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ABSTRACT

Background: The benefits derived from supervised aerobic exercise in people living with human immunofefi-
ciency virus— HIV (PLWH) have not yet been clearly identified.

Objective: To evaluate the impact of supervised aerobic exercise on immunological, cardiorespiratory, pul-
monary, hemodynamic and mental parameters of PLWH.

Methods: A systematic review was carried out in accordance to PRISMA guidelines. PubMed,
Physiotherapy Evidence Database (PEDro) and Cochrane Central Register of Controlled Trials (CENTRAL)
were screened up to August 2021, for the identification of English written randomized trials, with participants
aged 18years and older, at any stage of the disease, with or without co-morbidities. The risk of bias assess-
ment was conducted according to the Cochrane Collaboration’s tool for assessing risk of bias. Meta- analy-
ses were conducted using continuous, inverse variance, random-effects model.

Results: Ten studies were suitable for meta-analysis based on inclusion criteria. Supervised aerobic exercise
appeared to have beneficial effects on depressive symptoms [mean difference (MD)= —4.18 (confidence
interval (Cl)= (—6.55)—(—1.81), Z=23.46, p =0.0005, 1°=0%, n=2], forced expiratory volume in 1sec [MD =
0.70, Cl = 0.39-1.00, Z=4.41, p<0.0001, I’=0%, n=2], and on the maximum oxygen uptake [MD =
1.38, Cl = —0.02-2.78, Z=1.94, p=0.05, 1°>=94%, n=4] of PLWH. No exercise effect was found for CD4
T-cell count (p=0.16, n=5), systolic blood pressure (p=0.91, n=2) and diastolic blood pressure
(p=0.72,n=2).

Conclusions: Supervised continuous aerobic exercise may improve lung function, depressive symptomatol-
ogy and aerobic capacity of PLWH, however, the small number of available studies and the high heterogen-
eity concerning VO2max demonstrate the need for more research in this area.

KEYWORDS: HIV/AIDS, exercise, aerobic, supervision, meta-analysis

Introduction

Human immunodeficiency virus (HIV) disease and
acquired immune deficiency syndrome (AIDS) epi-
demic remains a major global public health problem
with 37.9 million people living with HIV (PLWH) in
2018." Antiretroviral drugs significantly reduced mor-
bidity and mortality due to HIV disease.”> However,
highly active antiretroviral therapy (HAART) may

CONTACT Anastassios Philippou tfilipou@med.uoa.gr Department of
Physiology, Medical School, National and Kapodistrian University of
Athens, 75 Micras Asias, Athens 115 27, Greece.

cause a large number of unwanted physical and mental
disorders (e.g. heart failure, stroke, myocardial infarc-
tion, peripheral artery disease, lipodystrophy, dyslipi-
demia, insulin resistance, anxiety, depression, etc.),
increasing the non-HIV- related mortality.>’

Exercise, a subset of physical activity that is
planned, structured, and repetitive,® seems to provide
health benefits to PLWH; it improves somatometric,
metabolic and hormonal parameters, enhances cardio
respiratory function and muscle strength, and promotes
mental health.” ' Aerobic exercise is well established
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for its positive impact on human health.'> In particular,
it consists an important strategy for reducing the risk
of cardiovascular disease that emerges in PLWH and
also contributes to mitigating the symptoms of long-
term HIV and long-term antiretroviral therapy (ART)
use.'®'® However, the participation of PLWH to exer-
cise interventions remains below suggested levels.'**°
Indeed, PLWH present high levels of sedentary behav-
ior, even after comparing with populations with other
chronic diseases.”'*

Supervision is a variable that reinforces the partici-
pation of PLWH to exercise, by preventing a signifi-
cant number of potential dropouts, an issue of great
importance as regards the aerobic exercise, which is
more challenging to adhere, compared to resistance
training.*” It has also been shown that supervised exer-
cise interventions provide more pronounced health-
related gains compared to unsupervised ones in a
variety of populations with or without pathological
entities (i.e. hypertension, type 2 diabetes, cancer,
etc.), in terms of cardiovascular, anthropometric, func-
tional, metabolic, hemodynamic and mental improve-
ments and improvements in quality of life.”*2°
Although the beneficial effects of supervised aerobic
exercise have been demonstrated in literature, previous
reviews of aerobic exercise in PLWH have paid min-
imum attention to supervision.

A substantial amount of systematic reviews, pub-
lished so far, have examined both supervised and non-
supervised aerobic exercise programs for PLWH, with
the results of which being presented collect-
ively.'"'2728 = Another shortcoming yet to be
addressed in previous systematic reviews/meta- ana-
lysis includes the investigation of heterogenous exer-
cise interventions. In a recent systematic review and
meta- analysis which conducted subgroup analysis to
explore the impact of supervised exercise on cardio-
vascular parameters of PLWH, authors included both
aerobic and concurrent (i.e. aerobic exercise combined
with resistance training) exercise interventions.'’
Similarly, in another recent study, the subgroup ana-
lysis for the evaluation of supervised exercise on
depression in PLWH, included only one study imple-
menting aerobic exercise alone.”® The study of Voigt
et al, 2018, is the only systematic review considering
supervision as the primary exercise variable on func-
tional capacity of PLWH, however it is focused on
physical activity, without
being made.*’

Therefore, to the best of the authors’ knowledge, a
systematic review that focuses on the effect of super-
vised aerobic exercise on important clinical, physio-
logical and mental health indices of PLWH, has not

any meta- analysis
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been carried out. In this light, the aim of the current
systematic review and meta- analys is to examine the
effects of supervised aerobic exercise on immuno-
logical, cardiorespiratory, pulmonary, hemodynamic
and mental parameters of PLWH.

Materials and methods

The current systematic review and meta- analysis was
registered in the International Platform of Registered
Systematic Review and Meta- analysis Protocols
(registration number: INPLASY202070035) and was
conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines.*'

Search strategy

Using appropriate algorithms, two investigators (PK
and CC) independently  searched  PubMed,
Physiotherapy Evidence Database (PEDro) and
Cochrane Library trials (CENTRAL), from the date of
their inception until August 2021. Search limitations
included publications written in English language.
Discrepancies between the two investigators were
resolved by a referee investigator (AP). The key word
algorithm used in PubMed database can be found in
the Appendix. In addition, a thorough search of the
references lists of relevant publications was used to
identify any additional eligible papers that were not
appeared in the initial electronic search.

Eligibility criteria

We have included only randomized controlled trials
(RCTs), which compared supervised aerobic exercise,
with non-exercise (usual care) in the control condition,
and examined at least one of the outcome measures
under study. Studies included PLWH at all stages of
the disease, with or without comorbidities, with partici-
pants 18years and over, were considered eligible.
Inclusion criteria also included the implementation of
continuous aerobic exercise of moderate to vigorous
intensity [i.e., 46-80% of maximum oxygen consump-
tion (VO,max), or 40-80% of oxygen uptake reserve
(VO,R), or 40-80% of heart rate reserve (HRR), or
60-85% of maximum heart rate (HRmax)], at a fre-
quency of at least 3 times per week for a total period
of at least 4 weeks. This exercise regimen is in accord-
ance to the recommended guidelines for PLWH, in
order to lessen the severity of HIV and ART related
comorbidities.'®327* Moreover, it has been found that
it is easier to follow compared to higher intensity lev-
els,*® especially by individuals with physical disabil-
ities or other health conditions whose adherence to
high intensity exercise may be challenging.’® Only
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studies which reported that the exercise program, as a
whole, was carried out under supervision, were
accepted as eligible. Studies investigating the effects
of resistance training, those including a combined pro-
gram of both aerobic and resistance exercise, and those
investigating the effects of aerobic exercise combined
with other intervention(s) were rejected. Also, studies
that used high intensity interval training (HIIT) were
rejected because this type of exercise involves high
intensity periods that may compromise adherence.*
Furthermore, studies that they did not include a non-
exercise group as control condition, or studies with
only healthy individuals, were rejected. Finally, review
articles, letters, theses, experts’ opinions, as well as
animal studies, were also rejected.

Outcome measures

Cardiorespiratory [i.e., VO,max and 6-Minute Walk
Test (6-MWT)] and pulmonary [i.e., forced vital cap-
acity (FVC) and FEV1] parameters of physical func-
tion, as well as immunological (CD4 count cells/mm?)
and hemodynamic [diastolic blood pressure (DBP) and
systolic blood pressure (SBP)] wvariables, were
assessed. Finally, depression was the variable assessed
in terms of the mental health of the study population.

Study selection

Selection of the retrieved studies was performed by
two independent investigators (PK and AP) using a
control list, based on the above inclusion/exclusion cri-
teria. Studies in which there was uncertainty regarding
the appropriateness of their inclusion in the systematic
review, were further examined by a third researcher
(CC), who made the final decision. In case of unavail-
able data in the selected studies, the responsible
author(s) was contacted via email.

Data extraction

Data extraction was performed using pre-designed data
extraction form, by three independent investigators
(PK, EK and AP). The extracted data were grouped as
follows and include (1) publication information:
author, year of publication, country of study, (2) study
design: sampling method, study duration, subject par-
ticipation criteria, (3) characteristics of participants:
number of participants, age range, gender, disease
stage, antiretroviral treatment, withdrawal of patients
from the study (dropouts), (4) intervention characteris-
tics: type of aerobic exercise, intensity, frequency, dur-
ation, data collection method/s, (5) outcome measures,
difference in the values of the outcome measures
between the baseline and the completion of the study
and (6) limitations of the study. Disagreements in

extracting or interpreting the data were resolved
through discussion between the three independent
investigators (PK, EK and AP). Failure to reach an
agreement required the opinion of another
researcher (SN).

Quality assessment

The risk of bias was assessed independently by two
investigators (PK and PD) using the Cochrane
Collaboration’s tool for assessing the risk of bias
(CCRBT).?” Disagreements between the two investiga-
tors were resolved by a referee investigator (AP). The
following risk of bias components were assessed: (1)
selection bias (random sequence generation and alloca-
tion sequence concealment), (2) performance bias
(blinding of participants and personnel), (3) detection
bias (blinding of outcome assessors), (4) attrition bias
(incomplete outcome data), and (5) selective reporting
bias. The above components were rated on a low, high,
or unclear scale.

Meta-analyses

We conducted continuous, inverse variance, random-
effect model meta-analyses via the RevMan 5.3 soft-
ware. We used means and standard deviations of a)
CD4 count cells, b) VO,max, c¢) systolic blood pres-
sure, d) diastolic blood pressure, e) FEV, and f)
Beck’s depression inventory score to test mean differ-
ences between exercise and control conditions. The
study effect sizes were synthesized to account for het-
erogeneity due to differences in study populations,
interventions, study duration, and other factors.The
statistically significant limit was set at p <0.05. We
evaluated the 95% confidence interval (CI) and hetero-
geneity between studies using the I statistic. We
considered a statistically significant result for hetero-
geneity when p < 0.10, while interpretation of I? index
was made based on previous guidelines.*®

Results

Searching results and selection of eligible
publications

A total of 378 reports retrieved from the algorithmic
search. After removing the duplicates, and due to
inconsistency with the object under study or inad-
equacy for introduction after checking the title and/or
the summary, 35 reports remained. An additional 25
reports were excluded after reading the full text. A
total of seven reports derived from the algorithmic
search in the electronic databases and three from the
investigation of the reference lists, of the eligible pub-
lications were found to meet the eligibility criteria to
be included in the systematic review (Figure 1).*7*®

HIV Research & Clinical Practice 2022 voL. 0 No. O
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Records identified through database searching (n=360)

'g CENTRAL: @=204)
x Pub Med: (0=80)
é PEDro: @®=76)

Additional records identified through
reference lists searching

(@=18)

— Excluded records (=271)
Insligible focus
Duplicate records

g Records after viewing tifle (a=107)
= CENTRAL: @=24)
Pub Med: @=37)
PEDro: (n=28)
Other sources: (»=18)
Excluded records (n=72)
_— NoRCT (x=2)
Imrelevant outcomes @®=9
Other type of exercise n=34)
Combination of AE with other nterventions (x=14)
Control with exercise (x=3)
Study protocols n=2)
Other (x=6)
2
% Records after viewing the abstracts (n=35)
=
Excluded records (n=2
NoRCT @=5)
’ Other typs of exarcise (»=11)
Combination of AE with other nterventions (»=2)
Control with exercise (x=1)
1 No supervision =5

| Records after reading full texts (a=10)

Included

Studies included in meta- analysis (n=10)

Figure 1. The Flow Diagram of search strategy and study selection process. AE: Aerobic exercise; PEDro: Physiotherapy

Evidence Database; RCT: Randomized controlled trial.

Participant characteristics

This systematic review includes a total of 370
PLWH aged 18 to 6lyears (18.5% withdrawal
rate). Most of the participants were in the non-
AIDS stage, with the exception of Lox et al.*!
where patients in the AIDS stage were also
included (CD4 cell count < 200 cell/mm?®). Almost
all studies included both genders in their research
design (percentage of women at baseline: 42%). In
five of the eligible studies, all participants received
antiretroviral treatment,*>***¢*® while only in one
study there was not any reference regarding the
antiretroviral treatment.*’

4 HIV Research & Clinical Practice 2022 voL. O No. O

Study characteristics

The duration of aerobic exercise ranged from 20 to
45 minutes, with a frequency of 3 times per week,
which was observed in all studies. The duration of the
intervention ranged from 4 to 15weeks. The exercise
program was supervised by specialized health profes-
sionals or other staff in four of the 10 included stud-
jes, 1424548 while the rest of the studies,>?#0:43-44:46:47
simply reported supervision without providing any fur-
ther information. The status of the participants'
immune system was assessed via CD4 T-lymphocytes,
in five’?*434547 of the 10 studies. Cardiorespiratory
fitness assessed by VO,max was reported in four
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Exercise Control Std. Mean Difference Std. Mean Difference A
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baigis 2002 30.5 6.3 43 30.8 8.5 35  26.2% -0.04 [-0.49, 0.41] +
Smith 2001 375 6.1 18 32 6.9 29  25.6% 0.82[0.21, 1.43]
Lox 1996 3.47 1.23 11 1.65 1.19 10 23.8% 1.44 [0.46, 2.43]
John 2018 65 9.05 25 40.6 4.24 27  24.4% 3.45[2.57, 4.32]
Total (95% Cl) 97 101 100.0% 1.38 [-0.02, 2.78]
Heterogeneity: Tau? = 1.88; Chi? = 50.16, df = 3 (P < 0.00001); I? = 94% —iO _55 150
Test for overall effect: Z = 1.94 (P = 0.05) Control Exercise
Exercise Control Mean Difference Mean Difference B
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Aweto 2016 3.5 1.27 18 8.33 5.8 15 62.5% -4.83[-7.82,-1.84] ——
Neidig 2003 56 6.3 18 87 7.1 30 37.5% -3.10[-6.96, 0.76] — &
Total (95% CI) 36 45 100.0% -4.18 [-6.55, -1.81] e
i 2 _ 5 2 _ _ _ 12 = I 4 t J
?eterfogeneltyl.lT?: = ;)903 igl p_—o(.)4§(’)g§f, =1((P =0.49); I° = 0% o o ) 0 20
est for overall effect: Z = 3.46 (P = 0. ) Control Exercise
Exercise Control Mean Difference Mean Difference C
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Smith 2001 4.1 0.8 17 36 11 27  30.1% 0.50 [-0.06, 1.06] —
Aweto 2016 1.98 0.55 18 1.2 0.53 15  69.9% 0.78 [0.41, 1.15] -
Total (95% CI) 35 42 100.0% 0.70 [0.39, 1.00] -
Heterogeneity: Tau? = 0.00; Chi? = 0.66, df = 1 (P = 0.41); I*> = 0% t 1

Test for overall effect: Z = 4.41 (P < 0.0001)

Figure 2.
control groups.

studies,*®*!"*>*® while only a single study assessed it
through the 6-MWT.* Two studies investigated the
effect of continuous and moderate to vigorous intensity
3944 and two studies
investigated the hemodynamic status of PLWH.*¢*®

Depression was assessed in two studies.*”** Missing

aerobic exercise on lung function,

data of variables of interest of two studies were
requested by the responsible authors via email.***®
The detailed characteristics of each study can be found

in the data extraction table in the Appendix.

Quality of eligible studies

Four out of 10 studies showed low risk of bias, while
the remaining showed high risk of
bias.* *'4¢*® Regarding random sequence generation

42-45

six  studies
(selection bias), allocation concealment (selection bias)
and blinding of outcome assessors (detection bias), the
risk of bias was found to be low or unclear in all studies.
Apart from the study by Grigoletti et al.,*® all other studies
showed low risk of bias for selective reporting (reporting
bias). The risk of bias for blinding participants and person-
nel (performance bias) was found to be high in all studies,
as, due to the nature of the applied intervention (exercise),
blinding was impossible. The results of the assessment of
study quality using CCRBT and the Cochrane risk of bias
summary are reported in the Appendix.

Main outcomes
Cardiorespiratory fitness

Results of meta-analysis showed a significant improve-
VO,max of 1.38 ml/kg/min,

ment in favoring

-1 0 1
Control Exercise

-2

Forest plots of VO, max (4A), depressive symptom (4B) and FEV, (4C) comparing outcomes of exercise and

participants in the intervention group compared with
the non-exercisers in control group [mean difference
(MD)=1.38, confidence interval (CI) = —0.02-2.78,
Z=194, p=0.05 T1*=94%, n=4; Figure 2A).
Additionally, statistically significant improvement was
found between the intervention and control group
(p <0.05) considering the performance in 6-MWT in
the study of Anandh et al.** However, meta-analysis
for 6-MWT performance could not be performed due
to the single study investigating this particu-
lar outcome.

Depression

Meta-analysis for depression was performed for the
studies of Neidig et al.** and Aweto et al.** which
assessed depressive symptomatology through the same
psychometric test [Beck Depression Inventory (BDI)].
The meta-analysis showed a significant difference in
changes in depressive symptomatology between exer-
cise and control groups [MD —4.18, CI
(—6.55)~(—1.81), Z=3.46, p=0.0005, [*=0%, n=2;
Figure 2B).

Pulmonary function

As shown in Figure 2C, FEV1 was increased by 0.71t
(MD = 0.70, CI = 0.39-1.00, Z=4.41, p < 0.0001, I*
= 0%, n=2) in the exercisers, compared to non- exer-
cisers. FVC was examined only in the study of Aweto
et al.,** where significant improvements were revealed
in the exercise intervention group compared to control
group (p =0.001).

2022 No. O
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Exercise Control Mean Difference Mean Difference A
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Smith 2001 339.1 127 18 389.5 118.1 30 20.8% -50.40[-122.71, 21.91] —=T
Baigis 2002 365 153 35 361.4 158.8 34 20.6% 3.60 [-70.01, 77.21] -
Jaleta 2018 513.13 55.6 23 456.7 70.9 20 26.6% 56.43 [17.94, 94.92]
Anandh 2014 562.08 126.97 10 480 139.07 10 14.0% 82.08 [-34.64, 198.80]
Maduagwu 2015 672.25 227.59 32 522.66 123.06 32 17.9% 149.59[59.95, 239.23] —_—
Total (95% CI) 118 126 100.0% 43.59[-16.57, 103.75] L
Heterogeneity: Tau? = 3160.52; Chi? = 13.84, df = 4 (P = 0.008); I = 71% t + t t
Test for overall effect: Z = 1.42 (P = 0.16) =200 _ngontroIOExerciszeSO s
Exercise Control Mean Difference Mean Difference B
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
John 2018 117 13.36 25 124.2 14.54 27 53.1% -7.20[-14.78,0.38] L
Grigoletti, 2018 127.75 9.29 4 1174 7.93 5 46.9% 10.35[-1.10, 21.80]
Total (95% CI) 29 32 100.0% 1.03[-16.14, 18.19]

i 2 _ s 2 _ — - 12 = + } T t t
Heterogeneity: Tau® = 129.44; Chi’* = 6.27, df = 1 (P = 0.01); I*> = 84% “100 ) 5 50 100
Test for overall effect: Z = 0.12 (P = 0.91) Control Exercise

Exercise Control Mean Difference Mean Difference C
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
John 2018 71.3. 6:11 25 78 9.79 27 57.1% -6.70[-11.10, -2.30] L |
Grigoletti, 2018 80.75 8.18 4 76.4 5.32 5 42.9%  4.35[-4.92,13.62] &
Total (95% CI) 29 32 100.0% -1.96 [-12.68, 8.76]
T 2 _ . 2 _ - - 212 = 789 } t T + +
Heterogeneity: Tau® = 47.34; Chi’* = 4.45,df = 1 (P = 0.03); I = 78% 55 ) 25 50

Test for overall effect: Z = 0.36 (P = 0.72)

Figure 3.
and control groups.

CD4 count

The meta—analysis performed for CD4 count demon-
strated no difference in changes in CD4 cell counts for
participants in the intervention group, compared with
the non-exercise control group (p=0.16, n=Y5)
(Figure 3A).

Hemodynamic parameters

As shown in Figure 3B and C, no significant differen-
ces in changes in SBP and DBP values were found
between exercise participants and non-exercisers
(»=0.91,n=2 and p=0.72, n =2, respectively).

Discussion
The aim of the current systematic review and meta-
analyses was to examine the effects of supervised aer-
obic exercise on important clinical (CD4 T-cell counts,
blood pressure, FEV1, and FVC), physiological (max-
imum oxygen uptake, 6MWT), and mental health
(depression) parameters in PLWH. Ten studies met the
eligibility criteria for inclusion in our systematic
review and were included in meta-analysis for CD4 T-
cell counts, SBP, DBP, FEV1, VO, max and depres-
sion.>*** The main results of these meta-analyses sug-
gest that a supervised aerobic exercise progmam has
beneficial effects on cardiorespiratory capacity, pul-
monary function and mental health of PLWH.
Scientific data show that cardiorespiratory capacity
is a strong and independent predictor of mortality, and
several biological mechanisms suggest that by increas-
ing it, cardiometabolic risk factors such as insulin
HIV Research & Clinical Practice 2022

voL. O No. O

Control Exercise

Forest plots of CD4 count (5A), systolic (5B), and diastolic (5C) blood pressure comparing outcomes of exercise

resistance, lipid profile, body composition, blood pres-
sure and inflammation are also improved.*’ These ben-
efits are particularly important for PLWH, as they
experience an increased incidence of cardio-metabolic
disorders.>® The clinical significance of cardiorespira-
tory capacity improvement, as assessed by VO, max,
has not yet been established in PLWH. Myers et al.>'
reported that 1-MET (3.5 ml/kg/min) increase in exer-
cise capacity was associated with a 12% improvement
in survival of both healthy subjects and those with car-
diovascular disease. For PLWH, O’ Brien et all.'® con-
sidered that an improvement of 2ml/kg/min in VO,
max could indicate an important clinical change. Our
meta-analysis showed a significant improvement of
1.38 ml/kg/min in VO, max, which does not reach the
afore mentioned clinically beneficial levels. However,
this might not be an established conclusion as much
lower changes are possibly associated with improve-
ments in clinically important outcomes. Notably,
Swank et al.’? reported that an improvement of 0.4 ml/
kg/min in VO, max over a period of three months
resulted in improved primary time endpoint to all-
cause mortality or all-cause hospitalization by 5% in
patients with chronic heart failure. Considering cardio-
vascular adaptations, our findings support those of pre-
vious, though heterogeneous in terms of supervision
and exercise intensity, systematic reviews, regarding
the beneficial effect of aerobic exercise on cardio-
respiratory fitness of PLWH.'®-!7-53753

Moreover, chronic pulmonary disabilities and
respiratory symptoms are common findings among
PLWH.>*>® HIV disease is associated with reduced
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diffusion capacity and the development of asthma, car-
diopulmonary dysfunction and obstructive ventilatory
disorders.’®>® Indeed, the association between chronic
obstructive pulmonary disease (COPD) and HIV is
becoming increasingly recognized,’’® as HIV disease
is considered as an independent risk factor for
COPD.>%:%° Despite that, however, only 2 RCTs39‘44,
investigating the effect of aerobic exercise on the lung
function of PLWH, were detected and analyzed in this
review, the results of which showed a significant
improvement of FEV1 in the exercised participants.
This finding is of particular interest since no related
therapies have been tested, specifically in PLWH, and
the optimal therapeutic strategy for chronic lung dis-
eases in PLWH is largely unknown.>®

In addition, hypertension is a traditional risk factor
for cardiovascular disease and a significant cause of
death in people under antiretroviral therapy.®’
Specifically, elevated blood pressure (BP) is one of the
strongest modifiable risk factor, with exercise playing
a key role in its prevention and treatment.®* Based on
the inclusion and exclusion criteria set in this system-
atic review, only two studies*®*® have emerged that
investigated the effect of supervised aerobic exercise
on the SBP and DBP of PLWH. The analysis of these
studies revealed no significant differences in the
changes of SBP and DBP values between the exercise
and control groups. These findings are in line with
those of a recent systematic review and meta-ana-
lysis,'” which found no significant association between
aerobic exercise and a decrease of BP in PLWH. That
review included three studies investigating the effect
of aerobic exercise and eight studies investigating the
effect of aerobic combined with resistance exercise on
PLWH, showing that these forms of exercise did not
affect SBP and DBP, or heart rate in these people.

Our systematic review and meta-analysis also
revealed no significant exercise-induced changes in
CD4 count outcomes, suggesting that continuous
supervised aerobic exercise had no impact on the pro-
gression of HIV. This finding is in agreement with the
results of previous systematic reviews and/or meta-
analyses that investigated the effect of both aerobic
exercise alone or the combination of aerobic and resist-
ance exercise, showing that CD4 T-lymphocyte values
did not change after the completion of the exercise
intervention.'®%*%* Nevertheless, the lack of deterior-
ation of CD4 T-lymphocyte population post-exercise
suggests that supervised aerobic exercise did not
impair the immune status of PLWH.

The prevalence of mental disorders in PLWH is
high and is associated with poor treatment outcomes.
More specifically, depression rates range from 22 to

50% among PLWH.®® The results of our meta-analysis
conducted for depressive symptomatology, are consist-
ent with findings from previous studies concluding that
aerobic exercise is beneficial for the mental health
of PLWH.'**’

To our knowledge, this is the first study investigat-
ing the effects of continuous supervised aerobic exer-
cise on clinical, physiological and mental health
variables of PLWH. It is also the first study that per-
formed meta-analysis on the effect of aerobic exercise
on pulmonary parameters in this specific population.
We used strict inclusion criteria in order to achieve
homogeneity between the studies. Only studies with
usual care in the control condition and exclusively
those that implemented supervised aerobic exercise,
without the combination of another intervention, were
introduced so that the results can be attributed exclu-
sively to the exercise regimen under study while, fur-
ther, homogeneity regarding the frequency of exercise
sessions was high in the studies included in this sys-
tematic review.

Our study has several limitations; the strict inclu-
sion/exclusion criteria set, only allowed the introduc-
tion and analysis of a small number of studies. In
addition, participants involved in the included studies
may exhibit differences in certain characteristics such
as race/ethinicity, age-related exclusions, administra-
tion and type of antiretroviral therapy, the stage of the
disease, and the presence of co-morbidities. Also, the
duration of the exercise intervention that lasted up to
15 weeks, did not allow examining long-term benefits
of exercise. However, we have used a random-effect
model meta-analysis to allow a statistical analysis of
these data. A random effect model meta-analysis
assumes a variation among the included studies, due to
differences in interventions and other factors.®® Also,
thresholds for heterogeneity can be avoided, given the
small number of studies included in our meta-analy-
ses.’® Therefore, the outcomes of our meta-analyses
can be considered with the limitation of the small num-
ber of participants (small sample size) due to small
number of the included studies. In this light, a sensitiv-
ity analysis was not optimal, that would further
decrease the sample size of the analysis. Finally, to
determine publication bias via funnel plots was not
possible, due to the small number of studies included
in each meta-analysis (<10).°

Further research is needed to identify PLWH who
would be expected to benefit most from performing a
supervised aerobic exercise program depending on the
stage of their disease, as well as to determine the opti-
mum dosage of exercise required to reduce disease-
related symptoms, aiming at maximizing the clinical
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benefits. In addition, more RCTs are needed to explore
the impact of supervised aerobic exercise across the
spectrum of clinical, psysiological, and mental health
variables, emphasizing in important understudied
measures such as pulmonary and hemodynamic indi-
ces, the improvement of which may benefit this clin-
ical population. RCTs with higher numbers of
participants and longer duration than those conducted
so far are warranted, in order to draw safe conclusions
regarding the effects of supervised aerobic exercise on
clinical, physiological and mental health variables in
PLWH. Moreover, future studies should focus on the
comparison between supervised and non-supervised
exercise in this population, the elucidation of which,
may lead to the prescription of more effective exer-
cise regimens.

In conclusion, performing supervised, continuous
aerobic exercise, appears to lead in pulmonary, cardio-
respiratory and mental health improvements in PLWH,
while the effects of this exercise regimen on immuno-
logical and hemodynamic variables are less clear.
Physicians should consider supervised exercise as an
intervention for improving quality of life in PLWH.
The results of this systematic review and meta-analy-
ses should, though, be treated with caution, given the
small number of related studies identified.
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Appendix

Search query in Pub Med database

Search: - (((CCCCCCCCCCCCCCCCCC(((("Cardiorespiratory
Fitness"[Mesh]) OR ("Walk Test"[Mesh])) OR
("Pulmonary Ventilation"[Mesh])) OR ("Pulmonary
Gas Exchange"[Mesh])) OR
("Hemodynamics"[Mesh])) OR ("Blood
Pressure"[Mesh])) OR ("Arterial Pressure"[Mesh]))
OR ("CD4 Lymphocyte Count"[Mesh])) OR
("Depression"[Mesh])) OR ("cardiorespiratory
fitness"[Title/Abstract])) OR ("cardiovascular
fitness"[Title/Abstract])) OR ("cardiovascular
parameters"[Title/Abstract])) OR ("VO2 max"[Title/
Abstract])) OR ("maximal oxygen consumption"[Title/
Abstract])) OR ("maximal oxygen uptake"[Title/
Abstract])) OR ("peak oxygen uptake"[Title/
Abstract])) OR ("maximal aerobic capacity"[Title/
Abstract])) OR ("6 minute walk test"[Title/Abstract]))
OR ("6MWT"[Title/Abstract])) OR ("pulmonary
ventilation"[Title/Abstract])) OR ("pulmonary gas
exchange"[Title/Abstract])) OR ("FVC"[Title/
Abstract])) OR  ("forced wvital capacity"[Title/
Abstract])) OR ("forced expiratory volume in one
second"[Title/Abstract])) OR ("FEV1"[Title/
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Abstract])) OR ("hemodynamics"[Title/Abstract])) OR
("haemodynamics"[Title/Abstract])) OR  ("arterial
pressure"[Title/Abstract])) OR  ("systolic  blood
pressure"[Title/Abstract])) OR  ("diastolic  blood
pressure"[Title/Abstract])) OR ("CD4 lymphocyte
count"[Title/Abstract])) OR ("CD4 cell count"[Title/
Abstract])) OR ("depression"[Title/Abstract])) AND
(((((((((HIV[MeSH Terms]) OR (hiv infections[MeSH
Terms])) OR (acquired immunodeficiency
syndrome[MeSH  Terms])) @ OR  ("HIV"[Title/
Abstract])) OR ("HIV infection"[Title/Abstract])) OR
("acquired immunodeficiency syndrome"[Title/
Abstract])) OR ("HIV seropositivity"[Title/Abstract]))
OR  ("human immunodeficiency  virus"[Title/
Abstract])) OR  ("AIDS"[Title/Abstract]))) AND
((((((((((exercise[MeSH  Terms]) OR (endurance
traininglMeSH  Terms])) OR  ("exercise"[Title/
Abstract])) OR ("endurance training"[Title/Abstract]))
OR ("physical exercise"[Title/Abstract])) OR ("exer-
cise training"[Title/Abstract])) OR ("cardiovascular
exercise"[Title/Abstract])) OR ("aerobic
training"[Title/Abstract])) OR ("cardio exercise"[Title/
Abstract])) OR ("aerobic exercise"[Title/Abstract]))
Filters: Randomized Controlled Trial, English
Data extraction table
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Impact of supervised aerobic exercise on clinical physiological and mental parameters of people living with HIV

Risk of bias assessment within studies
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