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Abstract

Background: HIV is increasingly considered a chronic illness. More individuals are living longer and aging with the
health-related consequences associated with HIV and multi-morbidity. Exercise is a self-management approach that
can promote health for people aging with HIV. We examined the safety and effectiveness of progressive resistive
exercise (PRE) interventions on immunological, virological, cardiorespiratory, strength, weight, body composition,
and psychological outcomes in adults living with HIV.

Methods: We conducted a systematic review using the Cochrane Collaboration protocol. Searching databases up
to April 2013, we included randomized controlled trials that compared PRE with no exercise or another intervention
performed at least three times per week for at least four weeks with adults living with HIV. Two reviewers
independently determined study eligibility. We extracted data from included studies and assessed risk of bias using
the Cochrane Collaboration risk of bias tool. Meta-analyses were conducted using random effects models with
Review Manager (RevMan) computer software.

Results: Twenty studies met inclusion criteria (n = 764 participants at study completion); the majority of
participants were men (77%) taking antiretroviral therapy (14/20 included studies). Exercise interventions included
PRE alone (8 studies) or a combination of resistive and aerobic exercise (12 studies) ranging from 6 to 52 weeks in
duration. Thirty-four meta-analyses were performed. Results demonstrated statistically significant improvements in
cardiorespiratory status (maximum oxygen consumption, exercise time), strength (chest press, knee flexion), weight,
and body composition (arm and thigh girth, leg muscle area) among exercisers versus non-exercisers. We found no
significant differences in change in CD4 count and viral load. We were unable to perform meta-analyses for
psychological outcomes however results from individual studies demonstrated improvements in health-related
quality of life with exercisers compared with non-exercisers.

Conclusions: Performing progressive resistive exercise (PRE) or a combination of resistive and aerobic exercise at
least three times per week for at least six weeks is safe and can lead to improvements in cardiorespiratory fitness,
strength, weight, and body composition for adults with HIV. Exercise may be considered a safe and beneficial for
enhancing the health of medically stable adults aging with HIV.
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Background
HIV is increasingly considered a chronic illness for
people who have access to combination antiretroviral
therapy. Many individuals are living longer and now
aging with the health-related consequences of HIV and
associated multi-morbidity [1–4]. These health conse-
quences (known as disability) may include physical, cog-
nitive, mental and emotional symptoms and
impairments, difficulties with daily activities, challenges
to social inclusion, and uncertainty or worrying about
future health [5].
Exercise is a self-management strategy that can ad-

dress disability and improve or sustain the health of
people aging with HIV and multi-morbidity [6]. Exercise
can improve strength, cardiovascular fitness, and quality
of life outcomes in healthy populations [7, 8] and among
people living with complex chronic illness [9]. Compar-
able benefits were found in an former version of this
systematic review examining the effect of resistive exer-
cise among adults living with HIV [10]. However, issues
continue to emerge since the advent of combination
antiretroviral therapy such as the risk of cardiovascular
disease, diabetes, and changes in body composition for
adults living with HIV [11]. A recent systematic review
focused on aerobic exercise demonstrated benefits to
cardiorespiratory fitness, strength, weight, body compos-
ition, and quality of life for adults with HIV [12]. None-
theless, awareness of the benefits and risks of strength
and resistance training, and optimal parameters for exer-
cise for adults living with HIV continues to emerge. By
better understanding the risks and benefits of exercise in
the context of HIV, particularly the impact of resistance
training, suitable exercise may be more widely adopted
by people living with HIV; and healthcare providers may
better promote safe and effective uptake of exercise in
clinical practice.
The purpose of this study was to examine the safety

and effectiveness of progressive resistive exercise (PRE)
interventions on immunological, virological, cardiorespi-
ratory, strength, weight, body composition, and psycho-
logical outcomes in adults living with HIV.

Methods
We conducted a systematic review using the Cochrane
Collaboration protocol [13].

Inclusion criteria
We included randomized controlled trials (RCTs) that
compared progressive resistance exercise (PRE) (or com-
binations of progressive resistance and aerobic exercise)
with no PRE or another exercise or treatment interven-
tion performed at least three times per week for at least
four weeks [14]. Similar to our previous review, “we in-
cluded studies of adults (18 years of age and older) living

with HIV at all stages of infection with or without co-
morbidities” [12]. We defined PRE as any intervention
that contained resistive exercise interventions performed
at least three times per week for at least four weeks. PRE
involved any activity containing resistive exercise that in-
cluded but was not limited to weight strengthening, iso-
tonic and isometric strengthening exercises. We
included both supervised and un-supervised interven-
tions [14].

Outcomes
We assessed outcomes including “immunological (CD4
count, cells/mm3) and virological (viral load, log10 cop-
ies) outcomes. Cardiorespiratory measures included but
were not limited to maximal oxygen consumption
(VO2max), exercise time, maximum heart rate, and rate
of perceived exertion. Strength measures included
amount of weight able to resist in kilograms (1-repeti-
tion maximum) for major muscle groups. Weight and
body composition measures included any outcome that
contributes to the direct or indirect measurement of
muscle, fat, bone or other tissues of the body. These
included but were not limited to body weight, body
mass index, lean body mass, girth, percent body fat,
cross-sectional muscle area, and waist and hip cir-
cumference. Psychological measures included general
measures of psychological status and health-related
quality of life” [12].

Search strategy
In the update of this systematic review, we searched da-
tabases from 2009 to April 19 2013 including “Medline,
Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, Database of
Abstracts of Reviews of Effects, PsycINFO, CINAHL,
EMBASE, Web of Science: Science Citation Index,
SPORTdiscus, Virology and AIDS Abstracts and LI-
LACS. We also searched https://clinicaltrials.gov/ and
reference lists from pertinent articles. All languages were
included” [12]. See Additional file 1 for the MEDLINE
search strategy that we modified for use with other
databases.

Selection of included studies
Abstracts yielded “from the search were reviewed inde-
pendently by two reviewers (KKO and AMT)” [12]. We
identified abstracts of studies that met the following cri-
teria: a) participants were adults (18 years of age or
older) living with HIV; and b) the study included a re-
sistive exercise intervention performed at least three
times per week, at least 20 min per session for at least
four weeks; and c) included a randomized controlled
comparison group.
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“When one or both raters of the abstracts believed the
study met eligibility criteria then full versions of the article
were independently reviewed by the two reviewers to de-
termine inclusion. In instances where there was a lack of
agreement by the two reviewers, a third reviewer reviewed
the full article to determine final inclusion” [12].

Data extraction
Two reviewers (KKO, and/or AMT and SAN) independ-
ently extracted the data onto data extraction forms.
“Data extracted included the study citation, study objec-
tives, study design, length of study, time at which partic-
ipants were assessed, inclusion and exclusion criteria for
participants, characteristics of included participants (i.e.,
age, gender, stage of disease, comorbidity), description of
intervention(s) (i.e., frequency, intensity, duration, type,
level of supervision, location of intervention), types of
outcome variables assessed and their values at baseline
and study completion, and number of participants at
baseline and study completion (including number of
withdrawals) [12]. The reviewers met to achieve consen-
sus regarding any difference in data interpretation or ex-
traction from included studies that arose during the
review process” [12]. Authors of included studies were
contacted to obtain additional information or clarifica-
tion if needed.
“Two authors assessed the risk of bias in the included

studies using the Cochrane Collaboration tool for asses-
sing risk of bias [15]. Potential biases may have included
selection bias (random sequence generation and alloca-
tion concealment which may result in systematic differ-
ences in the comparison groups), performance bias (lack
of blinding of participants and personnel which could
lead to systematic differences in the care provided apart
from the intervention being evaluated), detection bias
(lack of blinding of outcome assessment that may result
in systematic differences in outcome assessment), attri-
tion bias (incomplete outcome data), and reporting bias
(selective reporting of outcomes)” [12, 15].
We used the Grading of Recommendations Assess-

ment, Development, and Evaluation (GRADE) method,
to assess the overall quality of evidence for the main
comparison of PRE or combined PRE and aerobic exer-
cise versus no exercise with the following seven out-
comes: viral load, VO2max, upper body strength, lower
body strength, body weight, body mass index and fat
mass [16]. These seven outcomes (also included in a
summary of findings table) were chosen based on their
perceived clinical importance and importance to adults
living with HIV [17]. “We rated the quality of evidence
for outcomes based on categories of very low, low, mod-
erate and high [18]. We downgraded the evidence from
high quality by one level for each of the following: attri-
tion bias (where withdrawal rates were >15%),

performance bias (when participants were not blinded to
the intervention), detection bias (when assessors of out-
comes were not blinded to group allocation), publication
bias (when publication bias was suspected), and incon-
sistency (when moderate I2 ≥40% or substantial I2 > 75%
heterogeneity exists)” [12, 19, 20].
We developed a summary of findings (SoF) table for

the main comparison of PRE or combined PRE and aer-
obic exercise versus no exercise with the above seven
outcomes. “The SoF table was developed to illustrate the
confidence in the effect estimates (quality of evidence
using the GRADE method) and magnitude of effect for
the seven key outcomes” [12, 17].

Analysis
“Outcomes were analyzed as continuous and dichotom-
ous outcomes whenever possible. Meta-analyses were
performed using the random-effects model for outcomes
using Review Manager (RevMan) computer software
whenever sufficient data were available, when similar or
comparable outcome measures were used, and when
participant comparison groups were similar” [12, 21].
“For continuous outcomes, the weighted mean differ-

ence (WMD) and 95% confidence intervals for the
means were calculated whenever possible. For dichotom-
ous outcomes, the odds ratio, absolute difference in
odds, relative risk (RR), risk difference (RD), and the
number needed to treat (NNT) and 95% confidence in-
tervals for dichotomous outcomes whenever possible. A
p value of less than 0.05 indicated statistical significance
for overall effect” [12]. We performed subgroup analyses
when possible to estimate whether PRE interventions
were associated with differences among groups.
Similar to our previous systematic review, “we consid-

ered 50 cells/mm3 to indicate a clinically important
change in CD4 count and 0.5 log10 copies to indicate a
clinically important change in viral load. For cardiorespi-
ratory outcomes, we considered 2 mL/kg/min to indicate
a clinically important change in VO2max, 10 beats per
minute to indicate a clinically important change in heart
rate maximum (HRmax), and 5 min to indicate a clinic-
ally important change in exercise time. For strength out-
comes we considered 5 kg to indicate a clinically
important change in strength for lower extremities, 2 kg
to indicate a clinically important change in strength for
upper extremities. For weight and body composition
outcomes, we considered 3 kg to indicate a clinically im-
portant change in body weight (which equals approxi-
mately 5% of the average baseline body weight of
participants), 5 cm to indicate a clinically important
change in girth (arm and thigh), 5 kg/cm2 to indicate a
clinically important change in body mass index, 5 kg to
indicate a clinically important change in fat mass, and
5 cm2 to indicate a clinically important change in leg
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muscle area. For psychological outcomes, we considered
10 points to indicate a clinically important change in the
sub scales of the SF-36 quality of life questionnaire [12,
22]. We based these a priori estimates on a combination
of clinical experience and interpretations in the individ-
ual included studies” [12].
“We considered a p value of less than 0.1 as statistical

significance for heterogeneity between studies [23] and
I2 < 40 as low heterogeneity, I2 > 40–75% moderate, and
I2 > 75% substantial heterogeneity [19]. In instances of
lack of statistical significance for an overall effect, confi-
dence intervals were assessed for potential trends that
may suggest movement towards an increase or decrease
in overall effect. In instances of statistical significance
for heterogeneity, we performed sensitivity analyses and
explained potential reasons for heterogeneity” [12].

Results
Ten studies were included in the former systematic re-
view. For this update, we identified a total of 655 cita-
tions, 64 of which merited full review of the article. Of
the 64 studies reviewed, 10 met the inclusion criteria,
one of which was a duplicate publication reporting on
the same study [24]. We identified one additional study
that met the inclusion criteria after scanning reference
lists of pertinent articles, resulting in a total of 10 studies
included in this update (Agostini [25], Balasubramanyam
[26], Farinatti [27], Fitch [28], Lindegaard [29], Ogalha
[30], Perez-Moreno [31], Sakkas [32], Tiozzo [33], Yara-
sheski [34]) (Fig. 1-PRISMA Flow Diagram). Thus, 20
studies (10 from the previous review and 10 from this
update) were included in this systematic review (See
Table 1-Selected Characteristics of Included Studies and
Additional file 2 for Detailed Characteristics of Included
Studies) [25–44]. Eight additional articles were identified
as duplicate publications that related to studies included
in the review: Kaushik [24] and Fitch [28]; Schroeder
[45] Jaque [46] Sattler [47] Schroeder [48] and Sattler
[42]; Lox [49] and Lox [40]; Fairfield [50] and Grinspoon
[39]; and Driscoll [51] and Driscoll [38]. “In these in-
stances, we extracted outcomes from all available
sources but refer to the initial citation or the citation
that included our primary outcomes of interest” [12].

Included studies
All 20 included studies were randomized controlled tri-
als. Ten studies included a non-exercising control group
[27, 28, 31, 33, 36, 37, 39, 41, 44, 49] and one study in-
cluded a non-exercising counselling group versus exer-
cise [41]. Twelve studies included groups involving a co-
intervention, comparing exercise with diet or nutritional
counselling versus diet or nutritional counselling alone
(Shevitz [43] diet and oxandrolone; Ogalha [30] nutri-
tional counselling; Balasubramanyam [26] low lipid diet

with exercise recommendation; Agostini [25] standard
diet); exercise with metformin versus metformin alone
(Driscoll [38]; Fitch [28]); exercise with testosterone ver-
sus testosterone alone (Grinspoon [39]; Sattler [42]; Bha-
sin [36]); exercise with whey protein versus whey protein
alone (Agin [35]); exercise with creatine versus creatine
alone (Sakkas [32]) and exercise with pioglitazone versus
pioglitazone alone (Yarasheski [34]).
Six studies included a comparison group of PRE alone,

three of which compared PRE versus non-exercising con-
trol (Spence [44]; Lox [40]; Bhasin [36]), three compared
PRE versus PRE in combination with a co-intervention in-
cluding whey protein (Agin [35]), testosterone (Bhasin
[36]) and creatine (Sakkas [32]), and two compared PRE
versus aerobic exercise (Lindegaard [29], Lox [40]).
In 17 studies exercise was supervised and in the

remaining three studies, the level of supervision was not
reported [26–31, 33–35, 37–39, 41–44, 49]. One study
involved a supervised home-based exercise intervention
[37]. Nine studies included exercise at supervised facil-
ities such as a hospital [34, 35, 38], exercise laboratory at
a university, exercise facility, fitness or wellness centre
[29, 30, 33, 42], gymnasium [26], or prison [31]; whereas
the location of exercise was not specified in the
remaining 11 studies.

Characteristics of participants
A total of 983 participants were included in the review
(number of participants in included studies at baseline).
Participants were adults living with HIV with CD4
counts ranging from <100 cells/mm3 to >1000 cells/
mm3. Women comprised approximately 23% of the total
number of participants at study completion. The mean
age of the participants ranged from 32 to 49 years (in-
clusion criteria ranged from 18 to 65 years of age).
Three studies (15%) were published before 1996, the

timing of the introduction of combination antiretroviral
therapy [40, 41, 44] followed by four (20%) between
1998 and 2002 [35, 36, 39, 42], five (17%) between 2004
and 2008 [29, 31, 37, 38, 43] and eight (40%) between
2009 and 2013 [25–28, 30, 32–34]. The majority of par-
ticipants in 14 studies were taking combination anti-
retroviral therapy including 72% [39]; 82% [37], 80% [42,
43] and 100% [25–30, 32–34, 38] (Table 1; Additional
file 2).
Twelve studies included participants living with con-

current health conditions in addition to HIV. Seven
studies included participants with dyslipidemia [26, 29],
lipodystrophy [29, 30], changes in fat distribution [37,
38], hyperinsulinemia [38], insulin resistance, glucose in-
tolerance and central adiposity [34], and metabolic syn-
drome [28]. Four studies included participants with
AIDS wasting or involuntary weight loss [35, 36, 39, 43].
One study included prison inmates with Hepatitis C co-
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infection who were on methadone maintenance [31]. See
Table 1; Additional file 2 for more detail on personal
characteristics of participants within included studies.

Outcomes of included studies
All but four included studies (20%) assessed immuno-
logical or virological outcomes or both, with CD4 count
or viral load [25, 32, 35, 44]. Thirteen of the 20 included
studies (65%) assessed cardiorespiratory outcomes [26–
31, 33, 37, 38, 41, 43, 44, 49]. Sixteen studies (80%)
assessed strength outcomes [27–29, 31–33, 35–39, 41–
44, 49]. Nineteen studies (95%) assessed weight and body
composition outcomes [25–39, 42–44, 49]. Seven studies
(35%) assessed psychological outcomes in the form of
mood and life satisfaction, and health-related quality of
life. [30, 31, 33, 35, 36, 40, 43]. Safety (assessed by moni-
toring adverse events) was reported in 13 studies (65%)
[26–28, 31, 34–39, 41–43] (see Table 2 for an overview
of outcomes assessed in individual studies; see Add-
itional file 3 for a detailed overview of results of out-
comes assessed of included studies).

Correspondence with authors
Three of five authors we wrote to asking for additional
data and clarification responded. “Yarasheski provided
additional data including mean change and standard

deviations of body mass index outcomes and viral
load outcomes [34]. Agostini clarified the intervention
included a combination of aerobic and resistive exer-
cise and provided more details on the intervention.
Authors indicated they were not able to provide raw
data on body weight, fat mass, muscle mass, or waist
circumference (data were reported as % increase or
decrease) [25]. We requested SF-36 Physical Compo-
nent Scores (PCS) and Mental Component Scores
(MCS) from Tiozzo who responded with data on the
eight SF-36 sub-scale scores” [12, 33].

Risk of bias
See Fig. 2 for the risk of bias within included studies.
Further detail is provided below.

Allocation (Selection Bias)

3.5.1.1.Random sequence generation Authors from all
20 included studies reported using randomization to al-
locate participants to the comparison groups. However,
an overall unclear risk for selection bias exists because
authors from 11 of the 20 studies (55%) did not describe
the process for randomization [25, 27, 29–32, 34, 41, 43,
44, 49]. Low risk for selection bias was apparent in the

Fig. 1 PRISMA Flow Diagram of Included Studies in Progressive Resistive Exercise (PRE) and HIV Systematic Review Update
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Table 1 Selected characteristics of included studies in the Progressive Resistive Exercise (PRE) and HIV systematic review (n = 20) (for
further details, see Additional file 2)

Study Methods Sample Size (at
baseline)

%
Women

% Taking combination
ART

Participants (at
study
completion)

Withdrawal
Rate

Agin (2001) [35] Randomized combined PRE and whey
protein vs whey protein alone vs PRE
alone [3 groups]

43 (with wasting) 100% Unknown 30 13/43 (30%)

Agostini (2009)
[25]a, b

Randomized combined AER + PRE vs
diet and aerobic exercise
recommendation alone (no exercise)
[2 groups]

76 39% 100% 70 6/76 (8%)

Balasubramanyam
(2011) [26]a, b

Randomized trial with five groups. In
this review we compared diet and
exercise (lifestyle change) vs usual care
(no exercise) [2 groups]

191 (with
dyslipidemia)

13% 100% 128
(68
participants in
the 2
comparison
groups of
interest)

63/191
(33%)

Bhasin (2000) [36] Randomized PRE vs PRE + testosterone
vs testosterone only vs no exercise [4
groups]

61 (with involuntary
weight loss and low
testosterone)

0% 100% taking ARVs
(unclear whether it was
cART)

49 12/61 (20%)

Dolan (2006) [37]b Randomized constant ARE +PRE vs no
exercise
[2 groups]

40 (with self-
reported and phys-
ical evidence of
changes in fat
distribution)

100% 82% taking ARVs
(unclear whether it was
cART)

38 2/40 (5%)

Driscoll (2004a)
[38]b

Randomized combined AER + PRE and
metformin vs metformin alone
[2 groups]

37 (evidence of fat
redistribution and
hyperinsulinemia)

20% 100% 25 12/37 (32%)

Farinatti (2010)
[27]a, b

Randomized constant AER + PRE
exercise vs no exercise [2 groups]

27 Not
reported

100% 27 0/27 (0%)

Fitch (2012) [28]a,
b

Randomized constant AER + PRE
exercise (LSM) vs AER + PRE exercise +
metformin vs no LSM and metformin
alone vs versus no exercise (no LSM or
metformin)
[4 groups]

50 (with metabolic
syndrome)

24% 100% 36 14/50 (28%)

Grinspoon (2000)
[39]b

Randomized PRE + AER vs PRE + AER
and testosterone vs testosterone alone
vs no exercise [4 groups]

54 (with AIDS-
related wasting)

0% 72% 43 11/54 (20%)
[4/26 (15%)
from the 2
groups of
interest]

Lindegaard (2008)
[29]a, b

Randomized AER vs PRE [2 groups] 20 (with
dyslipidemia,
lipodystrophy)

0% 100% 18 2/20 (10%)

Lox (1995) [40]b Randomized constant AER vs PRE vs no
exercise [3 groups]c

22 (aerobic and
control groups only)

0% 100% (taking some
form of ARV therapy
that may or may not
have been in
combination)

21 1/22 (4%)

Ogalha (2011)
[30]a, b

Randomized AER+ PRE + nutrition
counseling vs nutrition counseling
alone
[2 groups]

70 (lipodystrophy in
54% of participants)

46% 100% 63 7/70 (10%)

Perez-Moreno
(2007) [31]a, b

Randomized constant AER+ PRE vs no
exercise [2 groups]

27 (prison inmates
living with Hepatitis
C co-infection)

0% 10% 19 8/27
(30%)

Rigbsy (1992) [41] Randomized constant AER+ PRE vs no
exercise (counselling) [2 groups]

45 (37 HIV+) 0% Not reported 31 (24 HIV+) 13/37 (35%)

Sakkas (2009) [32]a Randomized PRE+ creatine vs PRE
alone

40 0% 75% 33 7/40 (18%)

O’Brien et al. BMC Infectious Diseases  (2017) 17:268 Page 6 of 23



remaining nine studies (45%) that described the process
for randomization [26, 28, 33, 35–39, 42] (Fig. 2).

3.5.1.2.Allocation concealment Overall an unclear risk
of selection bias exists as 13 of the 20 included studies
(65%) did not describe the allocation sequence of partici-
pants [25–30, 33, 34, 36, 41, 43, 44, 49]. Seven studies
(35%) had low risk for selection bias because authors de-
scribed methods they used to conceal the allocation se-
quence of participants [31, 32, 35, 37–39, 42] (Fig. 2).

Blinding

3.5.2.1.Performance bias Overall a high risk of perform-
ance bias exists across the included studies. Seventeen
of the 20 included studies (85%) had a high risk for per-
formance bias due to lack of participant blinding to the
exercise intervention. Five studies reported single-
blinding of outcome assessors to the group allocation
[26–28, 31, 32]. In six studies, participants were blinded
to co-interventions including metformin [28], creatine
[32], oxandrolone [43] and testosterone [36, 39, 42].
However, all of the above studies were considered as
high risk for bias because of the inability to blind partici-
pants from the exercise intervention (Fig. 2). Unclear or
low risk of performance bias was evident in three studies
that compared resistive versus aerobic exercise, where
both comparison groups involved some type of exercise
or when blinding was unclear [25, 29, 32] (Fig. 2).

3.5.2.2.Detection bias Overall an unclear risk of detec-
tion bias exists as 12 of the 20 included studies (60%)
did not provide enough information about whether the
study personnel were blinded to the outcomes assessed.
Five studies (25%) had low risk for detection bias be-
cause authors reported that outcome assessors were
blinded to group allocation [26–28, 31, 32] (Fig. 2).

Incomplete outcome data (Attrition Bias)
A total of 195 participants (20%) withdrew from the in-
cluded studies (195/959 participants at baseline). With-
drawal rates among individual studies ranged from 0%
[27, 40] to 38% [33] (Table 1; Additional file 2). Overall
a high risk of attrition bias exists as 11 of the 20 in-
cluded studies (55%) reported rates of withdrawal
greater than 15%. The remaining nine studies (45%) had
low risk of attrition bias with withdrawal rates <15% [25,
27, 29, 30, 34, 37, 42, 43, 49] (Fig. 2).
The rates of withdrawal were similar between compari-

son groups in most studies. Authors of one study reported
that older participants with less familial history of diabetes
remained in the study [26]. Almost all of the included
studies (19/20; 95%) mentioned participants who were
non-adherent with the exercise intervention or withdrew
from the study. Spence [44] did not report on any with-
drawal of participants. See Table 1 for the proportion of
participants who withdrew from individual studies.
Authors reported on adherence to the exercise interven-

tion in seven of the 20 included studies (38%). Adherence
rates ranged from 71% to 99% [27, 29, 31–34, 37]. Sakkas

Table 1 Selected characteristics of included studies in the Progressive Resistive Exercise (PRE) and HIV systematic review (n = 20) (for
further details, see Additional file 2) (Continued)

[2 groups]

Sattler (1999) [42] Randomized PRE+ testosterone vs
testosterone only
[2 groups]

33 0% 80% 30 3/33 (9%)

Shevitz (2005) [43] Randomized combined PRE+
nutrition + oxandrolone vs
nutrition + oxandrolone vs nutrition
alone
[3 groups]

50 (with wasting) 30% 80% 47 3/50 (6%)

Spence (1990) [44] Randomized PRE vs no exercise
(control)
[2 groups]

24 0% 100% taking AZT NR Unknown

Tiozzo (2011) [33]a,
b

Randomized constant AER + PRE vs no
exercise (control) [2 groups]

37 39% 100% 23 14/37 (38%)

Yarasheski (2011)
[34]a, b

Randomized constant AER+ PRE+
pioglitazone vs pioglitazone only
[2 groups]

44 (with insulin
resistance, impaired
glucose intolerance
and central
adiposity)

13% 100% 39 5/44 (11%)

aStudy included in this update of the systematic review;
bStudy also included in systematic review examining effect of aerobic exercise with adults living with HIV [12] https://bmcinfectdis.biomedcentral.com/articles/
10.1186/s12879-016-1478-2; cFor this review, PRE and control groups were included in meta-analyses; PRE progressive resistive exercise, AER aerobic exercise, NR
not reported, ART antiretroviral therapy, cART combination antiretroviral therapy, HAART highly active antiretroviral therapy, 1RM 1 repetition maximum, HR heart
rate, reps repetitions, LSM lifestyle modification
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Table 2 Outcomes assessed in individual studies included in the Progressive Resistive Exercise (PRE) and HIV systematic review (for
details of outcomes and authors’ conclusions, see Additional file 3)

Study Immunological
and Virological

Cardiorespiratory Strength Weight and Body
Composition

Psychological Adverse
Events

Agin (2001) [35] Not assessed Not assessed Upper and lower
extremity
strength

Weight
Body
Composition

Health-related
quality of life

Assessed

Agostini (2009)
[25]a, b

Not assessed Not assessed Not assessed Weight
Body
Composition

Not assessed Not
reported

Balasubramanyam
(2011) [26]a, b

CD4 count
Viral load

VCO2, VO2, respiratory quotient,
resting energy expenditure

Not assessed Weight
Body composition

Not assessed Assessed

Bhasin (2000) [36] CD4 count
Viral load

Not assessed Upper and lower
extremity
strength

Weight
Body
Composition

Health-related
quality of life

Assessed

Dolan (2006) [37]b CD4 count
Viral load

6MWT
VO2max

Weight
Body
Composition

Not assessed Assessed

Driscoll (2004a)
[38]b

CD4 count
Viral load

Exercise Time Upper and lower
extremity strength

Weight
Body
Composition

Not assessed Assessed

Farinatti (2010)
[27]a, b

CD4 count Slope and intercept for HR-
workload

Upper and lower
extremity strength

Body
Composition

Not assessed Assessed

Fitch (2012) [28]a, b CD4 count
Viral load

VO2max and Endurance Time Upper and lower
extremity
strength

Body
Composition

Not assessed Assessed

Grinspoon (2000)
[39]b

CD4 count
Viral load

Not assessed Upper and lower
extremity
strength

Weight
Body
Composition

Not assessed Assessed

Lindegaard (2008)
[29]a, b

Not reported VO2max Upper and lower
extremity
strength

Weight
Body
Composition

Not assessed Not
reported

Lox (1995) [40]b CD4 count
Viral load

VO2max
Heart Rate

Upper and lower
extremity
strength

Weight
Body
Composition

Mood and Life
Satisfaction

Not
reported

Ogalha (2011)
[30]a, b

CD4 count VO2max Not assessed Weight
Body
Composition

Quality of Life Not
reported

Perez-Moreno
(2007) [31]a, b

CD4 count Workrate maximum
HRmax

Upper and lower
extremity
strength

Body
Composition

Quality of Life Assessed

Rigsby (1992) [41] CD4 count Aerobic Capacity
Heart Rate
Total Time to Voluntary Exhaustion

Upper and lower
extremity
strength

Not assessed Not assessed Assessed

Sakkas (2009) [32]a Not assessed Fatigue Upper and Lower
Body Strength

Weight
Body
Composition

Not assessed Not
reported

Sattler (1999) [42] CD4 count Not assessed Upper and Lower
Extremity Strength

Weight
Body
Composition

Not assessed Assessed

Shevitz (2005) [43] CD4 count
Viral load

Endurance Tolerance Upper and Lower
Extremity Strength

Weight
Body
Composition

Quality of Life
Adjusted Years

Assessed

Spence (1990) [44] Not assessed Not assessed Upper and Lower
Extremity Strength

Weight
Body
Composition

Not assessed Not
reported

Tiozzo (2011) [33]a,
b

CD4 count
Viral Load

VO2max
HRmax

Upper and lower
extremity
strength

Weight
Body
Composition

Quality of Life Not
reported
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[32] reported a 95% adherence rate to the intervention,
followed by Yarasheski [34] at 92% Farinatti [27] 87%, and
Perez-Moreno [31] 71%. Dolan [37] reported that partici-
pants allocated to the exercise group finished 96% of the
exercise sessions. Tiozzo [33] reported that participants al-
located to the exercise group attended on average 81% of
the supervised exercise sessions. Lindegaard [29] reported
that adherence to exercise was 96% and 99% in the PRE
and aerobic exercise groups, respectively. The six studies
that reported on adherence also included exercise interven-
tions that were supervised [27, 29, 31, 33, 34, 39].

Selective reporting (Reporting Bias)
Overall a low risk of reporting bias exists as most (85%)
included studies (17/20) were free of selective outcome
reporting because authors provided data on all pre-
specified outcomes. Three studies (15%) had incomplete
or inconsistent data [25, 26, 30]. Agostini [25] reported
outcomes in the form of % increase or decrease in body
weight, fat mass, muscle mass and waist circumference.
Authors were not able to provide the raw data. Balasu-
bramanyam [26] did not include a complete description
of body composition and cardiorespiratory outcomes. In
Ogalha [30], data appeared inconsistent across the study
tables and authors did not completely report on all out-
comes such as viral load (Fig. 2).

Other potential sources of bias
Overall a low risk for other potential sources of bias ex-
ists as most studies (90%) did not appear to have

additional issues that could place a study at further risk
of bias. Two studies appeared to have unclear risk for
additional bias [26, 27]. Balasubramanyam [26] reported
receiving funding from the pharmaceutical industry. In
Farinatti [27] more participants were allocated to exer-
cise to ensure adequate sample size at study completion
in the event that adherence to exercise was low; but it is
not clear if this may have skewed findings.

Meta-analyses - effects of interventions
We conducted 44 meta-analyses across eight sub-group
comparisons (10 of which included similar studies) that
resulted in 34 unique meta-analyses to this systematic
review. We performed meta-analyses for immunological
and virological outcomes (CD4 count, viral load), cardio-
respiratory outcomes (VO2max, HRmax, exercise time),
strength outcomes (chest press, leg press, knee exten-
sion, knee flexion), and weight and body composition
outcomes (body weight, body mass index, lean body
mass, fat mass, leg muscle area, mean arm and thigh
girth, waist circumference).
Of the 34 unique meta-analyses, 17 were new to this

systematic review update, 10 were updated with add-
itional studies, and seven remained the same as in the
former review. Subgroup comparisons of the meta-
analyses included 1) PRE or combined PRE and aerobic
exercise versus no exercise; 2) PRE versus no exercise; 3)
combined PRE and aerobic exercise versus no exercise;
4) PRE (or combined PRE and aerobic exercise) and diet
and/or nutrition versus diet and/or nutrition alone; and

Table 2 Outcomes assessed in individual studies included in the Progressive Resistive Exercise (PRE) and HIV systematic review (for
details of outcomes and authors’ conclusions, see Additional file 3) (Continued)

Yarasheski (2011)
[34]a, b

CD4 count
Viral Load

Not assessed Not assessed Weight
Body
Composition

Not assessed Assessed

aStudy included in this update of the systematic review
bStudy included in systematic review examining effect of aerobic exercise with adults living with HIV
[12] https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-016-1478-2
HRQL health-related quality of life, MOS-HIV Medical Outcomes Study HIV Scale, VO2max maximum oxygen consumption, VCO2 rate of elimination of carbon diox-
ide, HRmax heart rate maximum, 6MWT 6 min walk test

Fig. 2 Cochrane Risk of Bias Assessment of Included Studies in Progressive Resistive Exercise (PRE) and HIV Systematic Review Update
(n = 20 studies)
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5) combined PRE plus testosterone or combined PRE
and aerobic exercise plus testosterone versus testoster-
one alone.
Ten out of the 20 included studies compared PRE or

combined PRE and aerobic exercise with a non-
exercising control group [27, 28, 31, 33, 36, 37, 39, 41,
44, 49]. Three studies compared PRE with no exercise
[36, 44, 49]. Seven studies compared combined PRE and
aerobic exercise with no exercise [27, 28, 31, 33, 37, 39,
41]. Two studies compared aerobic with PRE [29, 40]
(Table 1; Additional file 2). Driscoll [38] and Fitch [28]
included PRE and aerobic exercise combined with met-
formin compared with metformin alone but we were un-
able to combine outcomes in meta-analysis. Ogalha [30],
Balasubramanyam [26], Shevitz [43], and Agostini [25]
included PRE or combined PRE and aerobic exercise
combined with a lipid diet and/or nutrition counselling
versus diet and/or nutritional counselling alone. Sattler
[42], Bhasin [36] and Grinspoon [39] included PRE (or
combined PRE and aerobic exercise) combined with tes-
tosterone versus testosterone alone. Yarasheski [34] in-
cluded PRE and aerobic exercise combined with
pioglitazone versus pioglitazone alone, Agin [35] in-
cluded PRE combined with whey protein versus whey
protein alone, and Sakkas [32] included PRE combined
with creatine versus creatine alone (Table 1; Additional
file 2).
Meta-analyses were limited due to the diversity in

types of exercise interventions (PRE versus combined
PRE and aerobic exercise), level of exercise supervision,
outcomes reported, and methodological quality. PRE in-
terventions in the trials varied according to intensity and
type of resistive exercise, and combined PRE and aerobic
exercise compared to PRE alone. See Table 1 for selected
characteristics of included studies and Additional file 2
for a detailed overview of the characteristics of included
studies.

Heterogeneity
Heterogeneity (p < 0.1) was present in 16 of the 34
unique meta-analyses (47%). “Reasons for heterogeneity
may include differences in the types of participants in
relation to antiretroviral use, body composition, comor-
bidity, gender, type and location of intervention, as well
as methods of outcome measurement” [12]. We con-
ducted sensitivity analyses on 11 of the 16 meta-analyses
with heterogeneity (see below for specific sensitivity re-
sults and reasons for heterogeneity).

GRADE Ratings and summary of findings table
In the results below, we report on the GRADE rating for
seven key outcomes we prioritized as clinically relevant
and important to adults living with HIV: viral load;

VO2max; upper and lower body strength, body weight;
body mass index and fat mass.

Immunological and virological outcomes
Sixteen of the 20 included studies (80%) assessed im-
munological or virological outcomes, or both, in the
form of CD4 count or viral load. Nine of the studies in-
cluded a non-exercising control group, seven of which
included interventions with combined PRE and aerobic
exercise [27, 28, 31, 33, 37, 39, 41]. Seven studies mea-
sured immunological and virological outcomes without a
non-exercising control group [26, 28, 30, 34, 38, 42, 43].

CD4 count (cells/mm3) Four meta-analyses were per-
formed for CD4 count. Two demonstrated no statisti-
cally significant changes in CD4 count between
comparison groups, one demonstrated a significant in-
crease in CD4 count favouring exercise and another
demonstrated a significant decrease in CD4 count
favouring testosterone alone (Table 3). Point estimates
were >50 cells/mm3 for two meta-analyses comparing
exercise to control, which suggested a positive trend to-
wards a potential clinically important improvement in
CD4 count with exercise compared with no exercise.
Heterogeneity: Three of the four meta-analyses were

statistically significant for heterogeneity (p < 0.1). Sensi-
tivity analyses were conducted for the three meta-
analyses. While removing Farinatti [27] and Shevitz [43]
reduced heterogeneity; sensitivity analyses did not
change the overall effect of exercise on CD4 count be-
yond clinical importance.

3.8.1.2.Viral load (log10copies) Three meta-analyses
were performed for viral load, one of which included the
same studies. Meta-analyses demonstrated no difference
in change in viral load for participants in the combined
PRE and aerobic exercise intervention group compared
with the non-exercising control group as well as the
combined PRE and aerobic exercise group with diet
and/or nutrition compared with the non-exercising diet
and/or nutrition only group (Table 3). None of the
meta-analyses were significant for heterogeneity.
GRADE rating: We are moderately confident in the

non-significant effect estimate of 0.12 log10copies dem-
onstrating no difference in change in viral load compar-
ing PRE exercise (or combined PRE and aerobic
exercise). “The true effect is likely to be close to the esti-
mate of the effect, but there is a possibility that it may
be substantially different. This outcome was downgraded
from high to moderate GRADE quality of evidence due
to incomplete outcome data (withdrawals of included
studies were >15%)” [12] (see Additional file 4 – GRADE
Summary of Findings Table).
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Cardiorespiratory outcomes
Thirteen of the 20 included studies (65%) assessed car-
diorespiratory outcomes, seven of which compared PRE
or combined PRE and aerobic exercise to no exercise
[27, 28, 31, 33, 37, 41, 49] and two of which compared
PRE to aerobic exercise [29, 49]. Driscoll [38], Fitch [28],
and Sakkas (2009) measured cardiorespiratory outcomes
but compared exercise to metformin, or creatine [32].
Shevitz [43], Ogalha [30], and Balasubramanyam [26]
measured cardiorespiratory outcomes but compared

exercise combined with diet and/or nutritional counsel-
ling (Table 1; Additional file 2).

VO2max Two meta-analyses were performed for
VO2max, one of which included the same studies. Re-
sults showed a significant and potential clinically import-
ant improvement in change of VO2max of 3.71 mL/kg/
min for participants in the aerobic exercise intervention
group compared with the non-exercising control group
(Table 4).

Table 3 Results of meta-analyses in Progressive Resistive (PRE) exercise and HIV systematic review: immunological and virological
outcomes

Outcomes Sub-Group
Comparison of Meta-
Analysis

# of Individual Studies
Included in Meta-
Analysis

Number of
Participants
Included in
Meta-
Analysis

Weighted
Mean
Difference
(WMD)

95%
Confidence
Interval

P value
of
overall
effect

I2 statistic (p
value for
heterogeneity)

Interpretation

CD4
count
(cells/
mm3)

PRE or combined PRE
and aerobic exercise
compared with no
exercise

8 studies
(Dolan 2006 [37];
Farinatti 2010 [27];
Fitch 2012 [28];
Grinspoon 2000 [39];
Lox 1995 [40]; Perez-
Moreno 2007 [31];
Rigsby 1992 [41];
Tiozzo 2011 [33])

195 63.95
cells/
mm3,b

12.42,
115.48

0.01a 70%
(p = 0.001)

Significant increase in
CD4 count among
exercisers compared
with non-exercisers.
“Confidence interval
indicates a positive
trend towards an im-
provement in CD4
count among exer-
cisers.” [12].

Combined PRE and
aerobic exercise
compared with no
exercise

7 studies
(Dolan 2006 [37];
Farinatti 2010 [27];
Fitch 2012 [28];
Grinspoon 2000 [39];
Perez-Moreno 2007
[31]; Rigsby 1992 [41];
Tiozzo 2011 [33])

173 57.82
cells/mm3

−1.27,
116.91

0.06 74%
(p < 0.0001)

“No difference in
change in CD4 count
among exercisers
compared with non-
exercisers. Confidence
interval indicates a
positive trend towards
an improvement in
CD4 count among ex-
ercisers.” [12].

PRE (or combined
PRE and aerobic
exercise) and diet
and/or nutrition
counselling group
compared with diet
and/or nutrition
counselling alone.

3 studies
(Balasubramanyam
2011 [26]; Ogalha
2011 [30]; Shevitz
2005 [43])

162 20.18
cells/mm3

−21.49,
61.85

0.34 78%
(p = 0.01)

No difference in
change in CD4 count
among exercisers
compared with non-
exercisers.

PRE (or combined
PRE and aerobic
exercise) and
testosterone
compared with
testosterone alone

2 studies
(Grinspoon 2000 [39];
Sattler 1999 [42])

51 −32.13
cells/mm3

−56.96,
−7.30

0.01a 0%
(p = 0.96)

Significant decrease in
CD4 count among
exercisers taking
testosterone
compared with those
taking testosterone
only.

Viral Load
(log10
copies)

Combined PRE and
aerobic exercise
group compared with
compared with no
exercise

4 studies
(Dolan 2006 [37];
Fitch 2012 [28];
Grinspoon 2000 [39];
Tiozzo 2011 [33])

99 0.12 log10
copies

−0.23, 0.46 0.51 0%
(p = 0.46)

“No difference in
change in viral load
among exercisers
compared with non-
exercisers.” [12].

PRE (or combined
PRE and aerobic
exercise) plus diet
and/or nutrition
compared with diet
and/or nutrition only

2 studies
(Balasubramanyam
2011 [26]; Shevitz
2005 [43])

99 0.37 log10
copies

−1.43, 2.17 0.40 31%
(p = 0.23)

No difference in
change in viral load
among exercisers
compared with non-
exercisers.

aIndicates statistical significance; bindicates potential clinically important improvement
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Heterogeneity: There was no statistical significance for
heterogeneity.
GRADE rating: We are moderately confident in the ef-

fect estimate demonstrating a significant increase of
3.71 ml/kg/min for VO2max comparing PRE exercise
(or combined PRE and aerobic exercise). The true effect
is likely to be close to the estimate of the effect but there
is a possibility that it may be substantially different. This
outcome was downgraded from high to moderate
GRADE quality of evidence because the lower level of
the confidence interval did not cross the estimated clin-
ically important change in VO2max (despite the esti-
mate surpassing our hypothesized clinically important
change in VO2max of 2 ml/kg/min) (see Additional file
4 – GRADE Summary of Findings Table).

3.8.2.2.Maximum heart rate (HRmax) Two meta-
analyses were performed and showed no significant dif-
ference in change in HRmax for participants in the PRE
or combined PRE and aerobic exercise group compared
with the non-exercising control; and combined PRE and
aerobic exercise group compared with non-exercising
control (Table 4).
Heterogeneity: Heterogeneity was present in both

meta-analyses (p < 0.1). Sensitivity analyses were con-
ducted for the meta-analysis that had greater than two
studies. Removing any of the three included studies did
not reduce heterogeneity. “Reasons for heterogeneity
may be due to differences in characteristics of

participants in the included studies; participants in
Perez-Moreno [31] were all in prison and co-infected
with Hepatitis C.” [12].

3.8.2.3.Exercise time Two meta-analyses were per-
formed, one of which included the same studies. Similar
to our aerobic review, “meta-analysis demonstrated a
significant increase in exercise time of 3.29 min for par-
ticipants in the combined PRE and aerobic exercise
group compared with the non-exercising control group
(Table 4); the point estimate did not reach the 5 min
threshold for clinical importance” [12].
Heterogeneity: Meta-analyses were statistically signifi-

cant for heterogeneity (p < 0.1). Removing Rigsby [41]
removed heterogeneity and the overall effect remained
significant, but was reduced to 1.72 min [95% CI: 1.03,
2.42] among exercisers compared with control (not
shown). Reasons for heterogeneity may be due to differ-
ences in characteristics of participants in the included
studies.
See Table 2 for outcomes assessed and Additional file

3 for results for outcomes assessed in individual studies
unable to be combined in meta-analyses.

Strength outcomes
Sixteen of the 20 included studies (80%) assessed
strength outcomes [27–29, 31–33, 35–39, 41–44, 49].
We performed 10 meta-analyses, four of which included
duplicate studies. Results demonstrated significant

Table 4 Results of meta-analyses in Progressive Resistive Exercise (PRE) and HIV systematic review: cardiorespiratory outcomes

Outcomes Sub-Group
Comparison of
Meta-Analysis

# of Individual
Studies
Included in
Meta-Analysis

Number of
Participants
Included in
Meta-
Analysis

Weighted
Mean
Difference
(WMD)

95%
Confidence
Interval

P value
of
overall
effect

I2 statistic (p
value for
heterogeneity)

Interpretation

VO2max
(ml/kg/
min)

PRE or combined
PRE and aerobic
exercise
compared with
no exercise

3 studies
(Dolan 2006
[37]; Fitch
2012 [28];
Tiozzo 2011
[33])

82 3.71 ml/
kg/minb

1.73, 5.70 0.0002a 0%
(p = 0.84)

“Significant (and potential
clinically important) improvement
in change in VO2max among
exercisers compared with non-
exercisers.” [12].

Maximum
Heart Rate
(bpm)

PRE or combined
PRE and aerobic
exercise
compared with
no exercise

3 studies
(Lox 1995
[40]; Perez-
Moreno 2007
[31]; Rigsby
1992 [41])

65 −5.23
beats per
minute

−23.84,
13.37

0.58 97%
(p < 0.00001)

“No significant difference in
change in heart rate maximum
among exercisers compared with
non-exercisers.” [12].

Combined PRE
and aerobic
exercise group
compared with
no exercise

2 studies
(Perez-
Moreno 2007
[31]; Rigsby
1992 [41])

43 −4.91
beats per
minute

−34.13,
24.30

0.74 99%
(p < 0.00001)

“No significant difference in
change in heart rate maximum
among exercisers compared with
non-exercisers.” [12].

Exercise
Time
(min)

Combined
aerobic and PRE
group compared
with no exercise

3 studies
(Dolan 2006
[37]; Fitch 2012
[28]; Rigbsy
1992 [41])

83 3.29 min 0.10, 6.49 0.04a 97%
(p < 0.00001)

“Significant increase in exercise
time among exercisers compared
with non-exercisers.” [12].

aIndicates statistical significance; bindicates potential clinically important improvement; bpm = beats per minute
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improvements in upper and lower body strength as deter-
mined by increases in 1-repetition maximum for chest
press, and knee flexion; and a non-significant trend to-
wards improvement (increases) in 1-RM for leg press and
knee extension for participants in the combined PRE and
aerobic group versus non-exercising control group (Table
5). We conducted two meta-analyses comparing com-
bined exercise and testosterone compared with testoster-
one alone. Results indicated a non-significant trend
towards greater increases in strength among participants
in the combined exercise and testosterone group com-
pared with participants in the testosterone alone group for
knee flexion and extension (Table 5).
Five of the six point estimates for upper and lower ex-

tremity strength were greater than 2 kg and 5 kg re-
spectively indicating a clinically important greater
increase with exercise compared with non-exercise.

Heterogeneity: Heterogeneity was present in five meta-
analyses. “Removing Grinspoon [39] from the combined
PRE and aerobic exercise versus control comparison re-
duced heterogeneity (p = 0.95) for knee extension and
the overall effect became significant for exercise com-
pared with no exercise (not shown). Reasons for hetero-
geneity may be attributed to differences in study
participants. Participants in Grinspoon [39] had signs of
AIDS-related wasting” [12].
GRADE ratings: Similar to our aerobic exercise review,

“our confidence is limited in the effect estimate of a sig-
nificant increase of 11.86 kg for 1-repetition maximum
for chest press comparing PRE exercise (or combined
PRE and aerobic exercise) with non-exercising control.
The true effect may be substantially different from the
estimate of effect. This outcome was downgraded from
high to low on the GRADE quality of evidence due to

Table 5 Results of meta-analyses in Progressive Resistive Exercise (PRE) and HIV systematic review: strength outcomes

Outcomes Sub-Group
Comparison of Meta-
Analysis

# of
Individual
Studies
Included in
Meta-
Analysis

Number of
Participants
Included in
Meta-
Analysis

Weighted
Mean
Difference
(WMD)

95%
Confidence
Interval

P value
of
overall
effect

I2 statistic (p
value for
heterogeneity)

Interpretation

Chest
Press (1-
RM)

Combined PRE and
aerobic exercise
group compared with
no exercise

2 studies
(Fitch 2012
[28]; Tiozzo
2011 [33])

44 11.86 kg
1-RMb

2.37, 21.36 0.01a 46%
(p = 0.18)

“Significant and potential
clinically important
improvement in change in chest
press 1-repetition maximum
among exercisers compared
with non-exercisers.” [12].

Knee
Flexion
(1-RM)

Combined PRE and
aerobic exercise
group compared with
no exercise

3 studies
(Dolan 2006
[37], Fitch
2012 [28];
Grinspoon
2000) [39]

81 10.46 kg
1-RMb

1.64, 19.29 0.02a 91%
(p < 0.00001)

“Significant and potential clinical
important improvement in
change in knee flexion 1-
repetition maximum among ex-
ercisers compared with non-
exercisers” [12].

PRE (or combined PRE
and aerobic exercise)
and testosterone
compared with
testosterone alone

2 studies
(Grinspoon
2000 [39];
Sattler 1999
[42])

51 4.67 kg 1-
RM

−1.98, 11.31 0.17 89%
(p = 0.002)

Non-significant trend towards a
greater increase in knee
extension 1-RM among exer-
cisers taking testosterone com-
pared with non-exercisers taking
testosterone only.

Leg Press
(1-RM)

Combined PRE and
aerobic exercise
group compared with
no exercise

2 studies
(Fitch 2012
[28]; Tiozzo
2011 [33])

44 50.96 kg
1-RMb

−13.01,
114.92

0.12 88%
(p = 0.004)

“Non-significant trend towards
an increase in leg press 1-RM
among exercisers compared
with non-exercisers.” [12].

Knee
Extension
(1-RM)

Combined PRE and
aerobic exercise
group compared with
no exercise

3 studies
(Dolan 2006
[37]; Fitch
2012 [28];
Grinspoon
2000 [39])

81 20.58 kg
1-RMb

−4.69, 45.86 0.11 95%
(p < 0.00001)

“Non-significant trend towards
an increase in knee extension 1-
RM among exercisers compared
with non-exercisers.” [12].

PRE (or combined PRE
and aerobic exercise)
and testosterone
compared with
testosterone alone

2 studies
(Grinspoon
2000 [39];
Sattler 1999
[42])

51 13.09 kg
1-RMb

−9.94, 36.11 0.27 97%
(p < 0.00001)

Non-significant trend towards a
greater increase in knee
extension 1-RM among exer-
cisers taking testosterone com-
pared with non-exercisers taking
testosterone alone.

1-RM 1 repetition maximum, PRE progressive resistive exercise
aIndicates statistical significance; bindicates potential clinically important change in outcome
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incomplete outcome data (withdrawals of included stud-
ies were >15%), publication bias suspected, and moder-
ate heterogeneity (I2=46%). However, the estimate
demonstrated a significant effect for improvement in
chest press and the lower limit of the confidence interval
surpassed our hypothesized clinically important change
in upper body strength” [12] (see Additional file 4 –
GRADE Summary of Findings Table).
“We have very little confidence in the effect estimate

of a non-significant increase of 50.96 kg for 1-repetition
maximum for leg press comparing PRE exercise (or
combined PRE and aerobic exercise) with non-exercising
control. The true effect is likely to be substantially differ-
ent from the estimate of effect. This outcome was down-
graded from high to very low on the GRADE quality of
evidence due to incomplete outcome data (withdrawals
of included studies were >15%), publication bias was
suspected, and there was substantial heterogeneity
(I2=88%). Furthermore, the confidence intervals cross
the clinically important improvement and deterioration
for change in lower body strength” [12] (see Additional
file 4 – GRADE Summary of Findings Table).

Weight and body composition outcomes
Nineteen out of the 20 included studies (95%) assessed
weight and body composition outcomes [25–39, 42–44, 49].

3.8.4.1.Weight Fifteen studies assessed body weight [26,
29, 30, 32–39, 42–44, 49]. Five meta-analyses were per-
formed. Meta-analyses demonstrated a significant in-
crease in body weight of 2.50 kg for participants in the
PRE or combined PRE and aerobic exercise group and a
significant and potentially clinically important increase
in body weight of 4.24 kg among participants in the PRE
group compared with aerobic exercise group. No differ-
ences were found for change in mean body weight for
participants in the combined aerobic and PRE group
compared with the non-exercising control group; the
combined PRE (or combined PRE and aerobic exercise)
and diet/nutrition counselling group compared with
diet/nutritional counselling only group; and the com-
bined PRE and testosterone group compared with the
testosterone only group (Table 6).
Heterogeneity: Heterogeneity was present in two of the

five meta-analyses (p < 0.1). Removing Dolan [37] from
the PRE or combined PRE and aerobic exercise group
reduced heterogeneity (p = 0.02) and increased the over-
all estimate of increase in body weight from 2.50 kg to
3.46 kg (not shown). Removing Balasubramanyam [26]
from the combined PRE and diet/nutritional counselling
versus non-exercise control comparison reduced hetero-
geneity (p = 0.12) but the overall effect remained non-
significant (not shown). Reasons for heterogeneity may
be due to differences in the comorbidity of participants

in the included studies. In Balasubramanyam [26], par-
ticipants had dyslipidemia, in Ogalha [30], 54% of partic-
ipants had lipodystrophy and in Dolan [37] participants
had self-reported changes in fat distribution.
GRADE rating: We have very little confidence in the

effect estimate of a significant increase of 2.5 kg for
body weight comparing PRE exercise (or combined
PRE and aerobic exercise) with no exercise. “The true
effect is likely to be substantially different from the
estimate of effect. This outcome was downgraded
from high to very low on the GRADE quality of evi-
dence due to incomplete outcome data (withdrawals
of included studies were >15%)” [12], and there was
substantial heterogeneity (I2 = 76%). The estimate
surpassed our hypothesized clinically important
change in body weight, but the lower level of the
confidence interval does not surpass the threshold for
clinically important change in weight (see Additional
file 4 – GRADE Summary of Findings Table).

3.8.4.2.Body composition Nineteen out of the 20 in-
cluded studies (95%) assessed body composition [25–39,
42–44, 49]. Sixteen meta-analyses were performed, each
for body mass index, lean body mass, fat mass, arm and
thigh girth, leg muscle area, and waist circumference.
Three of the 16 meta-analyses were duplicate and in-
cluded the same studies.

3.8.4.3.Body mass index Results demonstrated no dif-
ference in change in body mass index for three compari-
sons of participants in the PRE or combined PRE and
aerobic exercise group compared with non-exercising
control; combined PRE and aerobic exercise group com-
pared with non-exercising control and combined PRE
(or combined PRE and aerobic exercise) and diet/nutri-
tion counselling group compared with diet/nutritional
counselling group only (Table 6).
GRADE rating: We are moderately confident in the ef-

fect estimate of a non-significant increase of 0.40 kg/m2

for body mass index comparing PRE (or combined PRE
and aerobic exercise) with no exercise. “The true effect
is likely to be close to the estimate of effect, but there is
a possibility that it is substantially different” [12]. This
outcome was downgraded on the GRADE quality of evi-
dence because publication bias was suspected. However,
withdrawal rates among the majority of included studies
were <15% (see Additional file 4 – GRADE Summary of
Findings Table).

3.8.4.4.Lean body mass Meta-analyses demonstrated
no difference in change in lean body mass for three
comparisons of participants in the PRE or combined
PRE and aerobic exercise group compared with non-
exercising control; combined PRE and aerobic exercise
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Table 6 Results of meta-analyses in Progressive Resistive Exercise (PRE) and HIV systematic review: weight and body composition
outcomes
Outcomes Sub-Group Comparison of

Meta-Analysis
# of Individual
Studies Included in
Meta-Analysis

Number of
Participants
Included in
Meta-
Analysis

Weighted
Mean
Difference
(WMD)

95%
Confidence
Interval

P value
of
overall
effect

I2 statistic (p
value for
heterogeneity)

Interpretation

Mean Body
Weight (kg)

PRE or combined PRE and
aerobic exercise compared
with no exercise

5 studies
(Dolan 2006 [37];
Grinspoon 2000 [39];
Lox 1995 [40];
Spence 1990 [44];
Tiozzo 2011 [33])

129 2.50 kg 0.32, 4.67 0.02a 76%
(p = 0.002)

Significant increase in body
weight among exercisers
compared with non-exercisers.

PRE compared with no
exercise

2 studies
(Lox 1995 [40];
Spence 1990 [44])

46 4.24 kgb 1.82, 6.66 0.0006a 39%
(p = 0.20)

Significant and potential
clinically important increase in
body weight among exercisers
compared with non-exercisers.

Combined PRE and aerobic
exercise compared with no
exercise

3 studies
(Dolan 2006 [37];
Grinspoon 2000 [39];
Tiozzo 2011 [33])

83 0.81 kg −0.94, 2.56 0.37 19%
(p = 0.29)

“No difference in change in
body weight among exercisers
compared with non-exercisers.”
[12].

PRE (or combined PRE and
aerobic exercise) and diet
and/or nutrition
counselling group
compared with diet and/or
nutrition counselling alone.

3 studies
(Balasumbramanyam
2011 [26]; Ogalha
2011 [30]; Shevitz
2005 [43])

162 −0.67 kg −4.25, 2.92 0.72 93%
(p < 0.00001)

“No difference in change in
body weight for participants in
the combined exercise and diet
or nutrition counselling group
compared with the diet or
nutrition counselling alone
group.” [12].

PRE (or combined PRE and
aerobic exercise) and
testosterone compared
with testosterone alone

2 studies
(Grinspoon 2000 [39];
Sattler 1999 [42])

51 0.42 kg −0.92, 1.77 0.54 0%
(p = 0.48)

No difference in change in body
weight for exercisers taking
testosterone compared with
those taking testosterone only.

Body Mass
Index (kg/m2)

PRE or combined PRE and
aerobic exercise compared
with no exercise

5 studies
(Dolan 2006 [37];
Farinatti 2010 [27];
Fitch 2012 [28]; Lox
1995 [40]; Tiozzo
2011 [33])

131 0.40 kg/
m2

−0.22, 1.03 0.21 34%
(p = 0.19)

“No difference in change in
body mass index among
exercisers compared with non-
exercisers.” [12].

Combined PRE and aerobic
exercise compared with no
exercise

4 studies
(Dolan 2006 [37];
Farinatti 2010 [27];
Fitch 2012 [28];
Tiozzo 2011 [33])

109 0.21 kg/
m2

−0.27, 0.68 0.40 0%
(p = 0.40)

“No difference in change in
body mass index among
exercisers compared with non-
exercisers.” [12].

PRE (or combined PRE and
aerobic exercise) and diet
and/or nutrition
counselling group
compared with diet and/or
nutrition counselling alone

3 studies
(Balasubramanyam
2011 [26]; Ogalha
2011 [30]; Shevitz
2005 [43])

162 −0.55 kg/
m2

−1.22, 0.12 0.11 83%
(p = 0.002)

No difference in change in body
mass index for participants in
the combined PRE and diet or
nutrition counselling group
compared with the diet or
nutrition counselling only
group.

Lean Body
Mass (kg)

PRE or combined PRE and
aerobic exercise compared
with no exercise

4 studies
(Farinatti 2010 [27];
Grinspoon 2000 [39];
Lox 1995 [40]; Perez-
Moreno 2007 [31])

90 2.14 kg −0.11, 4.39 0.06 59%
(p = 0.06)

“No difference in change in lean
body mass among exercisers
compared with non-exercisers.”
[12].

Combined PRE and aerobic
exercise compared with no
exercise

3 studies
(Farinatti 2010 [27],
Grinspoon 2000 [39];
Perez-Moreno 2007
[31])

68 1.23 kg −0.62, 3.08 0.19 17%
(p = 0.30)

“No difference in change in lean
body mass among exercisers
compared with non-exercisers.”
[12].

PRE (or combined PRE and
aerobic exercise) and
testosterone compared
with testosterone alone

2 studies
(Grinspoon 2000 [39];
Sattler 1999 [42])

51 0.64 kg −0.97, 2.26 0.44 0%
(p = 0.63)

No difference in change in lean
body mass for exercisers taking
testosterone compared with
those taking testosterone alone.

Leg Muscle
Area (cm2 or
mm2)

Combined PRE and aerobic
exercise compared with no
exercise

2 studies
(Dolan 2006 [37];
Grinspoon 2000 [39])

60 4.79 cm2 2.04, 7.54 0.0007a 11%
(p = 0.29)

Significant increase in leg
muscle area among exercisers
compared with non-exercisers.

PRE (or combined PRE and
aerobic exercise) and
testosterone compared
with testosterone alone

2 studies
(Grinspoon 2000 [39];
Sattler 1999 [42])

51 56.09 mm2 −359.53,
471.72

0.79 0%
(p = 0.67)

No difference in change in leg
muscle area for exercisers taking
testosterone compared with
those taking testosterone only.
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group compared with non-exercising control and com-
bined PRE (or combined PRE and aerobic exercise) and
testosterone group compared with the testosterone only
group (Table 6).

3.8.4.5.Leg muscle area Similar to our aerobic system-
atic review, “results demonstrated a significant increase
in change in leg muscle area of 4.79 cm2 among partici-
pants in the combined PRE and aerobic exercise group
compared with the non-exercising control group” [12].
No difference was found in leg muscle area for partici-
pants in the PRE (or combined PRE and aerobic exer-
cise) and testosterone group compared with the
testosterone only group (Table 6).

3.8.4.6.Fat mass Results demonstrated no difference in
change in fat mass for three comparisons of participants
in the PRE or combined PRE and aerobic exercise group
compared with non-exercising control; combined PRE
and aerobic exercise group compared with non-
exercising control, and combined PRE (or combined
PRE and aerobic exercise) and testosterone group com-
pared with the testosterone alone group (Table 6).
GRADE rating: We are moderately confident with the

effect estimate of a non-significant increase of 0.36 kg in
fat mass comparing PRE (or combined PRE and aerobic
exercise) with non-exercising control. “The true effect is
likely to be close to the estimate of effect, but there is a
possibility that it is substantially different. This outcome
was downgraded on the GRADE quality of evidence due
to incomplete outcome data (withdrawals of included
studies were >15%)” [12] (see Additional file 4 – GRADE
Summary of Findings Table).

3.8.4.7.Waist circumference No significant differences
were found in change in waist circumference for partici-
pants in the combined PRE and aerobic exercise group
compared with no exercise (Table 6).

3.8.4.8.Arm and thigh girth Results demonstrated a
significant increase in change in arm and thigh girth of
7.91 cm among participants in the PRE group compared
with the aerobic exercise group. The point estimate is
greater than 5 cm indicating a potential clinically im-
portant greater increase in girth among PRE versus aer-
obic exercisers (Table 6).
Heterogeneity: Heterogeneity was present in three meta-

analyses for body mass index; lean body mass; and arm
and thigh girth (p < 0.1). We conducted sensitivity ana-
lyses for two meta-analyses that included more than two
studies (body mass index and lean body mass). Removing
Farinatti [27] or Lox [40] from the PRE or combined PRE
and aerobic exercise intervention versus non-exercising
control comparison reduced heterogeneity for body mass
index (p = 0.24 or p = 0.32 respectively). Removing Fari-
natti [27] resulted in a significant increase in lean body
mass of 3.10 kg (95% CI: 1.20, 5.00) among exercisers
compared with non-exercisers (not shown). Removing
Balasubramanyam [26] from the combined PRE (or com-
bined PRE and aerobic exercise) and diet/nutritional
counselling versus non-exercise control comparison re-
duced heterogeneity for body mass index (p = 0.43) but
the overall effect remained non-significant (not shown).
“Reasons for heterogeneity may be due to differences in
participants in the included studies” [12]. For example, in
Balasubramanyam [26], participants had dyslipidemia.

Table 6 Results of meta-analyses in Progressive Resistive Exercise (PRE) and HIV systematic review: weight and body composition
outcomes (Continued)

Fat Mass (kg) PRE or combined PRE and
aerobic exercise compared
with no exercise

4 studies
(Dolan 2006 [37];
Fitch 2012 [28];
Grinspoon 2000 [39];
Lox 1995 [40])

103 0.36 kg −0.50, 1.23 0.41 0%
(p = 0.53)

“No difference in change in fat
mass among exercisers
compared with non-exercisers.”
[12].

Combined PRE and aerobic
exercise compared with no
exercise

3 studies
(Dolan 2006 [37];
Fitch 2012 [28];
Grinspoon 2000 [39])

81 0.18 kg −0.74, 1.10 0.70 0%
(p = 0.63)

“No difference in change in fat
mass among exercisers
compared with non-exercisers.”
[12].

PRE (or combined PRE and
aerobic exercise) and
testosterone compared
with testosterone alone

2 studies
(Grinspoon 2000 [39];
Sattler 1999 [42])

51 −0.73 kg −1.50, 0.04 0.06 0%
(p = 0.86)

No difference in change in fat
mass for exercisers taking
testosterone compared with
those taking testosterone only.

Waist
Circumference
(cm)

Combined PRE and aerobic
exercise compared with no
exercise

3 studies
(Dolan 2006 [37];
Fitch 2012 [28];
Tiozzo 2011 [33])

82 −1.33 cm −4.21, 1.54 0.36 37%
(p = 0.21)

“No difference in change in
waist circumference among
exercisers compared with non-
exercisers.” [12].

Arm and Thigh
Girth (cm)

PRE compared with no
exercise

2 studies
(Lox 1995 [40];
Spence 1990 [44])

46 7.91 cmb 2.18, 13.65 0.007a 67%
(p = 0.08)

Significant and potential
clinically important increase in
arm and thigh girth among
exercisers compared with non-
exercisers.

aIndicates statistical significance; bindicates potential clinically important change in outcome
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Psychological outcomes
Seven of the 20 included studies (35%) assessed psycho-
logical outcomes in the form of mood and life satisfac-
tion, and health-related quality of life [30, 31, 33, 35, 36,
40, 43]. Due to the diversity of outcomes measured we
were unable to perform a meta-analysis. Results from five
individual studies demonstrated improvements in quality
of life, and mood and life satisfaction scores among the ex-
ercise groups [30, 31, 33, 35, 40]. Lox [40] reported higher
life satisfaction with aerobic versus PRE. Bhasin [36] re-
ported no change in HRQL scores in either the testoster-
one or combined testosterone and exercise groups.
Shevitz [43] reported no significant change in Quality of
Life Adjusted Years within groups but reported the in-
crease was greatest with combined PRE and nutrition
compared with nutrition alone.

Adverse events (Safety)
Authors in 13 of the 20 studies (65%) reported safety in
the form of monitoring adverse events [26–28, 31, 34–39,
41–43] (Table 2; Additional file 3). We could not perform
a meta-analysis due to the dearth and inconsistency of
reporting adverse events. Adverse events were reported in
seven of the 20 studies, none of which were attributed to
exercise or considered serious [26, 28, 35–37, 41, 42] Six
studies reported no serious adverse events, health prob-
lems, or complications [27, 31, 34, 38, 39, 43]. Authors
from other studies did not report on outcomes of adverse
events (Table 2; Additional file 3).

Discussion
Meta-analyses suggest that performing PRE, or a com-
bination of PRE and aerobic exercise for at least 20 min
three times per week for at least six weeks can improve
cardiorespiratory fitness (maximum oxygen consump-
tion, exercise time), weight, body composition (leg
muscle area, arm and thigh girth), and strength (chest
press, knee flexion). Results suggest that PRE is safe for
medically stable adults living with HIV. This result is
based on few reports of adverse events with exercise
within the included studies as well as the lack of change
in CD4 count and viral load. “Results are based on par-
ticipants who completed the exercise interventions and
for whom there were adequate follow-up data” [12].
Ten studies were incorporated into the update of this sys-

tematic review, seven of which we included in meta-analyses
[26–28, 30, 31, 33, 34]. As a result, we were able to perform
17 new meta-analyses for CD4 count, viral load, VO2max,
maximum heart rate, strength (chest press, leg press, knee
extension and knee flexion), weight, body mass index, lean
body mass, leg muscle area, and waist circumference. Also,
by incorporating these additional studies we were able to
update 10 meta-analyses from our previous review [10].

To our knowledge, this is the first review to conduct
sub-group analyses comparing testosterone as a co-
intervention with exercise. Testosterone did not appear
to significantly enhance outcomes for weight, body com-
position, or strength, although there was a non-
significant trend towards greater improvements in
strength among exercisers taking testosterone compared
with those taking testosterone alone. Similarly, co-
interventions of diet and/or nutrition counseling did not
appear to significantly enhance outcomes for weight or
body composition beyond exercise alone.
Results of the meta-analyses demonstrated statistically

significant improvements in cardiorespiratory fitness
(maximum oxygen consumption (VO2max); exercise
time), strength (chest press, knee flexion), weight, and
body composition (increase in leg muscle area and arm
and thigh girth).
Results for cardiorespiratory outcomes showed poten-

tial clinically important improvements in VO2max
among exercisers versus non-exercisers. While fewer
studies assessed cardiorespiratory outcomes in this PRE-
focused review (65%) compared with our aerobic exer-
cise systematic review (83%), these findings similarly
suggest benefits to cardiorespiratory health. Results for
strength outcomes also demonstrated potential clinically
important improvements in chest press and knee flexion
with combined PRE and aerobic exercise versus no exer-
cise. These findings suggest a combination of PRE and
aerobic exercise is most useful for maximizing benefits
to cardiovascular health and strength for adults living
with HIV [52].
Weight and body composition results reached clinic-

ally important increases in body weight, and arm and
thigh girth for only PRE compared with non-exercise,
suggesting greater increases in weight and girth with re-
sistive exercise. Other statistically significant increases in
weight and leg muscle area also were seen with com-
bined PRE and aerobic exercise compared with non-
exercise. Meta-analyses for arm and thigh girth and leg
muscle area were new to this review. Interpreting
changes in weight and body composition in the context
of HIV have changed since the widespread use of com-
bination antiretroviral therapy. The findings may be con-
sidered as favorable reflecting an increase in strength
and muscle mass for adults with HIV. Future reviews
may consider sub-group analyses comparing outcomes
from studies published prior to versus after the intro-
duction of combination antiretroviral therapy.
We were unable to conduct meta-analyses for psycho-

logical outcomes in this review. A recent systematic re-
view focused on aerobic exercise reported significant
and clinically important improvements in health-related
quality of life and symptoms of depression with exercise
versus no exercise [12]. Similarly, results from individual
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studies in this review demonstrated significant improve-
ments in quality of life and mood and life satisfaction
scores.
Overall, exercise appears to be safe for adults with

HIV. No significant differences were found for the ma-
jority of meta-analyses for CD4 count and viral load out-
comes, suggesting PRE has little impact on immune or
virological status. Similarly there were minimal adverse
effects documented in the included studies and few at-
tributed to PRE. These results are parallel to former ver-
sions of this review and our systematic review focused
on aerobic exercise [10, 12].
Twelve of the included studies in this review involved

combined resistive and aerobic exercise interventions
highlighting an increasing trend of combined exercise
interventions in the literature [25–28, 30, 31, 33, 34, 37–
39, 41]. Results of this PRE systematic review are distinct
from earlier systematic reviews focused on aerobic exer-
cise or combined PRE and aerobic exercise [12, 53]. This
review includes seven randomized controlled trials com-
paring pure PRE to non-exercising control or an alterna-
tive intervention. Furthermore, results provide new
insight into the greater potential clinically important ef-
fect of PRE on weight and body composition, and the
impact of co-interventions such as testosterone with ex-
ercise compared with testosterone alone. In addition,
more studies (80%) in this review assessed strength out-
comes than the aerobic review (46%) providing a better
understanding about improvements in strength with
PRE. Collectively, results of this review are complemen-
tary to a previous systematic review focused on aerobic
exercise using the Cochrane Collaboration protocol,
highlighting the benefits of combined aerobic and PRE
for adults living with HIV [12].
“Meta-analyses were limited due to variation in out-

come measures used, comparison groups and types of
interventions, enabling only two or three studies to be
included in most meta-analyses [54]. Studies included in
this review demonstrated a high risk of performance bias
due to the inability to blind participants to the exercise
intervention. This subsequently resulted in low GRADE
ratings for quality of evidence (Additional file 4). This
may have resulted in a Hawthorne effect, whereby par-
ticipants might perceive greater benefits associated with
exercise based on the expectation that exercise should
be linked to positive outcomes. Furthermore, lack of as-
sessor blinding may have resulted in assessor bias
whereby assessors may have measured outcomes in favor
of the exercise intervention. High risk of attrition bias
was also evidence due to incomplete data as many stud-
ies had withdrawal rates >15%. Individual studies in this
review included small sample sizes and high withdrawal
or non-adherence rates” (0%–38%) [12]. “Participants
who withdrew from the interventions were often

excluded from the results, resulting in a per protocol
analysis. Nevertheless, authors commonly reported simi-
lar withdrawal rates across comparison groups, and
characteristics of participants were similar among those
who withdrew and remained in the study, minimizing
the potential for migration bias” [12].
Similar to our previous review, “the majority of study

participants were men between the ages of 18-65 years
limiting the ability to generalize results to women and
older adults with HIV and multi-morbidity” [12]. Be-
cause the longest PRE intervention was 52 weeks, the
long-term effect of exercise is unclear [12]. Furthermore,
there were no studies in this review that assessed the im-
pact of resistance exercise in low or middle-income
countries. Evidence on the role of exercise and physical
activity is emerging in studies conducted in Africa, spe-
cifically Nigeria, Zimbabwe and South Africa [55–57].
For instance, Ezema [58] reported improvements in car-
diopulmonary fitness and immune status among aerobic
exercisers versus non-exercisers with HIV in Nigeria.
Mkandla [59] reported improvements in quality of life
for people living with HIV and neuropathy engaging in
twice weekly PRE in Zimbabwe. Further evidence from
South Africa included evaluating the impact of home-
based and pedometer walking interventions as a way to
enhance physical activity for adults living with HIV [60,
61], highlighting the role of exercise beyond the context
of high income countries.
Results of this review align with results of systematic

reviews focused on aerobic exercise [12, 62]. Our review
included studies with exercise frequency of three times
per week, however “results are consistent with a system-
atic review that assessed the effect of combined twice
weekly aerobic and resistive exercise on cardiorespira-
tory status, quality of life, physiologic and functional
outcomes concluding that exercise is safe and beneficial
for medically stable adults living with HIV” [63, 64] [12].
Gomes-Neto et al. reported that aerobic exercise is
beneficial for cardiorespiratory health, body composition
and quality of life. In addition, Leach and colleagues
conducted a systematic review assessing the effect of
twice weekly aerobic or resistive exercise on body com-
position. Individual results from the four included stud-
ies reported increases in body mass, sum of skinfolds
and limb girth [65]. In the aforementioned reviews,
meta-analyses were not performed. Gomes-Neto con-
ducted a systematic review and meta-analysis comparing
combined PRE and aerobic exercise conducted at least
twice per week for 4 weeks. They included seven studies
and conducted meta-analyses that demonstrated benefits
to VO2max, muscle strength and quality of life [53]. An-
other systematic review and meta-analysis that investi-
gated the effect of at least twice weekly PRE and aerobic
exercise on body composition and metabolic outcomes

O’Brien et al. BMC Infectious Diseases  (2017) 17:268 Page 18 of 23



found that exercise resulted in reductions in body mass
index, body fat percentage, triceps skinfold thickness,
waist circumference and waist-to-hip ratio [66]. While
our inclusion criteria were more strict than these re-
views (thrice versus twice weekly exercise), our system-
atic review included a greater number of studies, sub-
group and meta-analyses providing further detail on the
pooled effect of exercise and co-interventions with exer-
cise for adults living with HIV. Our results are consist-
ent with four more recently published randomized
controlled trials involving thrice weekly PRE with adults
living with HIV. Authors reported similar improvements
with PRE (or combined PRE and aerobic exercise) for
outcomes of cardiorespiratory health, body composition,
strength, quality of life, and CD4 count consistent with
the results of this review [67–70].
Evidence is emerging documenting the benefits of ex-

ercise and physical activity on neurocognitive function
for adults with HIV showing positive correlations be-
tween physical activity and cognition [71, 72], and car-
diopulmonary fitness and cognition [73]. One study
demonstrated higher levels of executive function among
self-reported physical activity compared with sedentary
adults with HIV, with larger benefits associated with
greater intensity and duration of physical activity, sug-
gesting the more one exercises the greater the benefits
[74]. We did not assess cognitive outcomes, because this
was outside the scope of our review; however the effect
of exercise on cognitive health is increasingly important
to consider as adults age with HIV.
The effects of exercise on metabolic outcomes were

considered more frequently in studies published in the
post combination antiretroviral therapy era. Eleven of
the included studies assessed metabolic outcomes [25,
26, 28–30, 33, 34, 37–39, 42] of which eight reported
improvements with PRE (or combined PRE and aerobic
exercise) including increases in high density lipoprotein
(HDL) cholesterol, and decreases in total cholesterol, tri-
glycerides, fasting insulin, and C-Reactive Protein (CRP)
[25, 28, 29, 33, 34, 38, 39, 42]. As the field of literature
expands, future updates of this review should assess the
impact of exercise co-interventions, the impact of exer-
cise on outcomes including metabolic and inflammatory
markers and make an attempt to conduct sub-group
analyses that acknowledge changing health-related con-
sequences that may occur in the pre versus post era of
combination antiretroviral therapy.
Collectively, the concept of ‘exercise as medicine’ is

gaining momentum in chronic disease, emphasizing the
importance of exercise as a self-management strategy for
adults living with HIV [9, 75]. However, few people with
HIV exercise regularly [76]. Individuals living with HIV
multi-morbidity may exhibit a range of readiness to ex-
ercise [77]. Hence there is a need to consider innovative

ways to enhance physical activity among people with
HIV specifically suited to the individual. Strategies to en-
hance self-management and the uptake of physical activ-
ity may include personalized text messaging
interventions and physical activity monitors [78–80].
Health providers should consider the different percep-
tions of terms such as ‘exercise’ versus ‘physical activity’
among people living with HIV. For instance, physical ac-
tivity may be just as effective as regular exercise showing
similar benefits to cardiorespiratory status [57]. Hence,
health providers might provide further choice to their
clients if physical activity is just as beneficial as more
traditional forms of exercise.

Implications for research
Evidence for the safety and effectiveness of exercise is in-
creasing with mounting reviews, clinical guidelines, and
evidence-informed recommendations that support exercise
interventions for adults living with HIV [63, 64, 66, 81–86],
and specifically the benefits of exercise for older adults liv-
ing with HIV and multi-morbidity [52, 87, 88].
Similarly reported in our previous review, “interpreta-

tions of weight and body composition outcomes should
be considered relative to the publication dates of the in-
cluded studies. Prior to the advent of combination anti-
retroviral therapy, studies on exercise tended to include
participants with AIDS-wasting, whereas recent evi-
dence includes participants on combination antiretro-
viral therapy with lipodystrophy, body fat redistribution,
or hyperinsulinemia” [12]. Furthermore, we found more
published studies that assessed interventions such as tai
chi [89, 90] or co-interventions with exercise such as
diet and/or nutritional counselling [25, 26, 30, 91] met-
formin [28, 38], creatine [32] and pioglitazone [34]. Fi-
nally, this review included only 23% of women
participants revealing an under-representation of
women in the HIV and exercise literature.
As individuals live longer and age with HIV, future

research should involve older adults and people living
with multi-morbidity such as liver, cardiovascular, kid-
ney, and bone and joint diseases [4]. Finally, given
most of the studies included in the review involved
exercise interventions in clinical settings that were su-
pervised by health or research personnel, future re-
search studies might consider evaluating the impact
of non-supervised or community-based exercise inter-
ventions to reflect a self-management model for
people with HIV [92].

Conclusions
Engaging in progressive resistive exercise, or a combin-
ation of PRE and aerobic exercise three times per week
for at least six weeks appears safe and can lead to signifi-
cant improvements cardiorespiratory fitness (maximum
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oxygen consumption, exercise time), strength (chest
press, knee flexion), weight, and body composition (leg
muscle area, arm and thigh girth). Greater improve-
ments in weight and body composition were found with
resistive exercise compared to aerobic interventions.
Interpreting weight and body composition changes
should be considered relative to the introduction of
combination antiretroviral therapy. Progressive resistive
exercise is safe and beneficial for medically stable adults
living with HIV.
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