, and 53.3% a protease inhibitorbased regimen. Almost 90% of patients had been exposed to
the three main families of antiretroviral drugs at least once.
Ever/current exposure to zidovudine and stavudine (d4T)
was 82.2%/36% and 71%/8.6%, respectively.
Median Z-score values for body weight, height and BMI
were within normal ranges. Five patients (3.2%) were overweight, eight (5.2%) were obese, and three (1.9%) were
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Table 1 Baseline characteristics of the cohort (n = 157) at the time
of the assessment.

Table 2 Main endocrine and metabolic results of patients included
in the cohort (n = 157).

Variable

Variable
Anthropometric values
Z score weighta
Z-score heighta (n = 155)
Z- score BMIa (n = 155)
Abnormal fat distributionb
Lipoatrophyb
Lipohypertrophyb
Mixed patternb
Thyroid function (n = 156)
Thyroid-stimulating hormonea, μU/mL
Free T4a, ng/mL
Lipid metabolism
Total cholesterola, mg/dL
HDL-c, mg/dLa (n = 155)
LDL-c, mg/dLa (n = 155)
Total cholesterol/HDL-c ratioa (n = 155)
Hypercholesterolemiab
LDL-c ≥ 130 mg/dL
Triglyceridesa, mg/dL
Hypertriglyceridemiab
Carbohydrate metabolism
Fasting glycemiaa, mg/dL
Fasting hyperglycemiab
Fasting insulina, μU/mL (n = 151)
Hyperinsulinemiab (n = 151)
HOMA-IRa (n = 151)
Insulin resistance (HOMA-IR ≥ 4.0) b

Number

Age, years
Female gender, n (%)
Tanner, n (%)
1
2 –3
4 –5
CDC clinical category, n (%)
N/A
B
C (AIDS)
CDC- Immunological category, n (%)
1 (CD4 ≥ 25%)
2 (CD4 15%–25%)
3 (CD4 15%)
Hepatitis B virus co-infection, n (%)
HCV co-infection, n (%)
HIV-infection markers
Viral load < 50 copies/mL, n (%)
CD4 + T-cells percentage (%)
CD4 + T-cells per mm3
Antiretroviral therapy, n (%)
Naïve patients
No current treatment
Time on ARV, years (n = 157)
Drug in current combination (n = 150), n (%)
NRTI
Zidovudine
Stavudine
NNRTI
Protease inhibitor
Previous exposure (n = 150), n (%)
NRTI
Zidovudine
Stavudine
NNRTI
Protease inhibitor

13 (IQR: 10 –16)
94 (59.9%)
40 (25.5%)
38 (24.2%)
79 (50.3%)
66 (42.0 %)
46 (29.3%)
45 (28.7%)
40 (25.5%)
60 (38.2%)
57 (36.3%)
2 (1.3%)
15 (9.6%)
101 (64.3%)
34 (26.5 – 40.0)
777 (579 –1144)
7 (4.5%)
16 (10.2%)
10.2 (5 –13)
135 (91.8%)
46 (30.7%)
12 (8.0 %)
71 (47.3%)
80 (53.3%)

125 (82.2%)
108 (71%)
112 (74.7%)
129 (86%)

Values are expressed as median (interquartile range) except when
stated otherwise. ARV, antiretroviral therapy; CDC, centers for
disease control; HCV, hepatitis C virus; NRTI, nucleoside reverse
transcriptase inhibitors; NNRTI, non-nucleoside analog HIV reverse
transcriptase inhibitor.

malnourished. Among the obese and overweight children,
78% were white.
In 18 patients (11.6%), height was below -2 standard deviations. The main anthropometric, metabolic and hormonal data
are summarized in Table 2.
Abnormal fat distribution was observed in 63 patients
(40.5%): lipoatrophy in 32 (20.4%), lipohypertrophy in eight
(5.1%), and a mixed pattern in 23 (14.6%), with no differences between patients on HAART or structured interruption
(p = 0.082).
There were no cases of abnormal fat distribution in naïve
subjects (p = 0.042). On univariate analysis, total antiretroviral exposure was longer in patients with fat redistribution
(r+0.45, p < 0.001). In addition, ever exposure to d4T, NNRTIs
or protease inhibitors (p < 0.001, p < 0.001, and p = 0.012,

– 0.49 (–1.17 to 0.18)
– 0.40 (–1.29 to 0.38)
– 0.37 (– 0.96 to 0.32)
63 (40.5%)
32 (20.4%)
8 (5.1%)
23 (14.6%)
1.80 (1.2 –2.5)
1.07 (0.95 –1.16)
162 (134.5 –195.0)
46 (39 –56)
96 (74 –121)
3.5 (3.0 – 4.1)
37 (23.9%)
28 (18.1%)
106 (73.8 –149.0)
39 (24.8%)
88.0 ( 83 –93)
11.0 (7%)
9.4 (5.0 –16.3)
35.0 (23.2%)
2.0 (1.0 –3.5)
30.0 (19.9%)

Values are expressed as: amedian (interquartile range); and bn and
percentage. BMI, body mass index; HDL-c, high-density cholesterol; LDL-c, low-density cholesterol; HOMA-IR, homeostatic model
assessment to quantify insulin resistance.

respectively) and Tanner stage ≥ 4 (p < 0.001) were significantly associated with abnormal fat distribution patterns. On
multivariate analysis adjusted for total antiretroviral exposure
in years, NNRTI exposure, d4T exposure, protease inhibitor
exposure, Tanner stage, fasting insulin, LDL-c plasma levels,
HOMA-IR index and CD4+ T-lymphocyte absolute counts,
only ever d4T exposure remained significantly associated
with abnormal fat distribution (OR 3.8, 95% CI 1.1–13.0;
p = 0.033).
Hypercholesterolemia was found in 23.9% of patients
and hypertriglyceridemia in 24.8%. Twenty-eight patients
(18.1%) showed elevated plasma LDL-c levels, 42 (27.1%)
low HDL-c levels, and 12 (7.7%) a total cholesterol/HDL-c
ratio > 5. Hypertriglyceridemia was more frequent in boys
(34.9% vs. 18.1%, p = 0.023). Hypertriglyceridemia was not
related to CDC stage or higher HIV-VL.
Patients with hypercholesterolemia showed higher CD4+
T-cell percentage (36.8 ± 7.8 vs. 31.9 ± 10, p = 0.008) and lower
HIV-VL (p = 0.002) than those with normal cholesterol levels.
Subjects who were not currently receiving HAART showed
normal total cholesterol and triglyceride levels (r = 0.17,
p = 0.042 and r = 0.18, p = 0.022, respectively).
On multivariate analysis, hypercholesterolemia and hypertriglyceridemia were both associated with current protease
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inhibitor use (OR 3.3, 95% CI 1.4–7.7; p = 0.005 and OR 3.3,
95% CI 1.4–7.5; p = 0.004, respectively), adjusted for total
antiretroviral exposure in years and current antiretroviral
therapy.
Fasting plasma glucose levels above normal were observed
in 11 patients (7%) and insulin resistance was diagnosed
in 19.9%. Three patients (1.9%), had plasma glucose levels > 110 mg/dL and HOMA-IR values of 22.40, 13.23, and
19.00, respectively.
There were no significant differences in HOMA-IR based
on Tanner stage, sex or BMI Z-score. On multivariate analysis, insulin resistance was significantly associated with HCV
co-infection (OR 5.0, 95% CI 1.4–17.3; p = 0.009), current
d4T use (OR 5.0, 95% CI 1.3–18.8; p = 0.016), and hypertriglyceridemia (OR 1.01, 95% CI 1.00–1.01; p = 0.006), adjusted
for total antiretroviral exposure in years, current antiretroviral
therapy, fasting triglyceride plasma levels and HCV infection.
No cases of overt diabetes were detected.
Mean free thyroxine level was 1.08 ng/mL (IQR 0.95–1.16)
and mean thyroid-stimulating hormone level was 2.06 μU/mL
(IQR 1.2–2.5). Among the 157 patients, two cases of subclinical hypothyroidism were detected (1.27%); thyroid-stimulating hormone levels were < 10 μU/mL but they normalized in 3
months without no interventions. The most important results
obtained are summarized in Table 3.

Discussion
The availability of HAART has shifted concerns regarding the management of HIV-infected patients. The disease
now resembles a chronic condition in which the long-term
effects of antiretroviral treatment have gained considerably
in importance. These effects are of particular consequence in
children with HIV, who are expected to have a lengthy survival. As clinicians involved in the care of these patients, we
were prompted to review the treatment protocols used in our
children to take these aspects into consideration, one, such
aspect being antiretroviral-related metabolic disturbances.
As the first step in this task, we set out to define the metabolic
status of our patients, which can be affected by antiretroviral therapy and have future implications on cardiovascular
health.
In keeping with the findings from recent studies (1–11),
significant metabolic disorders were detected in a substantial
percentage of vertically HIV-infected Spanish children and
adolescents. The main factor that was significantly associated with fat redistribution on multivariate analysis was d4T
exposure, as has been reported elsewhere (4, 23, 24), although
it was more common in Tanner stage ≥ 4 adolescents and in
those with longer exposure to HAART (3–5, 8, 22). The high
exposure to d4T at the time of the study can be explained by
the older median age of the cohort. Many patients had developed resistances and were receiving antiretroviral rescue
therapy, including d4T. Our findings support the notion that
d4T should be avoided whenever possible in HIV-infected
patients, and confirm that it is a significant risk factor for metabolic disorders and abnormal fat distribution (22, 25).

Of note, although the duration of interruption was lengthy
in our cohort, the number of patients on structured HAART
interruption was small and there were no significant differences in fat distribution patterns between these patients and
those receiving HAART.
Regarding dyslipidemia, it is of interest that individuals
with hypercholesterolemia had better immunological status
and virological control, which may reflect better adherence
to HAART and could be a sign of immune reconstitution
(11, 14).
The percentage of patients with impaired fasting glucose
was high in our cohort, but in accordance with the results
reported by Aldrovandi et al. (2). Other studies have reported
lower percentages, although this may be attributable to the
lower cut-off we used of 100 mg/dL instead of 120 mg/dL
(18). This could correspond to a pre-diabetic stage, but oral
glucose tolerance testing was not performed so prediabetes
cannot be assumed. Our patients also showed a high prevalence of insulin resistance (19.9%) compared to some previous findings (26, 27), but again, other authors have reported
similar values (4). In any case, the high values we found may
be related to the relatively older median age of our cohort,
greater Tanner stage, and the prevalence of fat redistribution.
Insulin resistance was only related to current d4T use and
HCV co-infection on multivariate analysis. If we had used
an alternative cut-off of 3.16 for elevated HOMA-IR, as
proposed by Tresaco et al. (19), the percentage would have
increased to 29.1%. This suggests that a lower HOMA-IR
cut-off will enable early identification of metabolic syndrome
in children at risk (18).
HIV-infected patients are prone to thyroid dysfunction and
regular assessment is recommended in this population (28) as
subclinical hypothyroidism has been associated with increased
cardiovascular risk (29, 30). In our cohort, however, only two
cases of subclinical hypothyroidism were detected, and hormone levels normalized spontaneously within 3 months in
both cases.
The strength of our study resides in the characteristics of the
cohort: the length of antiretroviral drug exposure and the sample size are the largest published in our setting. Furthermore,
the methods used in calculating the fasting profile were appropriate. An interesting finding was the emergent overweight and
obesity rate in our cohort, with 8.4% of our patients affected
overall. Whereas HIV-infected children living in industrialized countries are healthier and malnourishment has become
uncommon, obesity is a global pediatric trend (12, 13) that
adds to cardiovascular risk due to the virus itself and the sideeffects of antiretroviral treatment.
The cross-sectional design is an obvious limitation of our
study, as is its retrospective nature, which is the reason why
waist circumference, an independent predictor of insulin
resistance in children, and blood pressure were not routinely
measured. Thus, the prevalence rate of metabolic syndrome
could not be established in our cohort (18). These data will
soon be available in a prospective study including the entire
cohort. In addition, the assessment of fat redistribution was
based on clinical criteria; therefore, a quantitative assessment
is not provided. Nonetheless, when clinical assessment is
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35 (55.6%)/
28 (44.4%)
45 (71.4%)
– 0.2 ± 1.1
8 (12.6%)
< 50
( < 50 –1600)
32.6 ± 10.2
11.5 ± 3.2
59 (93.7%)
32 (50.8%)
57 (90.5%)
31 (49.2%)
59 (93.7%)
6 (9.5%)
51 (81.0 %)
17 (27.0 %)

59 (62.8%)/
35 (37.2%)
34 (36.2%)
– 0.2 ± 1.0
7 (7.4%)
< 50
( < 50 –1300)
33.3 ± 9.4
6.9 ± 5.0
70 (80.5%)
48 (55.2%)
55 (63.2%)
40 (46%)
49 (56.3%)
6 (6.9%)
74 (85.1%)
29 (33.3%)

Normal
(n = 94)

0.692f
< 0.001*,f
0.030*,d
0.622d
< 0.001*,d
0.742 d
< 0.001*,d
0.560d
0.515d
0.474d

< 0.001*,d
0.836f
0.283d
0.979e

0.408d

p-Value
16 (53.3%)/
14 (46.7%)
17 (56.7%)
0.1 ± 1.4
7 (23.3%)
< 50
(<50 –2600)
31.1 ± 11.0
9.6 ± 4.5
26 (86.7%)
16 (53.3%)
23 (76.7%)
13 (43.3%)
23 (76.7%)
6 (20.0 %)
26 (86.7%)
9 (30.0 %)

72 (59.5%)/
49 (40.5%)
60 (49.6%)
– 0.2 ± 0.9
7 (5.8%)
< 50
( < 50 –325)
33.6 ± 9.1
8.7 ± 5.03
98 (86%)
62 (54.4%)
84 (73.7%)
54 (47.4%)
81 (71.1%)
6 (5.3%)
93 (81.6%)
33 (28.9%)
0.236e
0.376e
1.000d
1.000d
0.818d
0.837d
0.650d
0.019*,d
0.599d
1.000d

0.544d
0.872e
0.008*,d
0.613e

0.543d
17 (45.9%)/
20 (54.1%)
16 (43.2%)
– 0.4 ± 0.6
3 (8.1%)
< 50
( < 50 – < 50)
36.8 ± 7.8
9.4 ± 4.4
32 (86.5%)
28 (75.7%)
26 (70.3%)
15 (40.5%)
23 (62.2%)
1 (2.7%)
34 (91.9%)
11 (29.7%)

77 (64.2%)/
43 (35.8%)
63 (52.5%)
– 0.1 ± 1.1
12 (10.0 %)
< 50
( < 50 –2525)
31.9 ± 10.0
8.6 ± 5.0
97 (85.8%)
52 (46%)
86 (76.1%)
56 (49.6%)
85 (75.2%)
11 (9.7%)
91 (80.5%)
35 (31.0 %)

TC < 200 mg/dL
(n = 120)

TC ≥ 200 mg/dL
(n = 37)

p-Value

HOMA ≥ 4
(n = 30)

HOMA < 4
(n = 121)

Hypercholesterolemia

Insulin resistance

0.008*,e
0.601e
1.000d
0.002*,d
0.516d
0.351d
0.142d
0.295d
0.132d
1.000d

0.352d
0.114e
0.100d
0.002*,e

0.056d

p-Value

17 (43.6%)/
22 (56.4%)
19 (48.7%)
– 0.5 ± 0.9
3 (11.1%)
< 50
( < 50 –1600)
30.7 ± 10.2
10.1 ± 4.5
34 (87.2%)
29 (74.4%)
29 (74.4%)
16 (41.0 %)
26 (66.7%)
3 (7.7%)
35 (89.7%)
16 (41.0 %)

TG ≥ 150 mg/dL
(n = 39)

77 (65.3%)/
41 (34.7%)
60 (50.8%)
– 0.1 ± 1.1
5 (9.1%)
< 50
( < 50 –1450)
33.8.0 ± 9.5
8.3 ± 5.0
95 (85.6%)
51 (45.9%)
83 (74.8%)
55 (49.5%)
82 (73.9%)
9 (8.1%)
90 (81.1%)
30 (27.0 %)

TG < 150 mg/dL
(n = 118)

Hypertriglyceridemia

0.090e
0.029*,e
0.798d
0.003*
1.000d
0.456d
0.412d
1.000d
0.317d
0.111d

0.855d
0.078e
1.000d
0.317e

0.023*,d

p-Value

Values are expressed as: amedian (P25, p75); bmean ± standard deviation; cabsolute (percentage). Statistical tests: dFisher exact test; eMann-Whitney U-test; fStudent’s t-test. *Statistically significant:
p < 0.05. ART, antiretrovirals; AZT, zidovudine; BMI, body mass index, d4T, stavudine; HOMA, insulin resistance index; HVC, hepatitis C virus infection; NNTRI, non-nucleoside analog reverse
transcriptase inhibitor; PI, protease inhibitor; TC, total cholesterol level; TG, triglycerides.

Sexc
(female)
Tanner ≥ 4c
BMI Z-scoreb
HVCc
Viral loada,
copies/mL
CD4 + T cellsb
Time ART b, years
PI exposurec
Current PIc
NNRTI exposurec
Current NNRTIc
d4T exposurec
Current d4tc
AZT exposurec
Current AZTc

Abnormal
(n = 63)

Abnormal fat distribution

Table 3 Risk factors for abnormal fat distribution, insulin resistance and dyslipidemia (univariate analysis).
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performed by expert clinicians, a good correlation with dualenergy X-ray absorptiometer (DXA) measurements has been
reported, suggesting that physician- and patient-rated lipoatrophy reports might be useful surrogates for more expensive
measures of lipoatrophy (22, 31). Furthermore, interpretation
of DXA data in children is difficult because body composition varies considerably with age, sex, and pubertal status and
there are no pediatric reference data (31). In addition, DXA
cannot distinguish between subcutaneous fat stores and visceral fat (2, 32).
In summary, our data show that Spanish HIV-infected
children and young adolescents present the same metabolic complications as those reported in recent large studies in other settings. The increasing obesity rate in Spanish
HIV-infected children is also of great concern. Although we
have been aware of these complications since the first descriptions almost 10 years ago, there is still a lack of standardized criteria and guidelines for their management (33, 34).
Our data highlight and reinforce the need for the creation of
specific guidelines for this growing, unique population, that
include careful consideration of HAART-related toxicities,
promotion of healthy lifestyles, and early implementation of
other strategies to decrease cardiovascular risk.
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