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ABSTRACT

People living with HIV and AIDS (PLWHA) have decreased functional capacity, muscle
strength and quality of life. Furthermore, HIV/AIDS can cause some adverse eftects and long-
term problems, such as sarcopenia and some peripheral neuropathies. A common practice
among the healthy population that helps to modify these risk factors is to practice of some
kind of exercise, such as aerobic and resistance exercises. The objective of this review is to
assess the possible effects of exercise on the increase in CD4" and/or CD8" T lymphocytes
among PLWHA. The LILACS, IBECS, PubMed/MEDLINE, Cochrane Library, SciELO,
PEDro, ScienceDirect and Bireme databases were systematically searched for randomized
controlled trials. The following descriptors were used in the search in English, Portuguese
and Spanish: HIV, physical functional performance, resistance training, and aerobic exercise.
The methodological quality of the studies was evaluated using the PEDro scale. The data were
read, analyzed, extracted, and synthesized. Of the 3,319 studies consulted, only five met the
inclusion criteria. A synthesis of the five selected studies was performed, all of which were
randomized controlled trials. It was concluded that aerobic and/or resistance exercise protocols
have a positive effect on immunity (CD4" and/or CD8" T lymphocytes and TNF-a) and on the
metabolic/ biochemical profile of PLWHA.
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INTRODUCTION

Acquired immunodeficiency syndrome (AIDS) was first described
in 1981; it is associated with the presence of a novel retrovirus, human
immunodeficiency virus (HIV), and its discovery was a milestone in the
infectious diseases” history (Barré-Sinoussi et al., 1983). The HIV pandemic is
a dynamic and unstable phenomenon of global importance whose occurrence
in different regions of the world depends on individual and collective human
behavior, among other determinants (Gallo, 2021; UNAIDS, 2021; Brazier et
al., 2023).

According to Joint United Nations Program on HIV/AIDS (UNAIDS)
data, as of June 2021, approximately 77.5 million people worldwide have been
infected with HIV. Since the beginning of the pandemic, 34.7 million people
have died from AIDS-related diseases. In total, there were approximately 1.5
million new HIV infections in the world in 2020 (UNAIDS, 2021). In Brazil,
from 2007 to June 2020, 342,459 cases of HIV infection were reported in the
Notifiable Diseases Information System (SINAN), with 152,029 (44.4%) cases
in the Southeast region, 68,385 (20.0%) in the South region, 65,106 (19.0%)
in the Northeast region, 30,943 (9.0%) in the North region, and 25,966 (7.6%)
in the Center-West region. During this same period, a total of 237,551 (69.4%)
cases were reported in men, and 104,824 (30.6%) cases were reported in
women. In 2019, the sex ratio for HIV cases was 2.6 (M:F), i.e., 26 men for
every 10 women (Brazil, 2019).

Although advances in the treatment of HIV and AIDS have reduced
the number of AIDS-related cases and deaths worldwide, the caseload of novel
HIV infections has remained relatively stable, resulting in a continued increase
in overall prevalence. In total, 1.7 million new infections occurred worldwide.
Since the discovery of antiretroviral therapy (ART), the life expectancy of
people living with HIV/AIDS (PLWHA) has nearly tripled from the onset of
new diagnoses (UNAIDS, 2021).

PLWHA have decreased functional capacity, muscle strength, quality
of'life, and, consequently, deterioration of cardiorespiratory fitness. Despite the
improvements in the patients” health provided by antiretroviral therapy (ART),
HIV/AIDS can also cause some adverse effects and long-term problems in
PLWHA, such as sarcopenia and some peripheral neuropathies. Thus, HIV/
AIDS infection is a multidimensional condition that can affect the functional
capacity of these individuals and cause long-term disabilities in this population
(Chetty et al., 2020).

The practice of physical activities, such as Pilates exercises, has been
shown to have an effect on the immune response, reducing proinflammatory
cytokines in people living with human T-lymphotropic virus and improving the
individual’s quality of life (Klautau et al. 2020). Recently, Lenask et al. (2023)
showed that in females, the antigen processing and presentation pathway
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with MHC 1I signaling was blocked by physical activity. Lim et al. (2023)
concluded that in patients with diabetes, a modest level of physical activity
may need to be maintained to reduce the risk of pneumonia. Additionally,
Murugathasan et al. (2023) suggested that chronic moderate exercise can
influence the inflammatory responses of macrophages by reprogramming their
metabolic and epigenetic landscape.

Gomes et al. (2010) demonstrated the efficacy of exercise on the
physiological and immunological functions of PLWHA. Aerobic and/or
resistance exercises provide greater benefits to this population, with the added
bonus of not presenting the toxicity that is generated by drugs and without the
adverse effects of pharmacological interventions.

This systematic review was conducted to describe the current
knowledge on the use of exercise from well-defined protocols as a way to
help increase the number of these cells, which are important for the immune
system of PLWHA. The information generated may be useful for researchers,
professionals and policymakers in the development and implementation of
treatment methods combined with ART to assist in the treatment of PLWHA.

MATERIAL AND METHODS

Study registration

This systematic review was registered in the PROSPERO database
under the number CRD42021261512.

Eligibility criteria for the literature search

Studies that evaluated the effects of resistance and/or aerobic exercise
based on the PICOS (population, intervention, comparison, outcomes, study)
framework were included: (P) People living with HIV/AIDS, (I) Practicing
Exercise, (C) People living with HIV/AIDS and not practicing an exercise
protocol, (O) Increased CD4"/CD8" T lymphocyte count, (S) Randomized
clinical trials.

Data sources and search strategy

The following electronic databases were searched: LILACS, IBECS,
PubMed/MEDLINE, Cochrane Library, SciELO, PEDro, ScienceDirect, and
BIREME (Table 1). A reference lists of the included studies were also manually
searched. Scientific articles written in English, Portuguese and Spanish were
included. There were no restrictions regarding the year of publication or study
type. The search was conducted from May 1, 2021, to June 30, 2021.
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Table 1. Summary of the descriptors used in the search strategy.

Data source Descriptors

LILACS ((HIV) or (acquired immunodeficiency syndrome)
PubMed/MEDLINE or (serodiagndstico del sida) or (sorologia da
BIREME aids)) and ((physical functional performance) or
SciELO (rendimiento fisico funcional) or (desempenho

fisico funcional)) and ((exercicio fisico) or
(ejercicio) or (exercise) or (exercises) or (physical
activity) or (activities physical) or (activity
physical) or (physical activities))

Cochrane Library HIV and physical functional performance and
PEDro physical activity

ScienceDirect

IBECS

Study selection and data collection

A four-stage study selection process was done: identification, selection,
eligibility, and inclusion. The identification stage included all studies found
during the search process. During this stage, the titles and abstracts of all
identified studies were evaluated; those that met the eligibility criteria were
included, while all others were excluded. In the eligibility stage, the full texts
of'the articles were read to confirm that they could be included in the study, and
an eligibility form that contained the established inclusion criteria was used to
record the reasons for exclusion at this stage. The inclusion stage contained
the studies that were used in the systematic review. A consensus meeting was
held between the authors to begin data collection from the selected studies.
During the selection process, the articles were entered into different reference
managers, which were used according to the familiarity of each author. Zotero
was used by the first evaluator, and Mendeley was used by the second evaluator.

Data extraction

During the data extraction process, a standard clinical form was
designed to well-defined extraction from the selected studies. The following
data were extracted into the form created by the authors: title, first author,
country, PEDro score, age, study design, sample, use of ART, time on ART,
type of intervention, variables studied, control group, outcome and results.
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Methodological quality assessment

The methodological quality of each study was analyzed based on
the PEDro scale, which is a specific database for studies that investigate the
effectiveness of physical therapy interventions. Most of its criteria are based
on the Delphi scale and aim to assist users of the PEDro database regarding the
methodological quality of randomized clinical trials and to assess the statistical
description, that is, whether the study contains minimal statistical information
so that the results can be interpreted (Shiwa et al., 2011).

The PEDro scale has a total of 11 evaluation criteria and includes two
additional criteria that were not included in the Delphi scale. The final score
was given by summing the number of criteria that were classified as satisfactory
(1 point) and unsatisfactory (0 points) for criteria 2 to 11. Criterion 1 is not
considered for the final score because it is an item that verifies the external
validity of the study. The final score ranges between 0 and 10 points (Cipolat et
al., 2011; Shiwa et al., 2011; Physiotherapy evidence database, 2021).

The authors applied the scale independently, and disagreements
were resolved through discussion and consensus. Studies with scores equal
or greater than 5 on the scale were considered to have high methodological
quality (Cipolat et al., 2011; Physiotherapy evidence database, 2021).

RESULTS

In total, 3,319 articles were found. Of these, 1,959 were duplicates,
and 650 were excluded because they were book chapters, conference abstracts,
or other types of publication not considered as scientific studies. A total of
708 articles were analyzed by reading the title and the abstract, and 568 were
excluded because they did use exercise as the intervention, they did not examine
CD4" and/or CD8" T lymphocyte counts as the immunological outcome
variables, or they did not examine humans. Of the 142 articles remaining
for full-text evaluation, 122 did not meet the inclusion criteria and they were
excluded because they did not examine the association between physical
training with CD4" and/or CD8" T lymphocyte counts. Twenty articles were
selected because they met the inclusion criteria, but 15 were excluded because
they were not randomized clinical trials. Ultimately, five studies were included
in this review. A flowchart of the study selection process is shown in Figure.

The included studies were determined to have high methodological
quality, according to the PEDro scale evaluation, as they obtained total scores
>6 on a scale from 0 to 10, according to the score of each item in the instrument
(Table 2).
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Articles identified in
the database
(n=3,319)

After excluding
duplicates (n=1,360)

Publications not
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(n=650)

Articles excluded based
on the title and abstract
(n=568)

Did not meet the
inclusion criteria

(n=122)
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Full-text articles
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(n=142)

Articles excluded for
not being randomized
clinical trials
(n=18)

Articles inclued in the
systematic review
(n=5)

| Inclusion | | Eligibility | | Selection | |ldentiﬁcation|

Figure. Flowchart of included studies on exercise and HIV.

Table 2. Methodological quality assessment using the PEDro scale.

Study Quality assessment PEDro score

Ogalha et al. (2011) 1. Yes 2. Yes 3. No 4. Yes 5. No 6/10
6. No 7. No 8. Yes 9. Yes 10. Yes
11. Yes

Ghayomzadeh et al. (2019) 1. Yes 2. Yes 3. No 4. Yes 5. No 6/10
6.No 7. No 8. Yes 9. Yes 10. Yes
11. Yes

Dianatinasab et al. (2018) 1. Yes 2. Yes 3. No 4. Yes 5. No 8/10
6. Yes 7. Yes 8. Yes 9. Yes 10.
Yes 11. Yes

Soares et al. (2022) 1. Yes 2. Yes 3. Yes 4. Yes 5. Yes 10/10
6. Yes 7. Yes 8. Yes 9. Yes 10.
Yes 11. Yes

Zanetti et al. (2020) 1. Yes 2. Yes 3. Yes 4. Yes 5. No 10/10
6. Yes 7. Yes 8. Yes 9. Yes 10.
Yes 11. Yes

1: Eligibility criteria*; 2: Random allocation; 3: Concealed allocation; 4: Comparability
at baseline; 5: Blinded subjects; 6: Blinded therapists; 7: Blinded assessors; 8:
Adequate follow-up; 9: Intention-to-treat analysis; 10: Between-group comparisons;
11: Point estimates and variability. *Criterion 1 does not contribute to the total score

(physiotherapy evidence database).
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A summary of the included studies on the effects of aerobic and/or
resistance physical training on the CD4" T and/or CD8" T lymphocyte counts
of PLWHA was performed. Two studies used combined aerobic and resistance
exercise (80%), and 1 study (20%) used resistance exercise in at least one
of the groups (Table 3). All selected articles were published in English. The
manuscripts were then read, the data were extracted, and the variables were
synthesized. The data extracted from the studies are shown in Table 4.

The study by Ogalha et al. (2011) compared aerobic and resistance
exercise according to anthropometric and laboratory variables and quality of
life in PLWHA. The sample was divided into two groups, with 35 sedentary
patients in the intervention group and 35 sedentary patients in the control group
(receiving only nutritional counseling). The training protocol lasted 24 weeks.
In that study, the intervention group showed decreases in body fat and resting
heart rate and increases in CD4" T lymphocyte levels, vitality, and quality of
life compared to the control group.

The study by Ghayomzadeh et al. (2019) investigated the effect of
acrobic, resistance, and flexibility exercises on anthropometric and laboratory
variables, cardiorespiratory capacity, and quality of life. The sample was
divided into two groups, with 12 sedentary patients in the resistance training
group (RES) and six sedentary patients in the control group (CG). The results
of eight weeks of training were an increase in the CD4* T lymphocyte count
of 28% (111 cells/mm?) in the RES group, while the CG showed a decrease
of =17%, but the difference was not significant. The effects on body fat
percentage reduction, lean mass percentage increase, and fat mass reduction
were significant.

The study by Dianatinasab et al. (2018) investigated the effect of aerobic,
resistance, and flexibility training for 12 weeks in sedentary individuals living
with HIV, evaluating the CD4" T lymphocyte count and health status using the
General Health Questionnaire-28 (GHQ-28). The sample was divided into two
groups, with 14 participants in the exercise group who underwent 12 months
of aerobic, resistance, and flexibility training and 16 in the control group who
did not receive any type of intervention beyond the normal routine services at
the site. The results showed no significant differences in the reduction in the
CD4" T lymphocyte count, but a significant improvement in mental health was
observed in the intervention group compared to the control group.
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The study by Soares et al. (2022) investigated the effects of daily
undulating periodization (DUP) and non-periodized training (NPT) programs
on the physical activity level, which was assessed using the short version of
the International Physical Activity Questionnaire (IPAQ). CD4*, CD8"* and
CD45" T lymphocyte counts were measured as immunological markers. The
anthropometric profile was measured by assessing the following parameters.
Body mass index (BMI) and body mass were calculated. Fat-free mass
(FFM), body fat mass (BFM), body fat percentage (%BF), intracellular (IW)
and extracellular (EW) water were evaluated by tetrapolar bioimpedance.
Muscle strength was measured by the 1RM test. Cardiorespiratory fitness was
measured using the modified Bruce test on a treadmill. Functional aerobic
impairment was calculated from the predicted VO, max. Lower limb strength
was measured by a jump platform.

The individuals evaluated were of both sexes, diagnosed with HIV
infection, on ART for more than one year, 18-60 years of age, and sedentary (30
min of physical activity per day, three days a week) or did not systematically
exercise over the previous six months. The study protocol was performed for
12 weeks with a frequency of three times a week every other day, and acrobic
training was performed in volume and intensity, according to the training heart
rate (tHR). The sample was divided into three groups: 13 patients in the DUP
group, 13 in the NPT group, and 15 in the control group (CG). After 12 weeks,
DUP was more effective in improving muscle strength, muscle power, and
aerobic capacity than NPT. In addition, an increase in the number of TCD4*
cells were observed only in the DUP group. Both training protocols were
effective in increasing %FFM and decreasing %BFM compared to the CG.

In the study by Zanetti et al. (2020), 72 patients with HIV were
randomly allocated to four groups: 21 participants in the placebo group (PL),
21 in the statins group (STA), 20 in the placebo and aerobic and resistance
exercise training (ET) group (PLET), and 20 in the statins and ET group
(STAET). The ET intervention consisted of nonlinear periodized resistance
training, in which in the first session of each week, the participants performed
three sets at the individual’s 4-6 repetition maximum (RM), with a resting
interval of 180 s; in the second session, they performed three sets at 15-20 RM,
with a resting interval of 45 s; in the third session, three sets at 8-12 RM, with
a resting interval of 90 s; and a periodized polarized training program, which
was performed on a treadmill and varied in session volume and intensity,
according to the training heart rate (tHR). In the first session, the participants
performed seven sets of 30 s at an intensity of 85-90% of tHR and 1 min of
passive recovery; in the second session, they performed six sets of 2 min at
70% of tHR and 1 min of recovery at 50% tHR; and in the third session, the
participants performed 25 min at 60% of tHR. The training was performed
three times a week for 12 weeks, and the recruited patients were sedentary
(30 min of physical activity per day, three days in a week) or did not exercise.
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After the intervention, there was an improvement in the hemodynamic profile,
reduction in lactate and in TNF-q, and an increase in adiponectin levels and
CD4" and CD8" T lymphocyte counts in the ET groups (PLET and STAET).

DISCUSSION

During the literature search, it was observed that the protocols used
in the studies were not well defined, as most of them lacked a control group
and they did not examine the use of therapies combined with ART. Thus, only
randomized clinical trials were included since their degree of recommendation
is level A according to the Oxford Center for Evidence-Based Medicine
classification (AMB-CFM, 2002).

No studies were found that met the criteria adopted by this review that
specifically addressed the CD4" and CD8" T lymphocyte counts in individuals
performing resistance and/or aerobic training, as all the studies always included
other additional variables to be analyzed and associated for comparison of
effects between groups.

Of the five studies selected for this review, only one used resistance
training as a protocol, and the others used combined resistance and aerobic
training but with different volume and intensity protocols. The duration of
the protocols varied between eight and 24 weeks of training; however, the
frequency was the same in all studies, which was three nonconsecutive days
per week.

The study by Ogalha et al. (2011) used protocols for therapy combined
with resistance, acrobic, and flexibility exercise, evaluating laboratory variables
such as leukocyte, hemoglobin, and platelet counts, fasting total cholesterol,
viral load, and CD4" and CD8" T lymphocyte counts. Anthropometric variables
were also measured: BMI and skinfolds; treadmill stress test; and quality of
life (assessed by the SF-36). The study participants were required to use ART,
but the minimum time of drug use was not mentioned, which was a limitation.
As a result, this study showed improvement in the body fat reduction, resting
heart rate, CD4" T lymphocyte count, vitality, and quality of life. Erlandson
et al. (2018) applied a protocol with resistance and aerobic training, in which
an improvement in physical performance was observed at the end of the 12-
week protocol, with a significant increase in muscle strength. In that study, the
limitation was no evaluation of the CD4" T lymphocyte count.

The study conducted by Gomes et al. (2008) analyzed the CD4* T
lymphocyte count and the life satisfaction index using a resistance, aerobic,
and flexibility exercise protocol in individuals living with HIV and using
ART. As a result, no significant changes in the CD4" T lymphocyte levels
were observed in either group, despite the clear increase in the T-cell count
in the experimental group, whose positive percentage variation in terms of
the absolute count exceeded 12%, while in the control group, it decreased by
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approximately 14%. Additionally, the intervention was able to significantly
improve the perceived satisfaction with life of people with HIV/AIDS without
causing immunological losses.

The study by Ghayomzadeh et al. (2019) used progressive elastic
band resistance exercise as a training protocol, combining these bands
with bodyweight exercises to increase intensity. This study evaluated body
composition and CD4" T lymphocyte count, and the results were: a reduction
in percentage body fat, an increase in percentage lean mass, a reduction in fat
mass, and an increase in the CD4" T lymphocyte count of ~28% in the RES
group, while the CG group showed a decrease of ~17%.

Vaiyapuri etal. (2014) conducted a study to evaluate functional capacity,
quality of life, and CD4* T lymphocyte count using only progressive resistance
exercise for the main muscle groups. As a result, progressive resistance exercise
was able to increase the functional capacity and CD4* T lymphocyte count and
consequently improve the quality of life of the population that performed the
exercise protocol. The limitation of the study was that it included patients who
were not using ART, which may have interfered with the results. The study
by Ghayomzadeh et al. (2019) adopted the mandatory use of ART for at least
three months as an inclusion criterion, and the results may therefore be more
reliable.

Dianatinasab et al. (2018) also studied the use of acrobic exercise
combined with resistance and flexibility exercise at the end of therapy, as it
was done in the study by Ogatha et al. (2011), but it did not report the use
of ART as mandatory in all individuals included in the experimental group,
which might also be a limitation. The findings of that study did not show
significant differences in the reduction in CD4" T lymphocyte count, showing
only improvement in mental health in the experimental group. Thus, the use of
ART is important to help increase the CD4* T lymphocyte count in individuals
living with HIV.

In the study by Soares et al. (2022), it was used a resistance and acrobic
exercise protocol combined with daily undulating periodization (DUP) and
non-periodized training (NPT) programs for 12 weeks. DUP was observed
to be more effective in improving muscle strength, muscle power, and
aerobic capacity than NPT. In addition, an increase in the number of CD4*
T lymphocytes was observed only in the DUP group. Both training protocols
were effective in increasing %FFM and decreasing %BFM compared to the
CG.

Lazzarotto et al. (2016) conducted a study evaluating the effects of
concurrent training on immunity and physical fitness in PLWHA, evaluating
the CD4" and CD8* T lymphocyte counts and cardiorespiratory capacity after
12 weeks of training. The authors observed that concurrent training with
single sets resulted in a significant increase in TCD4" cells, a nonsignificant
difference in TCDS8" cells, and a decrease in viral load or maintenance of
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undetectable viral load in the study participants. Concurrent training with
single sets may be a safe therapeutic strategy for these individuals since it did
not cause deleterious effects on the immune system or increase the viral load.

Similar results were found in the study by Garcia et al. (2014), who
investigated the influence of combined resistance and aerobic training on the
immunological, physical, and biochemical parameters of individuals living
with HIV. The protocol consisted of a circuit with 12 interrupted exercises
with an interval of 90 s, and after the complete circuit, the sequence was
repeated three times. After resistance exercise, aerobic exercise was performed
by means of a 400-m treadmill run for 30 min. The results showed that the
combined exercise (resistant and aerobic) induced a significant increase in the
number of CD4+ T lymphocytes, as well as in the CD4"/CD8" T-cell ratio,
which reflects a relevant benefit to the immune system of individuals infected
with HIV. The protocol was performed with individuals who used ART for a
prolonged period of time, but this study did not establish a specific ART use
timeframe.

Zanetti etal. (2020) conducted a similar study with a protocol combining
resistance and aerobic training, and one of the most important findings was the
observation of increased CD4* and CD8" T lymphocyte counts in the PLET
and STAET groups, which evidenced an immune system improvement through
ET. These results are similar to those of the study conducted by Maduagwu
et al. (2015), in which aerobic training for 12 weeks was associated with a
significant increase in CD4" T-cell counts and metabolic profile improvement
in patients undergoing the intervention when compared to the control group. In
the study conducted by Bessa et al. (2017), after a 12-week resistance training
program, there was an increase in the CD4" T lymphocyte count. All the
studies cited above included ART use as an inclusion criterion, ranging from
three months to one year of treatment.

The mechanisms by which exercise increases immune cell counts
remain unclear. However, it is speculated that exercise has an action on
lymphoid organs, especially the spleen, causing positive regulation of CD4"
T lymphocytes (Gleeson et al., 2011). Thus, in addition to the positive effects
on physiological functioning, PLWHA benefit from an improvement in the
immune system.

Much has been published recently on the effects of exercise on
PLWHA. However, some studies have limitations regarding the standardization
of medications administered in terms of their ART protocols and their use as
an inclusion criterion, which may affect the results provided by an exercise
protocol.
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In the present review from five studies, only one study did not adopt
ART as a criterion, negatively affecting the study outcome. Therefore, it is
suggested that in future studies, the ART protocol should be standardized and
clearly reported in the methods section so that the benefits found to be provided
by exercise can be corroborated.

Nevertheless, it is concluded that aerobic and/or resistance exercise
protocols have a positive effect on immunity (CD4* and/or CD8" T lymphocytes
and TNF-a) and on the metabolic/biochemical profile of PLWHA.
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