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Abstract/Résumé

HIV infection and its treatment is associated with unfavourable metabolic and morphologi-
cal abnormalities. These metabolic abnormalities, particularly alterations in body compo-
sition and fat distribution, may increase the risk for cardiovascular and metabolic compli-
cations, as well as reduce functional independence and lower self-esteem. Thus there is an
urgent need to develop interventions intended to manage secondary side effects of HIV or
antiretroviral therapy-related complications. In poly-treated patients, nonpharmacological
interventions are a logical first step. Exercise training in particular may help alleviate
some of the metabolic adverse effects associated with antiretroviral therapy by favourably
altering body composition and patterns of body fat distribution. Studies have shown that
exercise training, particularly aerobic training, can help reduce total body and visceral fat,

as well as normalizing lipid profiles in HIV-infected patients. The results for resistance
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training, however, are less conclusive. Knowledge of the use of resistance and aerobic training
and its attendant effects on insulin resistance and adipocytokines may represent an effective
nonpharmacologic means for treating metabolic complications of HIV-infected persons who
are receiving appropriate antiretroviral therapy. In this brief review we examine the effects
of aerobic and resistance training on body composition, body fat distribution, and selected
metabolic outcomes.

On associe l'infection a VIH et a son traitement a des anomalies métaboliques et
morphologiques désavantageuses. Ces anomalies métaboliques, en particulier les altérations
de la composition corporelle et la répartition des graisses, augmentent le risque de compli-
cations métaboliques et cardiovasculaires et entrainent une diminution de I'autonomie
fonctionnelle et de I'estime de soi. Il est impératif d’élaborer des plans d'intervention afin
d’atténuer les effets secondaires du VIH et des complications associées au traitement
antirétroviral. Chez les patients sous thérapie multiple, les interventions non pharmaco-
logiques constituent la premiere étape. L'entrainement physique contribue a I'amélioration
de certains effets secondaires métaboliques associés au traitement antirétroviral en modifiant
favorablement la composition corporelle et la répartition des graisses. D’aprés de
nombreuses études, I'entrainement physique, et surtout I'entrainement aérobie, s’avere
efficace dans la réduction des graisses corporelles et viscérales et dans la normalisation du
profil lipidique des patients infectés au VIH. Les observations concernant I'entrainement a
la force sont moins concluantes. Une meilleure connaissance de I'entrainement aérobie et
de I'entrainement a la force et de ses effets sur I'insulinorésistance et sur les adipocytokines
devrait permettre de constituer un traitement non pharmacologique efficace des complica-
tions associées a la thérapie antirétroviral chez les patients infectés au VIH. Dans ce court
article-synthése nous analysons les effets de I'entrainement aérobie et de I'entrainement a
la force sur la composition corporelle, la répartition des graisses, et sur certaines adapta-
tions métaboliques.

Introduction

The introduction of highly active anti-retroviral therapy (HAART) in the 1990s
has dramatically reduced the incidence of opportunistic infections and decreased
the mortality and morbidity associated with HIV infection. HAART has reduced
AIDS-related mortality in HIV-infected patients by inducing favourable virologi-
cal control and by increasing immunological response (CD4 lymphocyte count)
and clinical effects (reducing the incidence of opportunistic infection, length of
hospitalization). With the current available antiretrovirals, an optimal virological
control could be obtained in most HIV-infected patients. Antiretroviral therapy is
usually followed by progressive improvements on the infected person’s immune
status (Pallela, 1998; Portsmouth et al., 2003).

Despite significant benefits associated with HAART, HIV infection and its
therapy has been associated with the development of several metabolic complica-
tions. These include: increased central adiposity, peripheral lipoatrophy, periph-
eral insulin resistance, diabetes, dyslipidaemia and hypertriglyceridemia, osteoporo-
sis and osteopenia (Carr et al., 1998; Martinez et al., 2001; Safrin and Grunfeld,
1999). These complications may predispose patients to premature risk of meta-
bolic and cardiovascular diseases. For example, several studies have shown pre-
mature atherosclerosis (Flynn and Bricker, 1999; Henry et al., 1998) and an in-
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crease in cardiovascular mortality in HIV-infected patients (Mary-Krause et al.,
2001). Therefore HIV-infected patients undergoing antiretroviral therapy for ex-
tended periods of time may be at increased risk for metabolic and cardiovascular
complications (Barbaro, 2003).

Issues of Fat Redistribution

One important complication associated with HAART is the lipodystrophy syn-
drome, which may complicate the treatment of HIV-related problems. The general
features of this complex syndrome include loss of fat, frequently observed in the
face, arms, and legs (subcutaneous lipoatrophy); the accretion of adipose tissue in
the abdomemand dorsocervical sping(lipohypertrophy); and sporadic lipomas.

The etiology of the lipodystrophy, however, remains enigmatic. Earlier works sup-
ported an association between problems of fat redistribution with the use of pro-
tease inhibitors (Carr et al., 1998). However, subsequent studies also showed simi-
lar problems with non-nucleoside reverse transcriptase inhibitors (Lo et al., 1998).
Still other researchers suggest that the duration of HIV infection, CD4 cell count
nadir, and sex and race may play contributing roles. Although the antiretroviral
drugs may be considered a major risk factor in the development of lipodystrophy,
further research is needed in order to identify which antiretroviral regimen may
aggravate problems of lipodystrophy development.

Presently the management of lipodystrophy has been problematic, and to
date there have been no clinically proven therapies (Currier, 2000). It is well estab-
lished, however, that exercise training may be effective in reducing obesity related
abnormalities such as those observed in the metabolic syndrome. Partial evidence
for this assertion is that exercise training on body fat and central fat has been
extensively studied in individuals who are not HIV-infected. The general consen-
sus is that when total volume of exercise is high enough and prolonged over an
extended period of time, reductions in total and central body fat are observed which
coincides with improvements in body composition (Ross et al., 2000). These
findings have raised the possibility that exercise training may be a valuable
nonpharmacological intervention for treating lipodystrophic disorders in HIV-
infected patients.

Thus, increased attention has been directed toward exercise training as a
beneficial lifestyle addition in the treatment regimen of HIV-positive individuals.

It is possible that exercise training may contribute to an amelioration of certain
metabolic adverse effects associated with antiretroviral therapy by favourably al-
tering patterns of body fat distribution. In addition, it has been shown that exercise
training in HIV-infected individuals is safe and does not significantly increase
circulating HIV RNA or decrease CD4 counts (Smith et al., 2001; Stringer et al.,
1998). Thus the purpose of this review is to evaluate the reported role of exercise
training on metabolic and body composition factors associated with lipodystrophy
in HIV-infected individuals. We will consider the role of aerobic and resistance
training and their potential effects on body composition and body fat distribution
in HIV-infected individuals. These studies and their principal conclusions are sum-
marized in Table 1. Greater detail in the discussion of these studies is provided in
the following sections.
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RESISTANCE TRAINING

Resistance training offers the possibility of increasing fat-free mass and reducing
fat mass, but its effects on central body fat are controversial. Yarasheski et al.
(2001) examined the effects of 64 sessions of resistance training on body compo-
sition and plasma lipids in 18 asymptomatic HIV-infected male volunteers. Body
composition was measured with dual energy x-ray absorptiometry (DXA), and
thigh muscle area with axial proton-magnetic resonance imaging. None of these
subjects, however, were categorized as lipodystrophic.

All 18 volunteers were on HAART. Whole-body lean and trunk adipose mass
increased by 2.5% (1.4 kg) and 2.6% (0.2 kg), respectively, but there was no change
in whole-body adipose mass. Measures of thigh muscle cross-sectional area in-
creased by 7.3%. Yarasheski et al. (2001) also noted a significant decrease in fast-
ing triglycerides, but no changes in total cholesterol, HDL-cholesterol, LDL-cho-
lesterol, or fasting insulin. They noted that the decrisasiglyceride levels was
greatest in subjects with the highleaseline triglyceride levels. Interestingly, they
noted a trend in which the increase in fat-free mass was associated with a decline
in fasting triglycerides, suggesting that this tissue may be responsible for increased
clearance of triglycerides. This study suggests that progressive resistance training
may be an effective lifestyle intervention to prevent AIDS-related wasting.

In another study, Roubenoff et al. (1999a) showed that individuals who par-
ticipated in an 8-week resistance training program showed a significant increase in
fat-free mass (FFM) and a decrease in fat mass (FM), as measured by DXA. This
increase in FFM was maintained even after 8 weeks of self-slected activity; how-
ever, there was a regain in FM (1 kg). An interesting subanalysis revealed that 6
patients with AIDS-related wasting had a slightly higher gain in FFM and FM.
Roubenoff et al. (1999a) suggested that progressive resistance training is an effec-
tive intervention for enhancing FFM and potentially decreasing fat mass in indi-
viduals suffering from the effects of AIDS wasting.

AIDS-related wasting is associated with a decline in physical functioning. A
relevant question is whether the reported changes in body composition and body
fat distribution translate into improved physical functiBoubenoff and Wilson
(2001) examined the effects of 8 weeks of resistance training in wasted and
nonwasted patients on a validated physical function scale and body composition.
Body fat distribution was not evaluated in their study. Interestingly, wasted and
nonwasted patients did not differ at baseline with respect to physical function scores.
The resistance training program increased physical functioning in the wasted pa-
tients but not in the nonwasted patients. Roubenoff and Wilson found that the
increase in fat-free mass and change in muscular strength were two independent
predictors of the increase in physical function. These results confirm and extend
the previous studies of resistance training in that improvements in strength and
fat-free mass translate into favourable changes in physical functioning.

RESISTANCE TRAINING AND DIET

Several studies have examined the combined effects of resistance training and a
dietary intervention on metabolic outcomes. For example, in a case report study,
Roubenoff et al. (2002) examined the effects of 4 months of resistance training
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and a moderate-fat/ low glycemic index/ high fiber diet on several aspects of lipo-
dystrophy. The patient was a 44-year-old Caucasian man who was treated with
antiretroviral triple therapy. The most remarkable finding was the reduction in
visceral fat as measured by computed tomography: a 52% decrease in visceral fat
and a 43% decrease in total abdominal fat. Concomitant with these positive changes
in central fat indicators, favourable changes were noted in the lipid profile.
Roubenoff et al.’s study showed that diet and exercise therapy can reverse some of
the metabolic changes associated with lipodystrophy.

Agin et al. (2001) examined the singular and combined effects of whey pro-
tein and resistance training on body cell mass and quality of life in women with
HIV who were classified as wasted. Theirs was one of the few studies performed
exclusively on women. They tested the hypothesis that an additional supplement
of whey protein may augment the increases in body cell mass. Contrary to their
hypothesis, whey protein and resistance exercisaatidugment the increase in
body cell mass vs. resistance training alone. Thus Agin et al.’s results do not favour
the notion that combined protein supplementation with resistance training aug-
ments body cell mass in wasted patients. Similar to other studies, quality-of-life
indicators improved after a 14-week exercise program. Despite the absence of an
effect of the protein supplementation, it should be noted that resistance training
increased muscular strength, body cell mass, and quality of life.

AEROBIC TRAINING

Aerobic training offers the potential advantages of increasing cardiovascular fit-
ness and high levels of energy expenditure that may have a favourable impact on
reducing body fatness. Smith et al. (2001) examined the effects of aerobic training
only on body weight, body composition, and general fatigue. Sixty volunteers were
randomized either to a 12-week aerobic training program or a control condition
(usual physical activity). The aerobic training program consisted of 3 days of exer-
cise per week at 60 to 80% oOymnax. Body composition was estimated from
subcutaneous skinfolds, and body fat distribution from circumference. Smith et al.
observed that body weight decreased by approximately 1 kg. The change in body
weight was also accompanied by reductions in skinfolds (i.e., a proxy measure of
subcutaneous body fat) and a reduction in waist circumference (a proxy measure
of central body fat). As expected, aerobic fitness increased and measures of fatigue
decreased. No changes were noted in CD4 cell count or viral load. These results
suggest that aerobic training of moderate duration is effective in reducing subcuta-
neous and central body fat, as well as enhancing quality of life by decreasing mea-
sures of fatigue.

Thoni et al. (2002) examined the effects of 4 months of aerobic training in
lipodystrophic and dyslipidemic adults. Abdominal adipose tissue, visceral adi-
pose tissue, and subcutaneous adipose tissue were determined by computed to-
mography. Thoni et al. noted a mean reduction of 12icwisceral fat after train-
ing, whereas subcutaneous abdominal adipose tissue did not change significantly.
No changes were noted in body composition as measured from DXA. Concomi-
tant with the changes in visceral fat, aerobic training reduced total cholesterol and
fasting triglycerides, and increased HDL-cholesterol, but no changes were noted
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in LDL-cholesterol or insulin resistance as estimated by the HOMA index. The
decline in visceral fat was related to improvements in the lipid profile. Thoni et
al.’s results support the fact that moderate aerobic training reduces central adipos-
ity, and these favourable changes led to a reduction in cardiovascular risk factors
in the HIV patients.

Stringer et al. (1998) studied the effects of 6 weeks of aerobic training on
aerobic fithess and quality of life in HIV patients. They examined two levels of
exercise, moderate and heavy intensity, on quality-of-life indicators. In all, 77% of
the patients completed the study. All but two were on antiretroviral therapy. The
more intense exercisers, as expected, had a greater % incre@smax\than the
moderate exercisers and the control group. No changes were noted in immune
function. Quality-of-life indicators improved in both the moderate and intense
exercise groups, but there were no differences between groups. This study basi-
cally documents the fact that moderate and heavy exercise is a safe intervention
for HIV patients and can markedly improve quality-of-life indicators.

In a cross-sectional study, Gavrila et al. (2003) examined the interrelation-
ships among habitual exercise levels and the presence of metabolic abnormalities
using bivariate and multivariate regression analyses in 120 subjects. Diet was evalu-
ated using a food frequency questionnaire which allowed Gavrila et al. to estimate
the level of energy, macro- and micronutrients, and food-group consumption. The
exercise questionnaire evaluated the intensity, type, frequency, and duration of
exercise. Metabolic measurements included fasting serum glucose, insulin and lipid
levels, as well as insulin resistance. Visceral adipose tissue and subcutaneous adi-
pose tissue were measured using computer tomography scan. Fasting triglyceride
levels were negatively associated with total exercise index.

No relationship was found between total or aerobic exercise and fasting LDL,
HDL, and total cholesterol in the entire group or in any of the fat redistribution
subgroups. Interestingly, vitamin E intake was inversely associated with lower
diastolic blood pressure in HIV-positive subjects. These cross-sectional results
preclude conclusions regarding causality, but suggest that the higher exercise lev-
els are associated with reduced manifestations of the metabolic syndrome in HIV
patients.

COMBINED RESISTANCE AND AEROBIC TRAINING

Two studies have investigated the effects of combined resistance and aerobic training
on body composition in HIV-infected patients. Roubenoff et al. (1999b), in an
open-labeled pilot study, examined the effects of resistance training performed for
16 weeks, 3 times per week with an aerobic component: 20 minutes on treadmill
or stationary bicycle. Fourteen men with an increased abdominal girth enrolled in
the study and 10 completed it. At the end of 16 weeks of exercise, there was a
significant decline in total body fat by 10% as well as a 13% decline in trunk fat,
whereas lean body mass slightly increased. Roubenoff et al. concluded that a com-
bined aerobic and resistance training program could reduce central body fat redis-
tribution in HIV-infected patients.

In the second study, Jones et al. (2001) exposed 6 HIV-positive individuals
with established lipodystrophy to 10 weeks of combined aerobic and resistance
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training. Several changes are noteworthy. First, body mass increased by 5.5% due
to an increase in FFM and decline in FM. The method for measuring body compo-
sition, however, was not specified. In addition, Jones et al. noted a 4.7% decrease
in waist-to-hip ratio, a proxy measure of central body fat distribution. These re-
sults suggest that combined aerobic and resistance training resulted in positive
changes in body composition and a reduction in central fat deposition. In addition,
arm and leg circumferences increased by 9% and 8%, respectively. These results
suggest that exercise training may be useful for offsetting AIDS-related wasting.
Additional positive changes in this study included a 17.6% decline in total choles-
terol and a 25% decline in fasting triglyceride levels. This study confirms the mag-
nitude of changes in body composition observed by Roubenoff et al. (1999b).

Conclusions Regarding Training Effects

The four studies (Agin et al., 2001; Roubenoff et al., 1999a; Roubenoff and Wil-
son 2001; Yarasheski et al., 2001) that examined the effects of the resistance train-
ing on body fat remain inconclusive (Table 2). One study showed that body fat
decreased by 9% (Agin et al., 2001), whereas two studies showed no change in
body fat (Roubenoff et al., 1999a; Yarasheski et al., 2001). However, another study
observed a 12% increase in body fat in wasted patients and an 8% decrease in
nonwasted patients (Roubenoff and Wilson, 2001). Based on these studies, it is
difficult to conclude the directionality of changes in body fat with resistance train-
ing and its influences on fat mass in HIV-infected patients. However, in the study
of Roubenoff and Wilson (2001), the enhancing effect of body fat in wasted pa-
tients suggests that exercise may be perceived as improving the precision of en-
ergy balance regulation around a given body weight set point.

The effects of aerobic training on body fatness, however, are somewhat more
conclusive. Two studies reported results of the effects of aerobic training on body
fat (Smith et al., 2001; Thoni et al., 2002) (Table 3). For example, Smith et al.
(2001) showed a decrease in skinfolds in HIV-infected patients who enrolled prior

Table 2 Changes in Total Body and Trunk Fat After Resistance Training

Reference Method Variables % Change
Yarasheski et al. (2001) DXA Body fat 0%
Trunk fat 2.6%
Roubenoff et al. (2002) DXA Body fat 0%
Roubenoff et al. (1999a) DXA Body fat (wasted group) 12%
Body fat (nonwasted group) —-8%
Agin et al. (2001) DXA Body fat —-9%

Note DXA = dual energy x-ray absorptiometry.



10 <« Malita, Karelis, Toma, and Rabasa-Lhoret

Table 3 Changes in Total Body and Visceral Fat After Aerobic Training

Reference Method Variables % Change
Smith et al. (2001) Skinfolds Triceps -19%
Central -11%
Peripheral —24%
Thoni et al. (2002) CT TAT -13%
VAT -12%
SAT 0%

Note CT = computer tomography; TAT = total abdominal adipose tissue; VAT = visceral
adipose tissue; SAT = subcutaneous adipose tissue.

Table 4 Changes in Body Fat and Fat Redistribution After Aerobic and
Resistance Training Combined

Reference Method Variables % Change
Roubenoff et al. (1999b) DXA Body fat -10%
Trunk fat -13%
Jones et al. (2001) Not specified Body fat % —14%
Roubenoff et al. (2002)* DXA Fat mass -33%
CT Visceral fat -52%
Subcutaneous
abdominal fat -38%

Note DXA = dual energy x-ray absorptiometry; CT = computer tomography. *Case report
study using only one subject and adding a diet component in the combined aerobic and
resistance training.

to the widespread use of antiretroviral therapy, suggesting a decrease in total body
fatness. Thoni et al. (2002) reported a 13% reduction in total abdominal adipose
tissue as well as a 12% decrease in visceral adipose tissue, and no changes in
subcutaneous adipose tissue in HIV patients undergoing antiretroviral therapy.
Collectively these studies show that aerobic training could be useful in reducing
total fat mass and possibly visceral fat in HIV patients.

Two studies reported data on the effects of combined aerobic and resistance
training on body fat in HIV-infected patients with lipodystropldpries et al.,
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2001; Roubenoff et al., 1999b(Table 4). Roubenoff et al. (1999b) reported a
reduction of 10% body fat and 13% trunk fat in HIV-infected men with lipodystro-
phy. A second study (Jones et al., 2001) reported a 14% decrease in body fat %
after a 10-week study involving HIV-infected men and women with lipodystro-
phy.Roubenof et al. (2009 reported that when a diet component is added to the
combined aerobic and resistance training, major fat reductions are observed.
Thus, to date the available data suggest that combined aerobic and exercise
is more effective in reducing body fat and increasing lean body mass in HIV-
infected patients with lipodystrophy than exercise alone. Therefore, given the pat-
tern of body fat redistribution (lipoatrophy and lipohypertrophy) in HIV-infected
patients, we suggest that a combined regimen of aerobic and resistance training
could be incorporated with their medications. Although peripheral fat loss is not
desirable in HIV lipodystrophic patients with aerobic training, the combined ef-
fect of aerobic and resistance training may be useful in reducing fat accumulation
and increasing lean body mass, which could compensate for the peripheral fat loss.

FUTURE PERSPECTIVES

With the notion that a cure for HIV infection may not come soon, the management
of metabolic abnormalities associated with HIV infection and its treatment has
taken on added importance. Although a straightforward, pharmacological approach
is intuitively appealing, it is unlikely that a single agent will be effective in treating
the complex metabolic complications due to HIV infection and its therapy. Thus it
is imperative to consider the use of nonpharmacologic approaches to reduce, im-
prove, or prevent some HIV- or antiretroviral therapy-related complications. Knowl-
edge of the use of resistance and aerobic training and its attendant effects on insu-
lin resistance and adipocytokines may represent an effective treatment for meta-
bolic complications of HIV-infected persons receiving antiretroviral therapy.

We suggest the following scientific methodologies to improve our under-
standing of the role of exercise training on body composition in AIDS patients:

» More complete subject characterization (i.e., lipodystrophic or not) that clearly
defines the type of antiretroviral regimen and the medical condition of the
patient (i.e., wasted vs. nonwasted) prior to initiating the exercise program.

» Greater methodological precision in the assessment of body composition
and body fat distribution with the use, for example, of dual energy x-ray
absorptiometry and computed tomography.

» Rigorous experimental designs (i.e., randomized trials) that examine the ef-
fects of different exercise regimens vs. placebo conditions on major meta-
bolic and cardiovascular outcome variables.

» Experimental designs that may attempt to verify whether early initiation of
exercise in patients undergoing HAART can prevent lipodystrophy.

» Theinclusion of more direct measures of insulin sensitivity (i.e., clamp meth-
odology) to more fully examine the role of changes in body composition and
body fat distribution with alterations in insulin sensitivity.



12 « Malita, Karelis, Toma, and Rabasa-Lhoret

References

Agin, D., Gallagher, D., Wang, J., Heymsfield, S.B., Pierson, R.N., Jr., and Kaotler, D.P.
(2001). Effects of whey protein and resistance exercise on body cell mass, muscle
strength, and quality of life in women with HIXids 15: 2431-2440.

Barbaro, G. (2003). HIV infection, highly active antiretroviral therapy and the cardiovascu-
lar systemCardiovasc. Res60: 87-95.

Carr, A., Samaras, K., Burton, S., Law, M., Freund, J., Chisholm, D.J., and Cooper, D.A.
(1998). A syndrome of peripheral lipodystrophy, hyperlipidaemia and insulin resis-
tance in patients receiving HIV protease inhibitésls 12: F51-F58.

Currier, J.S. (2000). How to manage metabolic complications of HIV therapy: What to do
while we wait for answer@IDS Read.10: 162-169.

Flynn, T.E., and Bricker, L.A. (1999). Myocardial infarction in HIV-infected men receiving
protease inhibitorsAnn. Intern. Med. 131: 548.

Gavrila, A., Tsiodras, S., Doweiko, J., Nagy, G.S., Brodovicz, K., Hsu, W., Karchmer, A.W.,
and Mantzoros, C.S. (2003). Exercise and vitamin E intake are independently associ-
ated with metabolic abnormalities in human immunodeficiency virus-positive sub-
jects: A cross-sectional studylin. Infect. Dis. 36: 1593-1601.

Henry, K., Melroe, H., Huebsch, J., Hermundson, J., Levine, C., Swensen, L., and Daley, J.
(1998). Severe premature coronary artery disease with protease inhilatorst
351: 1328.

Jones, S.P., Doran, D.A., Leatt, P.B., Maher, B., and Pirmohamed, M. (2001). Short-term
exercise training improves body composition and hyperlipidaemia in HIV-positive
individuals with lipodystrophyAids 15: 2049-2051.

Lo, J.C., Mulligan, K., Tai, V.W., Algren, H., and Schambelan, M. (1998). “Buffalo hump”
in men with HIV-1 infectionLancet 351: 867-870.

Martinez, E., Mocroft, A., Garcia-Viejo, M.A., Perez-Cuevas, J.B., Blanco, J.L., Mallolas,
J., Bianchi, L., Conget, I., Blanch, J., Phillips, A., and Gatell, J.M. (2001). Risk of
lipodystrophy in HIV-1-infected patients treated with protease inhibitors: A prospec-
tive cohort studyLancet 357: 592-598.

Mary-Krause, M.C., Partisani, M., and Simon, A. (2001). Impact of tratment with protease
inhibitors on myocardial infarction occurence in HIV-infected nignograms and
Abstracts of the 8th Conference on Retroviruses and Opportunistic Infections
[Abstract 657].

Pallela, EJ., D.K., Moorman, A.C., Loveless, M.O., Fuhrer, J., Statten, G.A., Aschman,
D.J., and Holberg, S.D. (1998). Declining morbidity and mortality among patients
with advanced immunodeficiency virus infectidh.Engl. J. Med.338: 853-861.

Portsmouth, S., Stebbing, J., Gill, J., Mandalia, S., Bower, M., Nelson, M., and Gazzard, B.
(2003). A comparison of regimens based on non-nucleoside reverse transcriptase
inhibitors or protease inhibitors in preventing Kaposi's sarcaits 17: F17-F22.

Ross, R., Freeman, J.A., and Janssen, |. (2000). Exercise alone is an effective strategy for
reducing obesity and related comorbiditiEzerc. Sport Sci. Rev28: 165-170.

Roubenoff, R., McDermott, A., Weiss, L., Suri, J., Wood, M., Bloch, R., and Gorbach, S.
(1999a). Short-term progressive resistance training increases strength and lean body
mass in adults infected with human immunodeficiency vifiigs 13: 231-239.




Exercise and HIV-Infected Patients ¢ 13

Roubenoff, R., Schmitz, H., Bairos, L., Layne, J., Potts, E., Cloutier, G.J., and Denry, F.
(2002). Reduction of abdominal obesity in lipodystrophy associated with human
immunodeficiency virus infection by means of diet and exercise: Case report and
proof of principle Clin. Infect. Dis. 34: 390-393.

Roubenoff, R., Weiss, L., McDermott, A., Heflin, T., Cloutier, G.J., Wood, M., and Gorbach,
S. (1999b). A pilot study of exercise training to reduce trunk fat in adults with HIV-
associated fat redistributioAids 13: 1373-1375.

Roubenoff, R., and Wilson, |.B. (2001). Effect of resistance training on self-reported physi-
cal functioning in HIV infectionMed. Sci. Sports Exerc33: 1811-1817.

Safrin, S., and Grunfeld, C. (1999). Fat distribution and metabolic changes in patients with
HIV infection. Aids 13: 2493-2505.

Smith, B.A., Neidig, J.L., Nickel, J.T., Mitchell, G.L., Para, M.F., and Fass, R.J. (2001).
Aerobic exercise: Effects on parameters related to fatigue, dyspnea, weight and body
composition in HIV-infected adult&ids 15: 693-701.

Stringer, W.W., Berezovskaya, M., O’Brien, W.A., Beck, C.K., and Casaburi, R. (1998).
The effect of exercise training on aerobic fithess, immune indices, and quality of life
in HIV* patientsMed. Sci. Sports Exerc.30: 11-16.

Thoni, G.J., Fedou, C., Brun, J.F., Fabre, J., Renard, E., Reynes, J., Varray, A., and Mercier,
J. (2002). Reduction of fat accumulation and lipid disorders by individualized light
aerobic training in human immunodeficiency virus infected patients with lipodystro-
phy and/or dyslipidemidDiabetes Metab.28: 397-404.

Yarasheski, K.E., Tebas, P., Stanerson, B., Claxton, S., Marin, D., Bae, K., Kennedy, M.,
Tantisiriwat, W., and Powderly, W.G. (2001). Resistance exercise training reduces
hypertriglyceridemia in HIV-infected men treated with antiviral therdpyppl.
Physiol. 90: 133-138.

Received May 5, 2004; accepted in final form July 26, 2004



