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Abstract

Obesity, sedentary lifestyles, and antiretroviral therapies may predispose HIV-infected children to poor
physical fitness. Estimated peak oxygen consumption (VO2 peak), maximal strength and endurance, and
flexibility were measured in HIV-infected and uninfected children. Among HIV-infected children, anthro-
pometric and HIV disease-specific factors were evaluated to determine their association with VO2 peak.
Forty-five HIV-infected children (mean age 16.1 years) and 36 uninfected children (mean age 13.5 years)
participated in the study. In HIV-infected subjects, median viral load was 980 copies/ml (IQR 200–11,000
copies/ml), CD4% was 28% (IQR 15–35%), and 82% were on highly active antiretroviral therapy (HAART).
Compared to uninfected children, after adjusting for age, sex, race, body fat, and siblingship, HIV-infected
children had lower VO2 peak (25.92 vs. 30.90 ml/kg/min, p < 0.0001), flexibility (23.71% vs. 46.09%,
p = 0.0003), and lower-extremity strength-to-weight ratio (0.79 vs. 1.10 kg lifted/kg of body weight, p = 0.002).
Among the HIV-infected children, a multivariable analysis adjusting for age, sex, race, percent body fat, and
viral load showed VO2 peak was 0.30 ml/kg/min lower per unit increase in percent body fat ( p < 0.0001) and
VO2 peak (SE) decreased 29.45 ( – 1.62), 28.70 ( – 1.87), and 24.09 ( – 0.75) ml/kg/min across HAART expo-
sure categories of no exposure, < 60, and ‡ 60 months, respectively ( p < 0.0001). HIV-infected children had, in
general, lower measures of fitness compared to uninfected children. Factors negatively associated with VO2

peak in HIV-infected children include higher body fat and duration of HAART ‡ 60 months. Future studies
that elucidate the understanding of these differences and mechanisms of decreased physical fitness should be
pursued.

Introduction

Regular physical activity is linked to many positive
health outcomes with evidence of its multidimensional

benefits among children and adolescents.1 Active children
have greater levels of cardiovascular fitness when compared
to their nonactive counterparts.2 Most striking is the disparity
of fitness between healthy children and children with chronic
illnesses.3 Cardiovascular fitness in children with chronic
disease can positively impact disease-specific outcomes, yet
their medical conditions often marginalize them.4,5 Families,
caregivers, and medical providers often conservatively re-
strict the amount of physically demanding activities for these
children based on limited data.6,7 This approach to chronic
disease is compounded by the growing trend in the United

States in which most children are less active than the pre-
ceding generations,2,8–10 in part because of media-driven
sedentary behaviors.

Although researchers have examined the disparate levels of
fitness in some populations of children with chronic illness
including childhood cancer survivors11–16 and children with
cardiac and pulmonary dysfunction,17,18 little is known about
the physical fitness of children and adolescents living with the
human immunodeficiency virus (HIV). With the advent of
highly active antiretroviral therapy (HAART), HIV-infected
children have developed unfavorable metabolic profiles that
put them at risk for future cardiovascular disease.19–21 Al-
though the evidence is conflicting, some have speculated that
antiretrovirals (ARV) may be associated with mitochondrial
toxicity that impacts organs such as muscle and liver.22 Thus,
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HIV-infected children may be predisposed to deconditioning
due to a combination of both psychosociological and physio-
logical factors including a predisposition to a sedentary life-
style due to the nature of their disease and/or long-term
exposure to HAART.

Cardiometabolic risk factors and adiposity are prevalent
among HIV-infected children19–21 and exercise can help con-
trol some of these risks.1,2 We therefore sought to compare
peak oxygen consumption (VO2 peak), maximal strength and
endurance, and flexibility of HIV-infected and uninfected
children to determine if clinical and HIV-specific factors are
associated with physical fitness.

Materials and Methods

Subjects

HIV-infected subjects were recruited from the Pediatric
Special Immunology and Adolescent Health Clinics at the
University of Miami, Miami, FL between July 2005 and
December 2009. HIV infection was confirmed by repeatedly
positive serum enzyme-linked immunosorbent assays con-
firmed by Western blot assays, repeatedly positive HIV RNA
or DNA polymerase chain reaction (PCR) assays, or by HIV
culture. HIV-uninfected children were recruited from the
general pediatric population or were siblings of the patients.
At the time of recruitment, the HIV-infected children were
encouraged to ask uninfected friends or siblings to participate
in the protocol as voluntary subjects. All subjects (both in-
fected and uninfected) were eligible for this study if they were
without acute infection, were between 7 and 20 years of age,
were medically cleared to participate in the exercise testing
protocol, and were capable of following instructions. Prior to
enrollment, informed consent and assent were obtained from
the participants’ parents or legal guardians and the partici-
pant, respectively. This study was approved by the University
of Miami’s Human Subjects Research Office.

Anthropometric and clinical measurements

Demographic information was collected from patients’
clinic charts and/or questionnaires at testing. Anthropo-
metric measurements included height, weight, and hip and
waist circumference. Body weight was measured to the
nearest 0.1 kg and height was measured to the nearest 0.1 cm.
These values were used to calculate body mass index (BMI)
[weight (kg)/ height2 (m2)]. Age- and sex-specific BMI per-
centiles and z-scores were calculated based on the Centers for
Disease Control and Prevention (CDC) growth charts.23 Dual
energy X-ray absorptiometry (DXA) scans assessed body
composition and regionalization of body fat (GE/Lunar Prod-
igy, Madison, WI; enCORE 2006 software version 10.50.086)
using standard methods.24,25 Waist and hip circumferences
were measured using a nonstretchable plastic tape measure
according to standard methods.26 Waist and hip measurements
were taken three times and the average was determined. All
measures were taken by the same research dietician.

Fasting serum levels of total cholesterol, high-density li-
poprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-
cholesterol, triglycerides, glucose, insulin, and hemoglobin
A1c were measured on the HIV-infected participants after an
overnight fast and analyzed at the Diabetes Research Institute
Clinical Chemistry Laboratory at the University of Miami on a

Cobas 6000 analyzer (Roche Diagnostics, Indianapolis, IN)
using the manufacturer’s reagents and procedures. The ho-
meostatic model assessment of insulin resistance (HOMA-IR)
score was calculated: [fasting insulin (lU/ml) · fasting
glucose (mmol/liter)]/22.5.27

HIV-specific factors

For HIV-infected subjects, we collected HIV-specific factors
at the time of the study including CDC pediatric HIV disease
stage,28 CD4 T-lymphocyte percent, and plasma HIV-1 RNA
concentration by quantitative HIV-1 RNA PCR (Amplicor
HIV-1 Monitor test, Roche Diagnostic Systems, Branchburg,
NJ). Type of ARV [nucleoside reverse transcriptase inhibitors
(NRTIs), nonnucleoside reverse transcriptase inhibitors
(NNRTIs), and protease inhibitors (PIs) and duration of each
and of HAART (over the prior 60 months] were documented.

Physical fitness assessment

Physical fitness tests were performed at the University of
Miami Pediatric Cardiac Rehabilitation Program and over
two visits with at least 48 h rest between sessions. On the first
day, subjects completed upper and lower body strength,
flexibility, and muscular endurance. On the subsequent visit,
subjects completed the cardiorespiratory fitness test.

Cardiorespiratory fitness was determined indirectly by
VO2 peak. Each participant performed a metabolic stress test
to volitional exhaustion on a motor-driven treadmill. Partici-
pants were familiarized with the treadmill and protocol on a
visit prior to the actual exercise testing. The study utilized the
modified Balke protocol maintaining a constant speed of 3.3
mph with increasing grade elevation of 1 degree every minute
until the conclusion of the test.29 The VO2 peak value is esti-
mated from normative tables using the final stage that is
completed by the child on the treadmill. This protocol has
been validated in both adult and pediatric studies.30 The Rate
of Perceived Exertion (RPE) scale was used during the test to
assess perception of effort by the participant. VO2 peak was
achieved if the participant could not maintain workload, RPE
reached at least 17, or if the exercise physiologist adminis-
tering the test determined maximal effort had been reached.31

To evaluate upper and lower body strength, all participants
performed a 1-Repetition Maximum (1-RM) chest press and
leg press. Utilizing a modified protocol, each participant
completed three sets: (1) five repetitions at light weight, (2)
three repetitions at moderate weight, and (3) as many repe-
titions at a predicted near maximal weight.32 1-RM was cal-
culated using the Mayhew regression equation.32 Weight
values were selected and monitored by trained pediatric ex-
ercise physiologists and trainers.

Flexibility was assessed with the modified sit and reach test
that is validated for hamstring flexibility in both children and
adolescents.33 Standardized testing protocol is described by
the President’s Council on Exercise and used during this as-
sessment.34 The test was repeated three times and the best
value was recorded. Absolute values were converted to nor-
mative percentiles derived from the National Presidential
Fitness Program.34

Muscular endurance was evaluated by the sit-up test.
Standardized testing protocol is described by the President’s
Council on Exercise and used during this assessment.34 When
instructed, the subjects initiated the test and performed as
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many complete sit-ups as they could during a 60-s timed
period. Absolute values were converted to normative
percentiles derived from the National Presidential Fitness
Program.34

Statistical analysis

Multiple regressions examined the relationship between
HIV status (i.e., infected versus uninfected) and VO2 peak as
well as flexibility, sit-ups, and body strength. The same
methodology was used on a subset of the subjects (i.e., in-
fected) to examine the relationship between three HAART
therapy categories (i.e., no exposure, < 60 months, and ‡ 60
months) and VO2 peak. Both models controlled for age, sex,
race (black versus nonblack), and percentage of body fat.
Since some of the HIV-infected subjects recruited uninfected
siblings into the study, the statistical model that compared
HIV status groups also accounted for the nonindependence of
sibling pairs via the model estimation technique (i.e., General
Estimating Equations). The natural log of viral load was also
included in the model for HIV-infected subjects. Model sta-
bility and model assumption tenability were examined and
the individual predictive contribution of each independent
variable was described using several statistical criteria in-
cluding standard statistical tests, partial R2 squares, Cook’s D
statistic (i.e., influence analysis), and bootstrapped stepwise
regressions. Statistical computations were performed using a
combination of statistical software including SAS version 9.2,
JMP version 9.0 (SAS Institute, Cary, NC), and STATA version
8.2 (StataCorp, College Station, TX).

Due to the observational nature of this investigation, results
of the statistical test are given as exact probabilities (i.e.,
p values) and reflect the probability of encountering the
observed effect or one greater under the assumption that the

observed estimated error structure is valid and unbiased. To
evaluate the stability of the results, two statistical data per-
turbation techniques were employed. The first technique ex-
amined the results of generating 1000 bootstrap samples (i.e.,
subjects sampled with replacement) from the original obser-
vations and subsequently performing a stepwise regression
on each bootstrapped sample.35 The number of times each
independent variable entered the multiple regression equa-
tion over the 1000 samples was recorded. A forward selection
criterion was used with entry and retained p values set at 0.10
and 0.05, respectively. For the second technique, Cook’s in-
fluence statistic (i.e., D) for each observation was determined
from the residuals of both multiple regression models and
observations with the highest influence (10% of the data) were
dropped and the models reestimated. Dropping these obser-
vation ensures that the relationship observed in the full data
set was not an artifact resulting from a few overly influential
observations.

Results

We enrolled 45 HIV-infected and 36 uninfected controls.
HIV infection was acquired perinatally in 42 children and
horizontally in the remaining three. Unadjusted demo-
graphic, anthropometric, and fitness characteristics of the two
groups are shown in Table 1. The HIV-infected group was
older (16.1 years) than the uninfected group (13.5 years),
p < 0.0001, and had a greater proportion of blacks (78% vs.
39%, p = 0.0004). Based on normalized values, HIV-infected
subjects were significantly shorter in stature than uninfected
controls (height z-score –0.84 and –0.02, respectively, p =
0.003). Raw weight between the two groups was approxi-
mately equal (63.2 vs. 62.1 kg). However, uninfected subjects
were significantly heavier than HIV-infected subjects, with

Table 1. Unadjusted Demographic, Anthropometric, and Fitness Clinical Characteristics by HIV Status

HIV-infected Uninfected
Variable N = 45 N = 36 p-value*

Demographics
Age (years), mean (SD) 16.1 (2.66) 13.5 (3.01) < 0.0001
Sex (male), n (%) 24 (53) 22 (61) 0.48
Race (black), n (%) 35 (78) 14 (39) 0.0004

Anthropometrics—mean (SD)
Height (cm) 159.48 (9.70) 154.93 (13.46) 0.08
Height z-score - 0.84 (1.31) - 0.02 (1.14) 0.003
Weight (kg) 63.22 (17.98) 62.11 (23.65) 0.83
Weight z-score 0.16 (1.94) 1.03 (1.39) 0.03
BMI (kg/m2) 24.71 (6.38) 25.37 (7.50) 0.70
BMI z-score 0.60 (1.44) 1.05 (1.39) 0.20
Waist circumference (cm) 82.84 (13.62) 85.97 (15.91) 0.49
Hip circumference (cm) 93.81 (13.87) 95.75 (15.19) 0.65
Waist:hip ratio 0.88 (0.08) 0.90 (0.08) 0.59
Total body fat (%) 28.36 (13.01) 31.41 (13.29) 0.39

Fitness—mean (SD)
VO2 peak (ml/kg/min) 25.96 (6.33) 30.85 (6.53) 0.0006
Flexibility (%) 24.29 (22.12) 45.37 (27.18) < 0.0001
Muscular endurance, sit-ups (%) 13.55 (12.79) 17.03 (17.15) 0.30
Upper body strength ratio (1-RM/kg) 0.54 (0.23) 0.50 (0.20) 0.30
Lower body strength ratio (1-RM/kg) 0.89 (0.47) 0.98 (0.44) 0.33

*p-values were adjusted by siblingship.
BMI, body mass index.
RM, repetition maximum.

114 SOMARRIBA ET AL.



normalized weight z-scores of 1.03 and 0.16, respectively,
p = 0.03. VO2 peak was higher in the uninfected group
(30.85 ml/kg/min) compared to HIV-infected subjects
(25.96 ml/kg/min, p = 0.0006). Flexibility was also higher in
the uninfected group (45.37 vs. 24.29 %-ile, p < 0.0001).

HIV disease-specific and metabolic characteristics for HIV-
infected subjects are shown in Table 2. Forty-two percent
(n = 19) of the HIV-infected subjects had viral loads less than
400 copies/ml [median viral load = 980; interquartile range
(IQR) = 200–11,000] and the median CD% was 28% (IQR = 15–
35%). Over one-quarter of the HIV-infected children had tri-
glyceride, LDL-cholesterol, and HDL-cholesterol values in the
abnormal range. Approximately 15% had abnormal hemo-
globin A1C levels.

Age, sex, race, percent body fat, and sibling-adjusted fitness
outcomes are compared between the HIV-infected and unin-

fected groups and are shown in Table 3 and graphically de-
picted in Fig. 1. Mean VO2 peak was lower in the HIV-infected
group (25.92 ml/kg/min vs. 30.90 ml/kg/min; p < 0.0001).
Flexibility and lower body strength ratio were also lower in the
HIV-infected group ( p = 0.0003 and p = 0.002, respectively).

For the HIV-infected group alone, we performed a multi-
variable analysis to determine factors that were indepen-
dently associated with VO2 peak (Table 4). Factors that were
considered for this analysis included anthropometric, body
composition measures, and HIV-specific variables, as previ-
ously defined. VO2 peak was negatively associated with
percent body fat (a 1% increase in body fat was associated
with a decrease of 0.30 ml/kg/min VO2 peak) ( p < 0.0001)
(Fig. 2). Percent body fat was the primary predictor of VO2

peak (partial R2 = 0.23) accounting for the majority of the total
explained variance (full model R2 = 0.51). Adjusted mean (SE)

Table 2. Clinical and Metabolic Characteristics of the HIV-Infected Children

HIV-specific disease characteristics

CDC stage, n (%)
Stage N 4 (9)
Stage A 10 (22)
Stage B 18 (40)
Stage C 13 (29)

CD4 %, median (25th, 75th) 28 (15–35)
Viral load (copies/ml), median (25th, 75th) 980 (200–11,000)
Viral load (copies/ml) < 400, n (%) 19 (42)

Antiretroviral therapy exposures Never exposed Exposed < 60 months Exposed ‡ 60 months

NRTI, n (%) 4 (9) 9 (20) 32 (71)
NNRTI, n(%) 21 (47) 20 (44) 4 (9)
PI, n (%) 9 (20) 16 (36) 20 (44)
HAART, n (%) 8 (18) 9 (20) 28 (62)

Metabolic characteristics N Median IQR Percent abnormal

Glucose, fasting (mg/dl) 37 79 72–88 5.40a

Insulin, fasting (MIU/ml) 26 9 6–13 19.23a

Hemoglobin A1C (%) 27 5.2 5.1–5.7 14.81a

Cholesterol (mg/dl) 38 146.5 126–167 13.15b

Triglycerides (mg/dl) 38 87 62–113 28.95b

HDL-cholesterol (mg/dl) 33 43 35–46 39.39b

LDL-cholesterol (mg/dl) 33 77 62–108 25.80b

HOMA-IR 25 1.60 1.24–2.83 12.00c

aAs determined by reference laboratory; glucose ‡ 100 mg/dl, insulin > 25 MIU/ml, hemoglobin A1C ‡ 6.1%, HOMA-IR > 4.
bReference 78.
cReference 79.
IQR, interquartile range; HAART, highly active antiretroviral therapy; HOMA-IR, homeostatic model assessment of insulin resistance;

LDL, low-density lipoprotein; HDL, high-density lipoprotein; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, nonnucleoside
reverse transcriptase inhibitor; PI, protease inhibitor.

Table 3. Adjusted Physical Fitness Measures by HIV Status

HIV-infected Uninfected
Physical fitness measure (estimated mean, SE) (N = 45) (N = 36) p-value

VO2 peak (ml/kg/min) 25.92 (0.79) 30.90 (0.80) < 0.0001
Flexibility (%) 23.71 (3.07) 46.09 (4.71) 0.0003
Muscular endurance, sit-ups (%) 13.75 (2.29) 16.78 (2.11) 0.39
Upper body strength ratio (1-RM/kg) 0.51 (0.04) 0.54 (0.03) 0.66
Lower body strength ratio (1-RM/kg) 0.79 (0.07) 1.10 (0.07) 0.002

Means adjusted by age, sex, race, percent body fat, and siblingship.
RM, repetition maximum.
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VO2 peaks were 29.45 ( – 1.62), 28.70 ( – 1.87), and 24.09
( – 0.75) ml/kg/min for no exposure, < 0 months, and ‡ 60
months of HAART exposure, respectively ( p < 0.0001). The
HAART effect accounted for approximately 12% of the total
variation in VO2 peak. Figure 3 gives a distributional com-
parison for adjusted VO2 peak by duration of HAART ther-
apy. Since the duration of HAART therapy was ordered, the
overall effect was tested for trend (assuming equal spacing)
using orthogonal polynomials. The linear component ac-
counted for 74% of the total variation attributable to the
HAART duration effect ( p = 0.03). The remaining variation
left over for the quadratic term (i.e., lack of fit) was nonsig-
nificant ( p = 0.42).

Although additional information was available for NRTI,
NNRTI, and PI therapy duration, including the individual
classes of ARVs in the statistical model created a high degree
of multicollinearity with HAART (i.e., whole part relation-

ships). Furthermore, the overall effect on VO2 peak was
higher when HAART was considered since HAART effec-
tively constitutes the principal component of the other ARV
therapies.

For the dependent variable VO2 peak, over the 1000 boot-
strapped stepwise regressions, HIV status and HAART en-
tered and remained in their respective multiple regression
models over 97% of the time. When 10% of the subjects were
dropped based on their degree of influence on the estimates of
the multiple regression models, the results (i.e., p-values,
partial correlations, adjusted means) remained virtually un-
changed. Further examination of the residuals indicated a
normal distribution with constant variance across all levels of
the predicted values.

Discussion

Cardiorespiratory fitness is one of the most widely used
measures of fitness and is a measure of overall physical health.
Our study shows that medically stable HIV-infected children
have lower cardiorespiratory fitness, flexibility, and lower
extremity strength than a contemporary cohort of healthy

FIG. 1. VO2 peak estimated mean by HIV status.

Table 4. Multivariable Determinants of VO2 Peak

(ml/kg/min) Among 45 HIV-Infected Children

Multivariable model

Variable (units) Estimate SE z-value p-value

Age (years) - 0.43 0.27 - 1.60 0.11
Sex (male vs. female) 2.72 1.64 1.66 0.10
Race (black vs. nonblack) 2.93 1.96 1.50 0.13
Body fat (percent) - 0.30 0.06 - 4.69 < 0.0001
HAART durationa

(months)
Never exposed ref ref ref ref
Exposed < 60 months - 0.75 2.62 - 0.29 0.77
Exposed ‡ 60 months - 5.37 1.71 - 3.13 0.002
Log viral load - 0.17 0.30 - 0.58 0.56

aNRTI and PI ‡ 60 months were also associated with lower VO2

peak [an estimate of 6.8 ml/kg/min decrease in VO2 peak for NRTI;
p = 0.0009 (compared to never exposed) and 5.2 ml/kg/min decrease
in VO2 peak for PI; p = 0.002 (compared to never exposed)].
However, including the individual classes of ARV in the model
was found to be collinear with HAART. Furthermore, the overall
effect in VO2 peak was higher when HAART was considered.

Other covariates considered for the model included CD4 percent,
metabolic laboratories, and other ARV classes.

HAART, highly active antiretroviral therapy.

FIG. 2. Relationship between VO2 peak and percent fat
among 45 HIV-infected children.

FIG. 3. VO2 peak estimated mean for HIV-infected children
by category of highly active antiretroviral therapy (HAART)
exposure.
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children. Higher body fat percentage and prolonged exposure
to HAART were independent clinical factors associated with
lower VO2 peak in HIV-infected children. While decreased
VO2 peak in HIV-infected children is consistent with other
studies of cardiovascular fitness in HIV-positive adolescents
and adults,36–38 decrements in cardiorespiratory fitness as
related to HAART exposure and body composition have not
been reported previously.

Cardiovascular disease is now the leading cause of mor-
tality for HIV-infected adults in developed nations39 with
ARVs associated with twice the risk of cardiovascular disease
when compared to treatment-naive patients.40 HIV-infected
children are at similar risk with studies showing higher rates
of cardiovascular disease risk factors among HIV-infected
children compared to controls.19,41,42 Low physical function-
ing may either contribute to cardiovascular risk43,44 or be a
result of it.45 In our study, HIV-infected children who had
metabolic abnormalities including higher hemoglobin A1C,
triglycerides, and insulin were associated with lower VO2

peak, although these associations did not remain significant
when other factors, such as body fat and ARV exposures,
were accounted for (data not shown). Physical activity inter-
ventions that increase VO2 peak can improve some of these
cardiovascular disease risk factors in HIV-infected pa-
tients46,47 and can be an important adjunct therapy with
medications.48

We found that higher body fat is independently associated
with lower physical functioning. This is not an unexpected
finding.49 However, HIV-infected children are at particular
risk for changes in body fat distribution and trunk adiposity
when compared to their non-HIV-infected peers.19,50,51 This
body fat distribution, in turn, is associated with cardiovas-
cular disease risk 52,53 as well as some antiretroviral thera-
pies.50 HIV-infected children and young adults also have an
increased prevalence of overall obesity54,55 that follows con-
temporary patterns.56 The extent to which low physical ca-
pacity and fitness contribute to higher levels of adiposity or
are a result of it cannot be determined by our analyses. Since
sedentary activities such as television viewing and video
games are correlated with obesity,57 decreased physical
activity,58 and lower exercise capacity,59 interventions that
modify these habits could alter the trajectory that HIV-
infected children are following, which is similar to their
noninfected peers.

Duration of HAART was independently associated with
lower exercise capacity in HIV-infected children. We also
found that greater exposures to NRTIs and PIs affected VO2

peak. These exposures were highly correlated with each other
and with HAART. We found the best overall predictor of
lower VO2 peak was HAART exposure. Antiretroviral agents
impact mitochondrial function through a number of different
mechanisms.60–65 NRTIs cause mtDNA polymerase-c inhibi-
tion and/or mtRNA depletion, which lead to impaired OX-
PHOS, altered ATP levels, cell apoptosis, and peripheral
subcutaneous lipoatrophy with or without visceral fat accu-
mulation. Protease inhibitors lead to inhibition of Glut4,66

insulin resistance,67 inhibition of transcription factors,68 cel-
lular apoptosis,65 lipoprotein lipase inhibition,68,69 and de-
creased adipocyte differentiation.70 NNRTIs such as efavirenz
can suppress lipogenic pathways of adipocytes in vitro.71

Since mitochondria are the major source of energy for skeletal
muscle, mitochondrial dysfunction can affect exercise per-

formance in other disorders.72–75 Some reports show this as-
sociation in HIV-infected adults,76 although other studies
have not found this to be true.77 We did not measure lactate
levels that might indicate mitochondrial dysfunction. Since
HAART exposure includes simultaneous exposures to mul-
tiple drugs from different classes, it is difficult to ascertain the
specific effects from each class or specific agent in our study.
Larger studies may be able to explore this.

This study was primarily a convenience sample and the
HIV cohort was not strictly matched with controls. Although
the results were adjusted for age, sex, and race, a priori
matching of controls to HIV-infected participants on these
characteristics may yield different results. The results are
specific to the children in one center, however, the demo-
graphic profile of HIV-infected children is often consistent
across centers, with greater than 50% being black, non-
Hispanic. This study cannot define causality because of its
cross-sectional design. We have tried to account for clinical
factors associated with the outcomes, but it is possible that
there are other factors, such as poor general health or
sedentary lifestyle, that influence the outcomes and may
influence our reported associations.78,79 The results pre-
sented above show findings should be investigated in larger
studies.

In summary, we evaluated the relationship between HIV
infection and physical fitness in children and found that
HIV-infected children have lower VO2 peak, body strength,
and flexibility. These findings provide evidence that children
with HIV infection are less physically fit than healthy peers.
Factors associated with decreased VO2 peak in HIV-infected
children include increased total body fat percentage and
greater duration of HAART. HAART may induce muscle
and metabolic abnormalities that contribute to decreased
exercise performance. Physical activity interventions may
improve fitness and potentially decrease cardiovascular risk
in HIV-infected children and should be considered as part of
medical management.
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