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Abstract

Many sets of data indicate that HIV-infected individuals maintain a low level of chronic immune activation and
inflammation even in the presence of effective antiretroviral therapy (ART). This residual immune activation
seems to be associated with accelerated aging and an increased incidence of non-AIDS-defining illnesses.
Several published studies suggest that physical activity is a beneficial nonpharmacological intervention to
reduce chronic inflammation. However, currently available data on the potential benefits of regular physical
exercises for HIV-infected individuals are limited. Nonetheless, increasing evidence suggests that the intro-
duction of regular physical exercise in the clinical management of HIV-infected individuals may have a
significant positive impact in reducing some of the long-term complications of both infection and ART. Based
on a comprehensive review of the existing data, we propose that regular physical exercise should be further
studied as a potential antiinflammatory, nonpharmacological approach to be used to treat HIV residual disease

and non-AIDS-defining illnesses in ART-treated HIV-infected individuals.

Introduction

COMBINED ANTIRETROVIRAL THERAPY (ART) has signif-
icantly increased the average lifespan of HIV-infected
individuals.'* However, this lifespan remains shorter then
that of uninfected age-matched controls. In 2008, the results
of the Antiretroviral Cohort Collaboration showed that the
change in survival was dependent on the time of treatment
initiation’; more recently, Johnson et al. studied 37,740 HIV-
infected individual adults starting ART for the first time to
estimate their average life expectancy. They found that life
expectancy varied between 27.6 years for patients 20 year old
and 10.1 years for those 60 year old. On the other hand, they
found that the life expectancy for women was higher than for
men (36.8 and 14.4 years, respectively). In addition, if base-
line levels of CD4™ T cells are >200 cell/mm? , the life ex-
pectancy is approximately 70-80% of that of HIV-uninfected
adults of the some age and sex.*

While ART has significantly reduced HIV-associated
morbidity and mortality, lifelong treatment is associated with
severe side effects and an inability to fully revert the HIV-
associated immune dysfunction and chronic immune acti-
vation.”® Indeed, despite full suppression of virus replication,
immune activation and inflammation are only partially

reverted by ART.”® Moreover, increasing evidence suggests
that HIV-related chronic inflammation is associated with an
increased risk of non-AIDS-defining illnesses, including car-
diovascular, neurological, liver, and kidney disease, changes in
body fat deposit, metabolic disorders, accelerated aging, and
tumors.” Although the relative contributions of HIV infection
per se, chronic immune activation, and ART in causing non-
AIDS events are still not well defined, the scientific community
is exploring the use of antiinflammatory treatments (pharma-
cological and nonpharmacological) as part of the comprehen-
sive prevention and treatment of HIV-associated, non-AIDS-
defining illnesses.'®

Impact of Non-AIDS-Related lliness
on the Life Expectancy of HIV-Infected Individuals

Today, non-AIDS-related illness represents the main cause
of morbidity and mortality among ART-treated, HIV-infected
individuals in developed countries.'! Increased life expectancy
exposes HIV-infected subjects to a mix of age-related mor-
bidities, long-time side effects of ART, and chronic low-level
inflammation. A typical example of the complex situation
described above is the multifactorial pathogenesis of athero-
sclerotic cardiovascular disease (CVD) and its high incidence
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observed in ART-treated HIV-infected individuals.'*'* The
multifactorial pathogenesis of CVD is particularly evident in
the failure of common cardiovascular risk scores (Framingham,
PROCAM, SCORE) to predict and fully explain the morbidity
and mortality related to heart disease in HIV-infected indi-
viduals.'*'° In fact, if traditional risk factors (smoking status,
blood pressure, age, gender, race, and menopausal status) jus-
tify much of the cardiovascular risk, additional factors appear
to contribute to the increase in cardiovascular risk observed
in HIV-infected individuals, including chronic immune acti-
vation, accelerated aging, viral factors, and the adverse effects
of ART."

Significant associations between inflammation and CVD
pathogenesis are well established based on large-scale clin-
ical studies. For example, in the Women’s Interagency HIV
Study (WIHS), greater T cell activation was associated with
subclinical arterial disease.'® Similarly, in the SMART study,
baseline levels of C-reactive protein and interleukin (IL)-6,
two biomarkers of inflammation, are associated with in-
creased CVD risk.'” Moreover, in patients with undetectable
viremia, high-sensitivity C-reactive protein and IL-6 levels
were elevated by 38% and 60%, respectively, when com-
pared to HIV-uninfected controls. '* In another study, plasma
levels of several inflammatory and coagulopathic biomark-
ers, such as IL-6, D-Dimer, and highly sensitive C-reactive
protein (hs-CRP), were higher in the setting of HIV infection
and correlate with its clinical outcome.*”

If on the one hand HIV infection, ART, and host factors
such as aging and chronic immune activation all contribute to
the development of metabolic and cardiovascular complica-
tions, on the other hand the pathophysiology of these disor-
ders shows some specific features in the setting of HIV
infection.?' Recent studies have found an unexpected greater
degree of subclinical coronary artery disease (CAD) with an
abnormal conformation and localization of atherosclerotic
plaques in asymptomatic HIV-infected individuals with no
prior history of cardiovascular disease.”” In that study, d’Et-
torre et al. conducted a cross-sectional analysis on 55 HIV-
infected individuals enrolled at the Department of Public
Health and Infectious Diseases of the University ““‘Sapienza’
of Rome (Italy). The inclusion criteria were Framingham Risk
Score (FRS) <10, absence of metabolic syndrome, negative
echocardiographic and ECG stress test, persistent viral sup-
pression, and adequate recover of CD4™ T cells. All patients
underwent dual-source computed tomography (CT) coronary
angiography. Significant coronary stenosis with soft non-
calcified plaques, thus requiring coronary angiography, was
unexpectedly found in 16 out of 55 individuals (29.1%), with
a coronary stent implant procedure performed in 8 of these 16.
It was therefore concluded that increasing sets of data support
the hypothesis of a relationship between HIV infection and
coronary atherosclerosis independent of traditional cardio-
vascular risk factors, suggesting that persistent inflammation,
incomplete immune reconstitution, and residual viral repli-
cation might all contribute to increased CAD in HIV-infected
individuals.'**°

The link between inflammation, virus replication, and ART
can also be identified in the setting of HIV-associated metabolic
diseases, in which active virus replication can cause proa-
therogenic elevations in serum lipids, an increase in systemic
inflammation, hypercoagulation, and reduced endovascular re-
activity."**® In addition, HIV-infected individuals receiving

937

ART may experience various metabolic complications (i.e.,
impaired glucose metabolism, dyslipidemia, and abnormal body
fat distribution), thus potentially increasing their risk of car-
diovascular disease.”’

The complex interactions between non-AIDS-related pa-
thology and HIV infection are only marginally understood.
For example CVD, osteopenia/osteoporosis, kidney diseases,
and immune activation found a possible common denomi-
nator in vitamin D deficiency. Recent studies have revealed an
association between increased inflammation markers and
hypovitaminosis D during the course of HIV infection.
Poudel-Tandukar et al. reported that the risk of increased
inflammation was greater among HIV-infected individuals
with a 25-hydroxyvitamin D [25(OH)D] serum level of
<20ng/ml, and Ansemant et al. indicated that severe vitamin
D deficiency correlates si§niﬁcantly with increased hs-CRP
and IL-6 serum levels.?®?” At the same time, low vitamin D
levels are also associated with a higher risk of developing
osteopenia/osteoporosis, and were found to be an independent
risk factor for cardiovascular disease and metabolic disorders
such as insulin resistance and type 2 diabetes mellitus. Lai
et al. found that 25(OH)D deficiency was independently as-
sociated with a >2-fold increase in the risk of significant
coronary stenosis in a cohort of cardiovascular asymptomatic
HIV-infected individuals and Szep et al. reported that vitamin
D deficiency was independently associated with diabetes.**!
Taken together, these data suggest that in HIV-infected in-
dividuals, this cardiovascular, metabolic, bone, and kidney
damage is directly linked to the proinflammatory status in-
duced by hypovitaminosis D as well as HIV-associated
chronic inflammation, the direct effects of virus replication on
osteoblast and osteoclast functions, and the effect of ART on
bone turnover and kidney function.***?

In addition to metabolic, cardiovascular, bone, and kidney
diseases, other non-AIDS-defining illnesses may be related to
specific aspects of the complex immune dysfunction occur-
ring in HIV-infected individuals. An interesting area filled
with many open questions is how neurological disorders, and
in particular the so-called HIV-associated neurocognitive
disorders (HAND), result from the interaction among HIV,
ART, and chronic immune activation. Several studies showed
that the prevalence of HAND is approximately 50% in both
ART-treated and ART-naive HIV-infected individuals and it
is 2-fold greater in older HIV-infected individuals than in
younger ones.>*’ These data suggest that the pathogenesis of
HAND may recognize an additive or even synergistic effect of
HIV infection and aging. The most important data on neuro-
logical disorders in HIV-infected individuals before and after
ART were obtained studying the cohort “Central nervous
system HIV antiretroviral therapy effects research”” (CHAR-
TER). These studies showed that while HIV-associated de-
mentia has declined from 18% to <5% of HIV-infected
individuals, there is an increase of mild symptomatic neuro-
cognitive impairment from 12% to 17% and of asymptomatic
neurocognitive impairment from 20% to 28% of HIV-infected
individuals.>®>° Along those lines, Pedersen et al. conducted a
cross-sectional study on 61 ART-treated HIV-infected indi-
viduals with undetectable plasma viremia and found a nega-
tive correlation between the levels of immune activation and
cognitive scores.*” Overall, these data suggest that residual
immune activation may be a cause of central nervous system
(CNS) damage in ART-treated HIV-infected individuals.
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Physical Activity and Inflammation

The role of inflammation in the pathogenesis of infectious
and metabolic diseases is a relatively novel topic of investi-
gation that has been studied using a multidisciplinary ap-
proach. As described by Mathis and Shoelson, immune
metabolism is an emerging area of research which investi-
gates the interface between immunology and metabolism.
Perturbations of the multilevel interaction between metabo-
lism and immune function can play an important role in the
pathogenesis of numerous diseases, and a better under-
standing of this interaction may offer substantial therapeutic
promise.*! The relationship between dysmetabolic condi-
tions (such as obesity and type 2 diabetes mellitus) and im-
mune function in the setting of a chronic low-grade
inflammation is highlighted by high circulating levels of
CRP, IL-6, and tumor necrosis factor. This persistent in-
flammation has been considered not only a risk factor but also
a possible cause of pathology related to dysmetabolism such
as cardiovascular disease, colon and breast cancer, depres-
sion, and dementia. >

Physical exercise has been shown to improve the clinical
course of numerous diseases by modulating both the immune
system and the metabolic balance.*>*® It is well established
that in healthy individuals, regular aerobic exercise of mod-
erate intensity and duration is associated with a reduced in-
cidence of metabolic diseases. In addition, exercise reduces
the excess storage of fat in adipocytes and their production
of inflammatory mediators, thus limiting the inflammation
associated with obesity.*’ Indeed, regular aerobic exercise
reduces inflammation in diseases associated with low-grade
inflammation (e.%., obesity, chronic heart failure, atheroscle-
rosis, diabetes).*** While the protective antiinflammatory
effect of physical exercise is well documented, there is also
evidence that physical inactivity may favor the development
of low-grade systemic inflammation. This is due to the fact
that sedentary behavior leads to the accumulation of visceral
fat, which is accompanied by increased release of adipokines
and adipose tissue infiltration by proinflammatory immune
cells. This negative interplay between immune and meta-
bolic dysfunction is associated with the development of in-
sulin resistance, atherosclerosis, and neurodegeneration.5 0-52
For these reasons, there is growing interest in studying the
effects of physical activity as a nonpharmacological tool to
reduce chronic inflammation, even though the mechanisms
responsible for this immune modulatory effect remain poorly
understood.

Several studies have shown that regular physical exercise
reduces the risk of chronic metabolic and cardiologic disease
by antiinflammatory effects mainly mediated via the fol-
lowing: (1) reduction in visceral fat mass, (2) decreased re-
lease of adipokines, (3) increased release of cortisol and
adrenaline, (4) increased production and release of IL-6, and
(5) inhibition of adipose tissue infiltration by monocytes
and macrophages with reduction in the circulating numbers
of proinflammatory monocytes and phenotypic switching of
macrophages within adipose tissue. While the inhibition of
downstream proinflammatory cytokine production and the
modulation of monocyte and macrophage activity as well as
the related hormonal changes are effective means of reducing
chronic inflammation, an excess of physical exercise can lead
to excessive modulation of the immune function, which may
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ultimately reduce the host defense against pathogens. This is
the so-called “‘elite athlete paradox,’” according to which the
excessive antiinflammatory effect can induce partial immune
suppression that makes top athletes more susceptible to
common infections.*¢->1+5

Regardless of this paradox, there is overwhelming evi-
dence that noncompetitive sport and regular physical exer-
cise are an essential component of a healthy lifestyle. The
positive, direct effects of engaging in regular physical ac-
tivity are particularly apparent in the prevention of several
chronic inflammation-related diseases, including cardiovas-
cular disease, diabetes, cancer, hypertension, obesity, de-
pression, and osteoporosis—that is, the same illnesses that
are observed in ART-treated HIV-infected individuals. It
should be mentioned that another key modifiable factor af-
fecting immune function in the general population is nutri-
tion. While malnutrition is known to decrease immune
function, excessive food intake may result in chronic low-
grade inflammation.>® Based on these general premises and
considering that ART is unable to fully prevent the multi-
organ damages associated with HIV infection and related to
chronic inflammation and immune activation, the recently
published clinical guidelines for HIV infection recommend
physical activity as nonpharmacological treatment for indi-
viduals with dyslipidemia under ART, and as an approach to
reduce symptoms of depression in HIV-infected women.>*=>’

Potential Benefits of Physical Exercise

on Non-AIDS-Defining lliness in HIV Infection:
Role of a Physical Activity Program

in HIV-Infected Individuals

As discussed above, regular physical activity has a pro-
tective antiinflammatory effect. However, a search for pub-
lished articles on the relationship between physical exercise
and immune activation during the course of HIV infection
does not reveal any studies that focused specifically on this
point. A more thorough examination of the available studies
confirms that the current knowledge on the potential benefits
of regular physical exercise in HIV-infected individuals is
limited (Table 1). A recently published randomized clinical
trial evaluated the impact of regular physical activity on the
quality of life, body morphology, and metabolic parameters
in patients with AIDS, although the issue of chronic in-
flammation and immune activation was not investigated.”® In
this study, patients were randomly assigned to receive a 1-h
supervised gym class three times a week plus monthly nu-
tritional counseling (intervention group) or to participate in
monthly workshops to discuss the importance of physical
activity and receive nutritional counseling (control group).
After intervention, the exercise group showed a decrease in
fat mass, resting heart rate, waist circumference, and serum
glucose, as well as an increase in muscle mass, CD4 ™ T cells,
metabolic markers, and maximum oxygen consumption.
Similarly, the key indices of quality of life, general health,
and mental health showed a statistically significant im-
provement in the exercise group as compared to the control
group.”®

Other studies investigated the effect of regular physical
activity on lipodystrophic syndrome and associated meta-
bolic disturbances such as glucose intolerance, insulin re-
sistance, hypertension, and dyslipidemia. In this regard,
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HIV AND PHYSICAL ACTIVITY

Filippas et al. conducted a randomized controlled trial on the
effects of 6 months of aerobic and resistance exercise in HIV-
infected individuals. Forty subjects were randomized into an
experimental or control group. Patients included in the ex-
perimental group performed two 60-min exercise sessions
per week consisting of 20 min of aerobic exercise at 60% of
the maximum heart rate (HR-max) and progressing to 75%
HR-max. Patients enrolled in the control group performed a
walking exercise twice a week starting at 60% HR-max
and progressing to 75% HR-max. The results of this study
indicated that patients enrolled in the experimental group
improved their self-efficacy, cardiovascular fitness, and
cognitive function as compared to the control group.>
More recently, Longo et al. conducted a longitudinal study
on 50 ART-treated HIV-infected individuals with a sedentary
life style to evaluate the effect of 12 weeks of moderate in-
tensity exercise (i.e., brisk walking) on parameters of immune
activation and metabolic profile. The program consisted of
three weekly 60-min sessions of outdoor walking at 65-75%
HR-max associated or not with 30-min circuit training at
65% of 1-RM (repetition maximum). At enrollment and after
12 weeks all participants were assessed by a 6-min walking
test and 1-RM, DEXA, metabolic parameters (glucose, cho-
lesterol, HDL, LDL, triglycerides, glucose, insulin, AST,
ALT, yGT, HBa;c, CPK), immunovirological parameters
(CD4™" and CD8™" T cells, HIV-RNA), and markers of im-
mune activation (IL-6, D-Dimer, sCD14, and IL-18). Of note,
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a significant improvement of both fitness and immune acti-
vation at the week 12 time point was found.®”

In individuals with HIV infection, as well as those with
other chronic diseases, it is important to improve muscle mass
to preserve muscle trophism and functional status. Sakkas ez al.
conducted a randomized double-blind, placebo-controlled
study to evaluate the effect of creatine supplementation on
muscle size, strength, and function in HIV-infected individu-
als. The study enrolled 40 HIV-infected males in a 14-week
study (20 receiving creatine and 20 placebo). Treatment began
with a loading dose of 20 g/day (or an equivalent number of
placebo capsules) for 5 days, followed by maintenance dosing
of 4.8 g/day. All subjects underwent three times-weekly su-
pervised resistance exercise beginning at week 2 until week 14
while continuing on the assigned study medication. It was
found that after 14 weeks, 1-repetition maximum strength in-
creased in all muscle groups and that the magnitude of this
increase was not greater with creatine supplementation; in the
two groups phosphocreatine recovery following 15 s of max-
imum voluntary contraction improved significantly after pro-
gressive resistance exercise training (PRT). No effect on body
composition was observed in any study group. Finally, at week
2 both insulin and HOMA-IR decreased transiently in the
creatine group while there were no observed differences in
lactate, glucose, or creatine kinase levels between or within
groups at any time point. It was concluded that PRT is im-
portant in preventing and reversing muscle weakness and the
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Highly Active
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Residual
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ACTIVITY
I IMPROVEMENT OF THE QUALITY
OF LIFE AND MENTAL AND

FIG. 1.

PHYSICAL PERFORMANCES

Potential benefits of physical activity on chronic HIV infection. HIV-positive patients present a low level of

chronic immune activation and inflammation associated with an increased incidence of non-AIDS-defining illnesses and
accelerated aging. Even antiretroviral therapy can contribute to accelerated aging and to the occurrence of adverse effects,
despite the undeniable benefits that it is able to give. The introduction of regular physical exercise in HIV treatment may
have a significant therapeutic effect: it could reduce the impact of immune activation and non-AIDS-defining illness linked
to chronic inflammation. Moreover, physical activity could generate improvements in neuropsychological function and

metabolic assessment.
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administration of creatine may have a beneficial aesthetic
impact but does not improve physical functional capacity.®!

Thoni et al. conducted a longitudinal study on 19 HIV-
infected individuals (17 lipodystrophic and 2 dyslipidemic)
to evaluate the effect of a 4-month training protocol on body
composition measured by CT scan as total abdominal adipose
tissue (TAT), visceral adipose tissue (VAT), and subcuta-
neous adipose tissue (SAT). In addition, blood was collected
to measure IR-HOMA, triglycerides (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), lactate,
and pyruvate. A significant reduction of VAT leading to a re-
duction in total abdominal fat was observed. In addition, a
positive effect of aerobic training was observed on TC, HDL-C,
TG, and TG/HDL-C; in addition, cardiovascular risk at 10
years decreased from 1.12 to 0.97 throughout the study pe-
riod. Based on these results, it appears that light aerobic
training may have a beneficial impact on lipid disorders and
central adipose accumulation in HIV-infected individuals.®?

The pleasure associated with physical exercises relates
primarily to three main factors: the production of endorphins,
the production of catecholamines, and changes in brain
function. Endorphins are proteins whose effects are very
similar to the opiate morphine and act through binding to
specific receptors in the brain, resulting in feelings of plea-
sure and greater pain tolerance. The main catecholamines are
epinephrine and noradrenaline. These hormones increase
cardiac output, increase the release of glucose into the cir-
culation by adipocytes and liver, and, along with endorphins,
reduce anxiety and psychological stress. Indeed, physical
activity is associated with alpha waves, which dominate the
awake status or the time before falling asleep. The possibility
of increasing these three factors by physical exercise during a
lifelong drug treatment may be very important in the setting
of HIV infection. In addition, physical exercise may be useful
in delaying the age-related involution of the hippocampus,
thus improving memory function as observed in studies
conducted on the general population.

Erikson et al. conducted a randomized study in 100 sub-
jects without dementia who were assigned to an aerobic ex-
ercise group and to a stretching control group. They found
that the exercise intervention was effective in increasing the
anterior size of the hippocampus, which contains neurons
associated with spatial memory acquisition. Based on these
findings, it is clear that aerobic exercise plays a neuropro-
tective role that can be useful both in young subjects and later
in life to enhance cognition and augment brain volume.®?

Based on these findings, we believe that the introduction of
regular physical exercise in the clinical management of HIV
infection may have a significant therapeutic impact in re-
ducing the deleterious effects of both the infection and ART
(Fig. 1). Increased physical activity may results in (1) a
possible decrease in immune activation with a concomitant
reduction in the damage related to CVD and other non-AIDS-
defining illnesses that are linked to chronic inflammation,
and (2) an improvement in overall neuropsychological and
metabolic function.®*"® In terms of clinical practice, it could
be useful to create a network of practitioners that includes
physical trainers and nutritionists to determine the appro-
priate level of exercises and the adequate diet for each indi-
vidual patient. As these factors can have a positive impact on
the patients’ quality of life while also reducing the health care
costs related to HIV infection, we believe that further

D’ETTORRE ET AL.

longitudinal studies are warranted to better assess the effects
of physical exercise on disease progression, immune activa-
tion, and the size of the virus reservoir.
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