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Abstract Food insecurity, micronutrient deficits, dyslipide-
mia, insulin resistance, obesity, cardiovascular disease, and
bone disorders complicate the treatment of HIV infection.
Nutrition and exercise interventions can be effective in ame-
liorating these symptoms that are associated with HIV and
antiretroviral therapy (ART). In this literature review, we
examine the most recent nutrition and exercise interventions
for HIV-infected patients. Macronutrient supplementation can
be useful in treating malnutrition and wasting. Multivitamin
(vitamin B complex, vitamin C, and vitamin E) supplements
and vitamin D may improve quality of life and decrease
morbidity and mortality. Nutritional counseling and exercise
interventions are effective for treating obesity, fat redistribu-
tion, and metabolic abnormalities. Physical activity interven-
tions improve body composition, strength, and fitness in HIV-
infected individuals. Taken collectively, the evidence suggests
that a proactive approach to nutrition and physical activity
guidance and interventions can improve outcomes and help
abrogate the adverse metabolic, cardiovascular, and psycho-
logical consequences of HIVand its treatments.
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Introduction

Since the advent of antiretroviral therapy (ART), patients
with the human immunodeficiency virus (HIV) have longer
life expectancies, but chronic illnesses such as cardiovascu-
lar and bone disease are becoming more prevalent in this
population [1]. Individuals with HIV have higher rates of
cardiovascular disease (CVD) than uninfected subjects, like-
ly because of a combination of traditional risk factors, HIV-
related inflammation, and adverse effects of antiretroviral
therapy. In adults with highly active antiretroviral therapy
(HAART)-related fat redistribution, several studies have
suggested an increase in the risk of myocardial infarction
relating to the level of viral control (increased inflammation)
or to antiretroviral exposures [2]. Sudden cardiac death is
disproportionately represented in HIV-infected adults, ac-
counting for 13 % of all deaths and 86 % of cardiac deaths
[3]. Exogenous obesity, common among perinatally HIV-
infected youth [4], can also contribute to CVD risk.

The Academy of Nutrition and Dietetics recognizes the
importance of nutrition as a primary intervention in patients
with HIV and suggests that HIV-infected patients receive
nutritional counseling and assurance of food and nutrition
security [5]. HIV infection leads to impaired immune func-
tion and nutrition independently affects the immune system
[6]. Thus, interventions to improve nutritional status can
positively impact the course of the disease [7]. In their
review article on nutrition and disease progression,
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Chandrasekhar and Gupta found that there are challenges in
studying the impact of nutrition in HIV-infected individuals
due to heterogeneity in patient population, nutrient doses
and combinations, baseline levels of deficiency, and study
endpoints [8]. Their review of 31 clinical trials found few
macronutrient and micronutrient supplementation trials im-
proved CD4 count or decreased viral load. Nevertheless,
nutrition and physical activity play an integral role in the
overall care and treatment of HIV-infected patients [9, 10].
Exercise program can be effective in improving the health
outcomes of patients with HIV undergoing ART to improve
body composition and cardiovascular fitness, reduce the risk
of diabetes and hyperlipidemia, thereby decreasing CVD risk.

Figure 1 provides a summary of nutrition and physical
activity interventions that can complement pharmacological
interventions to treat malnutrition and wasting, obesity and
metabolic abnormalities, and bone disorders.

Search Strategy

Recent intervention studies with exercise and nutrition related
outcomes in HIV-infected individuals were included in this
review. We searched PUBMED (US National Library of
Medicine, NIH, Bethesda, MD) for articles published between
January 2010 and May 2012 using one of the keywords
‘acquired immunodeficiency syndrome, acquired immune

deficiency syndrome virus, human immunodeficiency virus,
AIDS, HIV’ in combination with one of the keywords ‘diet,
nutrition, food, micronutrient, macronutrient, vitamin, physi-
cal therapy, exercise’. The search was limited to those written
in English. We also checked the reference lists of relevant
publications returned by the above keywords. We excluded
publications that did not relate to exercise or nutrition in HIV-
infected individuals. Searches yielded 22 publications with
nutrition and lifestyle interventions and ten in exercise in HIV-
infected children, adults, and pregnant women.

Nutritional Interventions

Macronutrient Interventions

Table 1 summarizes the current studies on nutritional inter-
ventions and their effects on HIV-infected individuals. House-
hold food insecurity is a major contributor to nutritional
problems in HIV-infected patients. Food security is defined
as having physical, social, and economic access to sufficient
food to meet dietary needs [11]. HIV-infected patients often
live in poverty and can have increased energy needs, making
food insecurity more common in HIV-infected individuals
[12]. Food insecurity has a number of adverse consequences
including macronutrient and micronutrient deficiencies, im-
munologic decline, mental health consequences, increased

Fig. 1 Interventions for nutritional and metabolic disorders in HIV

352 Curr HIV/AIDS Rep (2012) 9:351–363



risk of vertical and horizontal transmission, obesity and in-
creased morbidity and mortality [11, 13–15].

Food-based interventions can treat malnourished HIV-
infected patients and it is necessary to address both the indi-
vidual needs of the patients and the food security of their

households [16, 17]. Ready-to-use therapeutic foods effective-
ly treat malnutrition of HIV-infected individuals in developing
nations [18]. In a study of 1340 HIV-infected adults in sub
Saharan Africa with body mass indices of less than 17 kg/m2,
ready-to-use therapeutic food (2000 kilocalories per day)

Table 1 Nutrition interventions to address chronic disease and HIV

Nutrition intervention Authors Source, population Effect

Nutritional education and counseling

Nutritional counseling based
on the Phase II diet of the National
Cholesterol Education Program
(NCEP) Adult Treatment Panel III

Lazzaretti et al. [81•] Brazil; > 17 years Decreases fat intake

Decreases triglycerides

Mediterranean style diet Tsiodras et al. [85] Boston, MA; adults Decreases insulin resistance

Increases HDL cholesterol

Fenofibrate and niacin with
low-saturated-fat diet
and exercise

Balasubramanyam
et al. [83]

Houston, TX; adults with fasting
triglycerides >150 mg/dl

Increases HDL cholesterol

Decreases non-HDL cholesterol

Decreases triglycerides

Improves hypoadiponectinemia

Food supplementation

Ready-to-use therapeutic foods Ahoua et al. [18] Kenya, Uganda; >15 years
malnourished patients

Promote nutritional recovery

Lipid nutrient supplementation Kayira et al. [20•] Malawi; lactating women Reduction in weight loss

Fatty-acid supplementation

Polyunsaturated fatty acids Oliveira et al. [86];
Peters et al. [87]

US, Canada, Europe; adults Reduces triglycerides

Functional food

Probiotics Hummelen et al. [22–24];
Irvine et al. [25]

Africa, Brazil; adults Alleviates gastrointestinal symptoms

Improves tolerance to ART

Decrease fatigue

Micronutrient supplementation

Multivitamin supplementation
(vitamin B complex,
vitamin C, and vitamin E)

Fawzi et al. [29, 30];
Kawai et al. [31•];
Irlam et al. [33]

Africa; pregnant and
lactating women

Improves hemoglobin concentration

Reduces risk of anemia

Increases CD4 counts

Resource-limited settings;
adults and children

Delays progression of HIV disease

Decreased risk of adverse pregnancy
outcomes

Reduces recurrence of pulmonary
tuberculosis in those co-infected
with tuberculosis and HIV

Vitamin A supplementation Wiysonge et al. [36];
Irlam et al. [33]

Africa; pregnant women Improves birth weight of HIV-exposed
uninfected infants

Reduces all cause mortality in children

Vitamin D supplementation Havens et al. [57•];
Childs et al. [56];
Arpadi et al. [60•];
Longenecker et al. [58]

US, Puerto Rico; young adults,
Global; adults

Decreases parathyroid hormone

Improves vitamin D status but no effect
on bone density in children

New York, NY; children Increases serum 25(OH)D
concentrations, improves cholesterol,
increases HOMA-IR, no change
in endothelial function

Cleveland, OH; adults

Curr HIV/AIDS Rep (2012) 9:351–363 353



increased the chances of nutritional recovery in severely mal-
nourished HIV-infected patients [18]. However, this retro-
spective analysis also showed that 48 % of patients failed
therapy because of lost-to-follow-up, poor adherence to
ART, or severe malnutrition at baseline. This suggests that
provision of adequate calories is only one component to
effective interventions that improve nutritional status among
HIV-infected patients.

Incentives provided through food supplements can be a
helpful method to improve clinical adherence [19]. In the
Breastfeeding, Antiretrovirals, and Nutrition (BAN) Study in
Malawi, 3572 HIV-infected women were randomized to re-
ceive a lipid nutrient supplement (LNS) or not, while breast-
feeding. This supplement provided 700 kilocalories of energy,
20 grams of protein, and micronutrients (except for vitamin A)
to meet lactation needs. There was a significant reduction in
weight loss associated with the LNS, regardless of receipt of
ART [20•]. This well designed, randomized controlled clinical
trial suggests that providing macronutrients during nutrition-
ally vulnerable periods curtails weight loss in HIV-infected
women. In contrast, Kindra found that a daily serving of a
nutritional supplement that provided 280 kilocalories of ener-
gy and 8 grams of protein in a randomized controlled clinical
trial had no significant impact on maternal or infant outcomes.
The latter study may not have provided sufficient calories to
support the additional energy needs of pregnant HIV-infected
women [21]. In a small group of mothers with low BMI at
baseline in the aforementioned study, the supplement was
associated with preservation of lean body mass.

Probiotics can potentially play a role in the care and
treatment of HIV-infected patients by alleviating gastroin-
testinal symptoms and improving tolerance to ART. How-
ever, their effects on the immune system are not well
documented [22–24]. Probiotic yogurt can decrease fatigue
and facilitate achieving daily nutrient requirements in HIV-
infected individuals in Tanzania, although this study was not
randomized and was retrospective in nature [25].

For HIV-infected individuals who suffer from malnutri-
tion and food insecurity, nutritional supplements can be
effective if administered in adequate amounts. HIV popula-
tions at higher risk include those with increased metabolic
demands such as pregnant and lactating women, children,
and those with active infections. Factors other than access to
sufficient food sources should be taken into account when
considering interventions aimed at nutritional deficits. Fu-
ture intervention efforts should define optimal nutritional
requirements so that supplements can be dosed in adequate
amounts or administered by meal replacements. In develop-
ing nations, where malnutrition is of great concern, research
should focus on locally based and sustainable foods. Food
supplements that are economically feasible and efficient
have the potential to improve nutritional intake, curtail
weight loss, and alleviate HIV-associated symptoms.

Micronutrient Interventions

Micronutrient malnutrition - deficiencies in vitamins and min-
erals - can lead to fatigue, anemia, reduced immunity, CVD,
and increased mortality [26]. The World Health Organization
[27] supports the use of micronutrient supplements at Recom-
mended Dietary Allowance (RDA) levels in HIV-infected indi-
viduals [27]. Since these recommendations were published in
2003, there have been a number of trials that studied the
consequence of micronutrient supplementation in HIV-
infected patients [28]. Many of these publications originate
from developing countries. For pregnant and lactating HIV-
infected women, multivitamin (vitamin B complex, vitamin
C, and vitamin E) supplements are recommended. Prior studies
from Africa show that multivitamins improve hemoglobin con-
centrations, reduce the risk of anemia, increase CD4 counts,
delay progression of HIV disease, and decrease mortality [29,
30]. More recent studies show that multivitamin supplements at
a single dose of the RDA are as effective as multiple doses of
the RDA in decreasing the risk of adverse pregnancy outcomes
in developing nations [31•]. Based on a comprehensive review
of multivitamin interventions for HIV-infected pregnant and
lactating women, Siegfried [26] recommended that multivita-
min supplements at standard doses be taken during the antenatal
period and at least for 6 weeks post-partum. In a randomized,
controlled, double-blind, hospital based trial of 847 children
age 1 to 5 years, Ndeezi found that twice the RDA of 14
micronutrients for 6 months is well tolerated, but does not affect
mortality, growth, or CD4 counts [32]. In adults with HIV, a
multivitamin supplementation trial reduced the recurrence of
pulmonary TB and increased weight gain in those co-infected
with TB and HIV [33]. Taken collectively, these recent studies
generally support micronutrient supplementation at the level of
the RDA in all HIV populations. Higher dosing is unlikely to
contribute significantly to better outcomes.

There is mixed evidence regarding the effects of vitamin
A supplementation alone. Early studies suggested its benefits
in reducing the risk of mother to child transmission (MTCT)
[34, 35]. Yet in a meta-analysis of five randomized interven-
tion trials that included 7528 pregnant or post-partum HIV-
infected women, vitamin A did not have an effect on MTCT,
preterm birth, stillbirth, infant death at 24 month, maternal
CD4 counts or mortality, but it was associated with improved
birth weight [36]. A review of vitamin A supplementation in
adults in developing nations showed none of the six trials
proved vitamin A to be beneficial in slowing HIV disease
progression in adults, but vitamin A supplementation halved
all cause mortality in a meta-analysis of three trials in chil-
dren. No adverse effects of vitamin A were found in any of
the trials [33]. The basis for the differential effects of vitamin
A in adults versus children might relate to underlying differ-
ences in nutritional needs and susceptibility to deficiencies in
infants and children.
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There is considerable research and clinical interest in
vitamin D deficiency and its effects on HIV-related out-
comes. This interest has peaked because of the observation
that HIV-infected patients have higher fracture rates [37, 38]
and because of data that shows vitamin D deficiency can
contribute to immune dysfunction, CVD and metabolic risk
[39–41]. Vitamin D deficiency is prevalent in about two
thirds of HIV-infected adults and there is a 36 % prevalence
of deficiency in children [42, 43]. It is associated with
mortality and AIDS-defining events [44••]. Vitamin D defi-
ciency is associated with a number of demographic, nutri-
tional, and HIV-specific conditions [42, 43, 44••, 45–53].
African Americans have the highest prevalence of vitamin D
deficiency, regardless of HIV status [49, 54, 55]. Studies
have associated vitamin D deficiency with over nine times
the risk of developing atherosclerotic CVD compared with
those of normal vitamin D status in both developed and
developing nations [45, 52, 53]. Other CVD risk factors,
such as increased carotid intima media thickness (cIMT)
[46] and arterial dysfunction [47] are more common in
HIV-infected patients with vitamin D deficiency. Vitamin
D deficiency is associated with higher viral load [51] and
immune suppression [43] and clinically with higher rates of
thrush and respiratory infections [42, 43, 44••, 45–53]. In a
systematic review, Childs and colleagues found that efavirenz
is associated with a reduction in 25-hydroxy vitamin D levels,
tenofovir with secondary hyperparathyroidism, and combina-
tion ARTwith increased bone turnover and low bone mineral
density. Although the positive associations of optimal vitamin
D levels and clinical outcomes are encouraging, the aforemen-
tioned studies are cross-sectional and observational.

A limited number of vitamin D intervention trials shows
that there is a small decrease in parathyroid hormone (PTH),
but no appreciable effect on bone mineral density (BMD)
with vitamin D supplements [56]. Havens, in a randomized,
double-blind, placebo-controlled trial found that 50,000 IU
vitamin D supplement every 4 weeks decreased PTH in
patients 18-25 years old who were being treated with teno-
fovir [57•], however, they did not evaluate BMD or other
endpoints. Their findings suggest that vitamin D supple-
mentation may offset the effect of tenofovir on calcium
balance and bone metabolism. Longenecker, in a similar
study design, found that a daily supplement of 4000 IU
vitamin D increased serum 25-hydroxy vitamin D levels
but increased insulin resistance and had no impact on endo-
thelial function [58]. Kakalia found that a daily supplement
with 1600 IU vitamin D did not impact CD4 counts in
children with relatively preserved immune function. This
study was small and not placebo-controlled and did not
evaluate the effect of vitamin D in children with greater
immune suppression who may benefit most [59•]. In a
randomized, placebo-controlled multicenter clinical trial of
HIV-infected children and adolescents, one gram of calcium

per day and 100,000 IU of vitamin D every 2 months
increased serum 25-hydroxy vitamin D levels but did not
affect bone mass accrual [60•]. The National Endocrine
Society recognizes that ART increases the catabolism of
25-hydroxy vitamin D and 1, 25-hydroxy vitamin D levels
and recommends that children and adults on ART be given
two to three times more vitamin D for their age group [61].

Zinc, selenium, and glutathione [62] have been studied in
intervention trials to determine their effects on immune func-
tion. Long-term (18-month) zinc supplementation may reduce
the likelihood of opportunistic infection in adults and children
and improve CD4 counts in adults. Supplementation seems to
be well tolerated. However, it does not decrease viral load,
MTCT, or improve mortality [63, 64]. Additional studies on
children and pregnant women are needed and there is little
information on dose and duration of supplementation, and
very few reports in developing nations where nutritional base-
line deficits are greater. Selenium and other antioxidants defi-
ciencies are fairly common in HIV-infected patients,
especially in developing nations. Selenium supplements are
currently being tested to determine their effectiveness in pre-
venting immunological failure in HIV-infected individuals
[65, 66]. Other antioxidants such as cysteine and glutathione
are being testing in a small randomized, crossover designed
study of 12 HIV-infected adults and 20 healthy controls.
Baseline glutathione levels were lower among HIV and cys-
teine or glutamine increased the levels of glutathione in the
HIV group to levels in the controls [67]. These findings may
be particularly important in HIV-infected patients as they are
at risk for low levels of antioxidants.

Cross-sectional and retrospective studies show a number
of positive associations between specific micronutrients and
clinical outcomes in HIV. The evidence from recent inter-
vention literature taken collectively shows that there is a role
for multivitamin supplements at the level of the RDA in
most HIV populations. The impact of specific micronutrient
supplements as determined through randomized, controlled
trials are few and less clear and are probably most beneficial
in those populations with increased metabolic demands such
as pregnancy, lactation, childhood and underlying nutrient
deficits. One of the challenges of investigating micronutri-
ent supplementation is that the dosage and composition of
supplements varies across studies. There is a need to deter-
mine the optimal composition and dosage of micronutrients.
The safety and efficacy of micronutrient supplementation in
the short-term and long-term must be further evaluated and
studies should aim to recruit diverse groups of participants.

Interventions for Obesity, Fat Redistribution, and Metabolic
Abnormalities

Dyslipidemia, insulin resistance, obesity and lipodystrophy
are common in HIV-infected individuals, especially those
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on HAART, and are associated with an increased risk of
atherosclerotic CVD [68–70, 71••, 72, 73]. Biomarkers of
endothelial dysfunction and inflammation are significantly
higher in both HIV-infected adults and children compared to
healthy controls [71••, 74–76]. Risk factors associated with
these biomarkers (and presumptive CVD risk) include higher
waist to hip ratios, body fat, hyperlipidemia and HIV viral
load [71••, 74]. Thus, interventions that result in decreasing
metabolic risk and vascular inflammation may improve the
CVD risk profile.

Following exposure to ART, there are increases in total,
LDL, and HDL cholesterol in both adults and children.
Evaluating metabolic changes in children as they start or
change ART can be helpful to determine specific effects of
ART because children have fewer confounding psychoso-
cial factors (such as smoking, alcohol, obesity) that can
independently impact metabolic outcomes. Children newly
exposed to ART experienced a rapid rise in LDL cholesterol
over the first 6 months that continued through 12 months
[77]. Ten percent of a cohort of 449 children in the United
Kingdom had LDL-cholesterols over the 95 % for age and
protease inhibitors (PIs) caused greater rises in total choles-
terol than non-nucleoside reverse transcriptase inhibitors
(NNRTIs). The authors concluded dietary and exercise
interventions and a change in ART may help address these
metabolic abnormalities [78]. In children with incident hy-
percholesterolemia, Jacobson found that a switch in antire-
troviral regimen was associated with cholesterol levels that
returned back to normal [79]. There was limited power to
detect effects of switching to specific ARTs, however,
higher viral load at baseline was associated with normaliza-
tion of cholesterol. According to the Department of Health
and Human Services (DHHS) Panel on Antiretroviral
Guidelines for Adults and Adolescents, switching from
one PI to another PI or to the same PI at a lower dosing
frequency may reduce dyslipidemia [80].

Nutritional counseling programs can also prove useful in
preventing dyslipidemia for adults initiating HAART. Laz-
zaretti recently conducted a 12-month randomized con-
trolled clinical trial where adults who initiated treatment of
HAART received quarterly nutritional guidance from a reg-
istered dietician. This intervention focused on nutrition ther-
apy for dyslipidemia based on the Phase II diet of the
National Cholesterol Education Program (NCEP) Adult
Treatment Panel III (ATP) guidelines [81•]. Individuals in
the intervention group reduced their fat intake (from 31 % to
21 % of total daily calories). As a result, their plasma
triglycerides were reduced from 135 mg/dL to 101 mg/dL.
Plasma cholesterol and low-density lipoprotein cholesterol
(85 mg/dL to 106 mg/dL) increased in the control group and
were unchanged in the diet group. After 1 year, only 21 % of
patients who received nutritional counseling had lipid pro-
files compatible with dyslipidemia compared with 68 % of

controls. In another 12-month randomized clinical trial with
53 adults on HAART, an individualized nutritional counsel-
ing program based on a client-centered approach led to a
reduction in fat consumption and increase in fiber intake
[82]. These dietary changes did not translate into improved
biochemical metabolic status. In a factorial designed, double
blind randomized control trial, a combination of fenofibrate
and niacin with low-saturated fat diet and exercise was the
most effective in increasing HDL-C, decreasing non-HDL-
C and hypertriglyceridemia, and ameliorating hypoadipo-
nectinemia in patients with HIV/ART-associated dyslipide-
mia, than each of the other singular interventions [83•].

Recent evidence shows that the Mediterranean style diet,
as measured by the Mediterranean Diet Score [84], is asso-
ciated with less insulin resistance and higher HDL-
cholesterol and may be beneficial to HIV patients with
HAART-induced metabolic syndrome and lipodystrophy
[85]. The Mediterranean style diet emphasizes high con-
sumption of foods of vegetable origin, high fat intake from
monounsaturated fatty acids (MUFAs) and polyunsaturated
fatty acids (PUFAs), and low saturated fat intake. PUFAs,
docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) reduce triglyceride levels significantly compared with
placebo in HIV-infected patients with HAART-associated
hypertriglyceridemia [86, 87]. There is also evidence that
chromium supplementation can improve insulin resistance
and metabolic abnormalities resulting from ART [88]. There
was a strong correlation between baseline insulin levels and
decrease in insulin among the chromium supplemented group
only, however the baseline HOMA-IR was lower in the
placebo group. Further studies with properly matched inter-
vention and placebo groups are needed to study the relation-
ship between chromium supplementation and metabolic
abnormalities. In HIV-infected patients treated with thymi-
dine analogue nucleoside reverse transcriptase inhibitors
(tNRTI), lipodystrophy can be treated by switching to teno-
fovir as both limb and mitochondrial DNA fat increased.
However, in this phase II trial, uridine supplementation, a
nutrient that may prevent or improve the mitochondrial
effects of tNRTIs, improved mitochondrial RNA but in-
creased biomarkers associated with inflammation, diminished
mitochondrial DNA in fat and did not improve limb fat [89].

HIV-infected patients at all ages are at risk for cardiome-
tabolic disease. There is evidence that close nutritional
monitoring by professionals experienced in administering
nutritional guidance can effectively improve metabolic
parameters. Nutritional counseling can also augment the
effects of physical activity interventions and medications
used to treat metabolic disorders. There is some evidence
that specific diets can also have a role. Future research
efforts should analyze the long-term effects of nutritional
interventions on LDL and HDL cholesterol and triglycerides
in children and adults.
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Physical Activity Interventions

HIV and its therapies and complications can lead to muscle
wasting, loss of bone mineral density, and metabolic com-
plications. HIV-infected populations suffer from impaired
aerobic capacity, decreased maximum oxygen consumption,
decreased flexibility, decreased muscular strength, insulin
resistance, and lipodystrophy, which may be a result of the
disease, therapies, or a combination of both [68, 71••,
90–93]. Exercise can be coupled with pharmacological
treatment and nutritional counseling to alleviate some of
the symptoms associated with HIV infection. There have
been a number of earlier, non-controlled studies that show
resistance and aerobic training improve body composition,
strength, and fitness and are well tolerated in the HIV
population [94–98]. In a randomized, controlled study of
27 HIV-infected adults, Farinatti confirmed that an aerobic,
resistance, and flexibility exercise program in HIV-infected
adults on HAART can increase muscular strength and re-
duce heart rate without any negative effects on immune
function [99•]. However, they did not evaluate metabolic
outcomes in this study. Evaluating the effects of physical
activity on metabolic outcomes is critical because of ongo-
ing risks based on chronic ART exposures and viral infec-
tion. Randomized, controlled trials are even more limited.

There are now a few reports on the benefits of physical
activity on metabolic outcomes in HIV. In a systematic
review of randomized controlled trials, Fillipas reported that
aerobic exercise decreases total body fat and improves lipid
profiles in HIV-infected individuals [100]. In a recent ran-
domized clinical trial in HIV-infected adults, a one-hour,
three times weekly supervised gym class with monthly
nutritional counseling was compared to a monthly workshop
to discuss the importance of physical activity and nutrition
[101]. All quality of life domains, except pain, were im-
proved in both the intervention and control group but gen-
eral health, vitality, and mental health were significantly
higher for the exercise group. The exercise group also had
significant improvements in lean mass, resting heart rate,
hip circumference, CD4 cell count, metabolic equivalents,
glucose levels, and maximum oxygen consumption. In addi-
tion, total cholesterol levels that were above the limits of the
National Cholesterol Education Program III before the inter-
vention, decreased to within normal limits after 6 months of
the exercise intervention. This is one of the largest randomized
controlled trials on exercise in HIV-infected patients and one
of the first in this population to show improvements in meta-
bolic outcomes with exercise. In another randomized con-
trolled study of participants with insulin resistance and
central adiposity, the implementation of a four-month exercise
training program consisting of 1.5 to 2 h of aerobic and
resistance exercise three times a week augmented the
insulin-sensitizing benefits of pioglitazone and the

intervention with exercise was associated with a de-
crease in both trunk and limb fat [102••]. Although
the effect of pioglitazone and exercise in combination
is promising, the investigators did not study the effects
of exercise alone. These findings indicate that an exer-
cise program can be effective in improving the health
outcomes of patients with HIV undergoing ART to
reduce the risk of diabetes and hyperlipidemia.

Although the number of children with perinatally-acquired
HIV is decreasing in developed nations, they continue to
represent a significant number of HIV-infected patients
world-wide [103]. Studies on physical activity in this group
are limited. A single-arm feasibility and effectiveness study
that evaluated a 3-month structured exercise program com-
bined with a 3-month home based program among HIV-
infected children found, similarly, that a combination resis-
tance and aerobic activity administered twice weekly
increases muscle endurance, cardiorespiratory fitness, and
lean body mass [104]. No changes in metabolic outcomes
were appreciated, although the sample size was small. Base-
line aerobic capacity among HIV-infected children is lower
than controls and this decrease in aerobic capacity is related to
increased body fat and longer receipt of HAART [93]. No
randomized exercise trials in children have been published.

On the other end of the life spectrum, physical activity
can help with the age-associated declines in bone mineral
density and CD4 counts among HIV-infected individuals
[105, 106]. The implementation of a moderate to vigorous
aerobic and resistance exercise program three times per
week can improve cardiovascular, metabolic, and muscle
function in older individuals living with HIV [107]. A
one-year biweekly resistance exercise program in HIV-
infected individuals over the age of 60 years found that
exercise improves muscular strength, glucose levels, and
lipids [108]. Although the study was not randomized, it
was prospective and controlled. In the control group of
participants not living with HIV, the rate of increase of
muscular strength was greatest in the first six months while
the HIV-infected individuals showed a linear rate of increase
indicating that the training program should be continued for
more than one year to achieve maximal benefits.

Alternative physical activity interventions are also being
studied. A recent study by Cade found that in a randomized
controlled trial, yoga is effective at reducing systolic and
diastolic blood pressure [109]. HIV-infected adults on ART
participated in one-hour yoga sessions 2-3 times per week
aimed to encourage adherence, self-control, mental focus,
self-awareness and physical resilience. This study has im-
portant implications on its effects on blood pressure, but
there were no changes in body composition or metabolic
parameters. Since, yoga is a low cost, non-invasive, and
widely available intervention, its effects on blood pressure
reduction may contribute to decreasing the risk of CVD.
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In addition to the potential benefits of improving metabolic
and body composition outcomes, physical activity may have
added value in helping fatigue, depression, and anxiety –
pervasive symptoms among HIV-infected patients [110,
111]. In a recent review article, Jong and colleagues found
that exercise is an effective way to reduce HIV-related fatigue,
depression, and anxiety and improve quality of life [111].

One of the major limitations of exercise programs in con-
trolling HIV-related symptoms is the poor compliance among
participants. Petroczi found that about 55 % of patients adhere
to an exercise program and perceived well-being is highly
associated with adherence [112]. Thus behavioral interven-
tions can potentially serve to increase compliance with phys-
ical activity and diet recommendations. El-Bassel suggests
that a multiple-behavior intervention is more effective than a
single-behavior intervention to achieve the desired changes in
physical activity and diet [113•]. Rotheram-Borus suggests
using a family based intervention for the treatment of HIV-
related complications [114]. A cognitive–behavioral stress
management training combined with expressive–supportive
therapy helped to improve health behaviors (high levels of
medication adherence, appropriate nutritional intake and
physical activity, safer sexual practices, and reduced alcohol
use/abuse) among minority and underserved HIV-infected
women [115]. Future studies are needed to investigate other
methods of improving adherence.

The evidence for the benefits of regular physical activity
for people living with HIV is limited but persuasive. Exer-
cise augments fitness, metabolic endpoints, quality of life
and overall function for those who are compliant with an
exercise program. However, adherence to a regular fitness
program is a major challenge for many, and strategies to
engage patients in physical activity are needed. Specialized
equipment to assist the individual track progress, or pro-
grams delivered in the community, work or school-setting
are approaches that may help [95, 116–120]. Table 2 sum-
marizes novel strategies aimed at delivering or measuring
the compliance to physical activity. All programs should
target the current recommendations of 30 min a day, 5 days
per week of moderate to vigorous physical activity [121].

Conclusion

The world is coping with the ever-burgeoning problem of
overweight and obesity, yet also recognizes that malnutri-
tion continues to be a challenge. HIV infection has become a
paradigm for these seemingly disparate entities. Since the
advent of HAART, HIV-infected patients have enjoyed
greater life expectancy and some populations have even
averted HIV infection because of successful preventive
strategies. However, the underlying risks for malnutrition

Table 2 Potential strategies to increase physical activity among individuals with HIV infection that are effective in other populations

Strategy Authors Goal Conclusion

Educational materials
and lessons

Davies CA et al. [118] Increase physical activity by providing
information on decision-making
and knowledge of goals

The ability of internet-delivered interventions
to produce meaningful change in long-term
physical activity remains unclear

Allen JC, Lewis JB,
Tagliaferro AR 2012

Worksite health promotion reduced coronary
heart disease risk factors

School based physical
education classes

Ardoy DN et al. [116] Improve cardiovascular health
in young people by increasing
physical activity in the school
setting

Four high-intensity PE sessions/week,
improved physical fitness, particularly
aerobic fitness

Hospital-based physical
activity sessions
in children

Miller et al. [104] Improve physical fitness measures
through a supervised program

Twice weekly aerobic and resistance training
sessions resulted in improved physical
fitness and increased lean mass

Mutimura E et al. [122] Exercise training is a safe, practical, and an
effective treatment for evolving metabolic
and cardiovascular syndromes associated
with HIV

Multi-component physical
activity and nutrition
education with structured
exercise sessions

Hardy OT et al. [119] Improve CVD and anthropometric
outcomes

Significant improvement in HDL

Lloyd JJ, Wyatt KM,
Creanor S [120]

Assess weight and behavioral
outcomes

Decreased consumption of energy-dense
snacks and increased healthy snacks;
less TV/screen time and increased
moderate-vigorous physical activity,
improved anthropometric measures

Specialized equipment Snyder A, Colvin B,
Gammack JK [117]

Pedometer to increase motivation
and increase amount of time spent
on physical activity in older adults

Motivation to increase overall mobility;

Improved of functional measures
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have not disappeared due to imperfect viral suppression and
inadequate access to ART. Cardiovascular and other meta-
bolic diseases will continue to affect this population as life
expectancy grows. Many, although not all, of the benefits of
nutrition and physical activity interventions are well sub-
stantiated. Since HIV-infected individuals are burdened with
a lifetime of medications, more studies should focus on
nutritional support being provided with food instead of pills.
Physical activity, another non-pharmacologic intervention,
should be promoted to improve health in a multidimensional
way. The frequency, intensity and time spent on physical
activity needs to be better defined to determine the right load
that yields optimal results. Similar to nutritional interven-
tions, physical activity should be incorporated into daily life
activities. Evidence of the long-term effects of these inter-
ventions on the incidence and prevalence of malnutrition,
nutritional deficiencies, CVD and its associated symptoms
and mortality are essential. Future nutrition and physical
activity studies should focus on discovery through well-
controlled trials and dissemination of results from the indi-
vidual to global populations.
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