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Abstract
The aim of this study was to evaluate the effects of 16 weeks of combined exercise training (CET) on muscle strength, body 
composition, depression, anxiety and quality of life of people living with HIV (PLHIV). Twenty-three participants completed 
the study, 14 in trained group (TG) and 9 in control group (CG). TG consisted of resistance and aerobic training three times 
a week, while the CG was exposed to recreational activities twice a week. CET promoted increased muscle strength (25% 
in overall strength) and aerobic capacity (+ 20% in training speed and + 23% in VO2 during aerobic training; p < 0.05). In 
addition, TG had better quality of life and reduced depression rates (from 7 subjects with mild, moderate or severe depres-
sion to 1 post-training). In conclusion, this pilot data demonstrated that 16 weeks of CET increased muscle strength, and 
improved depression and quality of life indexes in a small sample of PLHIV.
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Resumen
El objetivo de este estudio fue evaluar los efectos de 16 semanas de entrenamiento combinado (CET) sobre la fuerza muscu-
lar, composición corporal, depresión, ansiedad y calidad de vida de las personas que viven con el VIH (PVHIV). Veintitrés 
participantes completaron el estudio, 14 en el grupo entrenado (TG) y 9 en el grupo control (CG). TG consistió en entre-
namiento de resistencia y aeróbico tres veces por semana, mientras que el CG estuvo expuesto a actividades recreativas dos 
veces por semana. CET promovió una mayor fuerza muscular (25% en la fuerza general) y la capacidad aeróbica (+ 20% en 
la velocidad de entrenamiento y + 23% en el VO2 durante el entrenamiento aeróbico; p < 0.05). Además, TG tenía una mejor 
calidad de vida y tasas de depresión reducidas (de 7 sujetos con depresión leve, moderada o severa a 1 post entrenamiento). 
En conclusión, estos datos piloto demostraron que 16 semanas de CET aumentaron la fuerza muscular y mejoraron los índices 
de depresión y calidad de vida en una pequeña muestra de PVHIV.
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Introduction

The human immunodeficiency virus (HIV) is the etiologic 
agent of acquired human immunodeficiency syndrome, and 
is a chronic disease that weakens the immune system ren-
dering the infected individual susceptible to opportunistic 
infections [1]. Currently, HIV can be successfully treated 
by antiretroviral therapy (ART), medications that restore the 
immune system and prevent HIV replication [2]. Indeed, 
ART dramatically reduced HIV-related mortality and mor-
bidity but turned HIV into a chronic condition with associ-
ated comorbidities including cardiovascular disease, kidney 
impairment, dyslipidemia, bone loss and others [3, 4].

Muscle loss and reduced muscle strength have been 
recognized as important comorbidities associated to ART 
[5–7]. Muscle loss and weakness lead to functional disabil-
ity, exercise limitation, increased risk of cardiovascular dis-
eases, and reduced quality of life [8, 9]. In addition, these 
comorbidities and ART adverse effects may also be psycho-
social stressors leading to depression and decreased quality 
of life, both of which can disrupt treatment and accelerate 
disease progression [10, 11].

Physical exercise can counterbalance both the adverse 
effects of ART and chronic HIV infection. Numerous ben-
efits of physical exercise has been demonstrated in people 
living with HIV (PLHIV) including increased muscle mass 
and strength, and enhanced cardiorespiratory fitness, body 
composition, metabolic profile, psychological profile and 
overall health [12–15]. Combined exercise training (CET) 
is a novel and promising intervention for PLHIV, because it 
combines strength and aerobic exercises in the same training 
session providing significant cardiovascular and neuromus-
cular benefits [16]. Despite its potential benefits and increas-
ing studies in PLHIV testing a CET intervention, recent 
reviews consistently confirmed the need for further studies 
in this area [15, 17–19]. Among the reasons cited, authors 
highlight the small amount of available studies and the sig-
nificant sample heterogeneity [14, 17–20]. Further, some 
conclude that the available studies were conducted years 
ago, and that their results may not represent today’s popula-
tion, due to a shift in patient demographics and treatment 
[20, 21]. Finally, there is a concern about the low number 
of female participants in the studies, and an indication that 
equally balanced groups in terms of gender could increase 
the quality of future randomized controlled trials [12, 14, 
20, 22]. Therefore, the aim of this study was to conduct a 
randomized clinical trial to evaluate the effect of 16 weeks 
of CET on muscle strength, body composition, depression, 
anxiety, and quality of life of PLHIV.

Methods

Experimental Design

PLHIV taking ART for at least 1 year were invited to partici-
pate in a 16-week CET program (aerobic training + strength 
training). Forty-six subjects were initially randomized to the 
trained group (TG, n = 25) or control group (CG, n = 21). 
The numbers were generated by a random number genera-
tor (www.rando​m.org) and placed in individual sealed and 
opaque envelopes. Men and women were randomized sepa-
rately, to maintain the same proportion in each group. Given 
the nature of the intervention (physical exercise), subjects 
and trainers were not blinded. Evaluations were performed 
in the pre- and post-training periods (baseline and 16-weeks 
after baseline), and all the subjects who completed both data 
collection visits were included in analysis (n = 23). For the 
pre- and post-training evaluations, subjects made six vis-
its to the laboratory at each timepoint, on non-consecutive 
days (separated by 48 h) as follows: Visit 1) anthropomet-
ric, body composition, and isokinetic strength (1st session) 
assessments; Visit 2) anxiety, depression, quality of life, and 
isokinetic strength (2nd session) assessments; Visits 3, 4 and 
5) dynamic muscle strength and dietary intake assessments.

Subjects

Subjects were recruited at the Hospital of the State Univer-
sity of Londrina and the Integrated Center for Infectious 
Diseases of Londrina, Brazil, through posters, flyers and by 
team members during clinical care. To be eligible, subjects 
must have had a documented HIV diagnosis, be between 
the ages of 18 and 60 years, and taking ART for at least 
1 year. Subjects were excluded if they reported participa-
tion in a planned, structured and repetitive physical exercise 
program to condition any part of the body (i.e. load and 
volume progression, as well as fixed frequency and duration) 
in the last 6 months, had been taking hormones or anabolic 
steroids, had any systemic infection (e.g., influenza, pneu-
monia, throat infection) in the 30 days prior to enrollment, 
or had any other medical contraindication. The study was 
conducted at the State University of Londrina and was initi-
ated after approval by the Ethics Committee for Research 
Involving Human Subjects of this university (#319.837) and 
Clinical Trials registering (#RBR-7hf8jw). Participation was 
voluntary, and all subjects were informed of the benefits 
and risks of the investigation prior to signing an informed 
consent document.

Forty-six subjects (21 men and 25 women) were enrolled 
in the study, but only 23 of them completed the post-training 

http://www.random.org
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evaluations (TG, n = 14, 8 women; CG, n = 9, 7 women; 
drop-out rate of 50%) and were included in the analysis. 
The main causes for attrition were personal and professional 
reasons along with health problems not related to exercise 
training (Fig. 1). The TG subjects’ adherence ranged from 
67.4% (32 sessions) to 100% (48 sessions), with a mean of 
87.4%, while the CG adherence ranged from 25.0% (8 ses-
sions) to 65.6% (21 sessions), with a mean of 42.1%.

Training Protocol

The training protocol consisted of 16 weeks of CET, per-
formed three times a week on non-consecutive days, and 
was organized in four stages with 4 weeks each as shown in 
Table 1. CET was supervised by experienced and licensed 
exercise physiologists, and each trainer was responsible for a 
maximum of three subjects. The order of execution (aerobic 
training or strength training first) was random, due to the 
equipment availability.

Aerobic training was performed on treadmills using heart 
rate monitors to control the desired cardiovascular intensity. 

The aerobic training consisted in a continuous walk in the 
first 4 weeks that was increased progressively using heart 
rate reserve (HRR) as demonstrated in Table 1. Subjects 
were instructed to start jogging when it was necessary to 
keep the desired cardiovascular intensity. HRR was calcu-
lated at weeks 1, 5, 9 and 13 (the first weeks of each train-
ing stage) and was used to determine each subject’s aerobic 
training prescription. To calculate the HRR, we used the 

Fig. 1   CONSORT flow diagram 
of participant recruitment and 
allocation

Analysed (n=9)
- Men (n=2)
- Women (n=7)

Lost to follow-up or discontinued 
intervention (n=12)
- Did not give reason (n=5)
- Personal reasons (n=3)
- Moved city (n=2)
- Health problems (n=2)

Allocated to Control group (n=21)
- Men (n=10)
- Women (n=11)

Lost to follow-up or discontinued 
intervention (n=11)
- Professional reasons (n=3)
- Health problems (n=3)
- Personal reasons (n=2)
- Did not give reason (n=2)
- Pregnancy (n=1)

Allocated to Trained group (n=25)
- Men (n=11)
- Women (n=14)

Analysed (n=14)
- Men (n=6)
- Women (n=8)

Allocation

Analysis

Follow-Up

Randomized (n=46)
- Men (n=21)
- Women (n=25)

Subjects interviewed and invited to take 
part (n=226)Recruitment

Excluded (n=180)
- Did not meet inclusion criteria (n=140)
- Declined (n=40)

Table 1   Combined exercise training program for 16 weeks

HRR heart rate reserve, MR maximum repetitions

Weeks Aerobic training Strength training

Duration 
(min)

Intensity Exercises Sets Repetitions

1–4 15 50–60% HRR 6 2 12–15 MR
5–8 20 50–60% HRR 6 3 8–12 MR
9–12 20 60–65% HRR 6 3 8–12 MR
13–16 20 60–65% HRR 6 3 8–10 MR



	 AIDS and Behavior

1 3

predicted maximal heart rate (HRmax, 220 − age) and the 
resting heart rate (HRrest, which was obtained with the par-
ticipants resting in a chair for 10 min, while recording the 
heart rate for the final 5 min). The target heart rate during 
training was calculated through the equation:

where HRmax = predicted maximal heart rate; HRrest = rest-
ing heart rate.

Strength training was composed of bench press, leg press, 
pulldown, leg curl, arm curl, and sit-up exercises, performed 
in that order. At week 9, we replaced the pulldown and leg 
curl exercises with seated cable rows and hack squat, and 
modified the strength exercise order (subjects performed 
lower limbs exercises first and then upper limb exercises) 
both to increase training intensity [23]. Subjects used fixed 
loads through the sets (i.e. all the sets of an exercise per-
formed with the same load), and the loads were consist-
ent with the stipulated number of repetitions. Loads were 
adjusted weekly, based on the results obtained through the 
application of maximum repetitions tests [24]. Subjects also 
performed three sets of 20–30 repetitions of sit-ups at the 
end of every session. Rest time was 60 to 90 s between sets 
and 2–3 min between exercises. Exercise session duration 
ranged from 50 to 70 min. Subjects were instructed to not 
participate in any other exercises during the duration of the 
study.

The CG completed two recreational session meetings per 
week on nonconsecutive days. The meetings were composed 
of light activities such as stretching, recreational games and 
dancing. This control condition was designed to maintain 
contact with subjects during the training period to minimize 
attrition, without promoting physical fitness improvements.

Medical Characteristics

With their permission, medical records were obtained from 
the participants’ health services and were used to abstract 
the following data: year of HIV diagnosis; latest measures 
of HIV viral load, CD4+, and CD8+ lymphocyte counts 
(average time between last exam date and beginning of 
training was 2.3 ± 1.6 months); year of initiation of ART; 
and the composition of the current ART regimen. These 
data were obtained in the pre-training period and were used 
descriptively.

Anthropometry and Body Composition

Total body mass was measured with an electronic Urano 
(Canoas, RS, Brazil) scale with resolution of 0.1 kg and 
height was measured with a stadiometer with 0.1  cm 

Aerobic training heart rate = (HRmax − HRrest) × intensity + HRrest

resolution. Body mass index (BMI) was calculated as body 
mass (kg) divided by height (m2).

Lean and fat body mass were measured using bioelectri-
cal impedance (Xitron® Hydra ECF/ICF 4200, Xitron Tech-
nologies, San Diego, USA), in accordance with the proce-
dures described by Sardinha et al. [25]. Prior to completing 
the bioelectrical impedance, subjects were asked to fast for 
12 h, not engage in any strenuous physical exercise, avoid 
foods or drinks containing caffeine in the last 24 h, urinate 
30 min prior the test, and remove any metal accessories. The 
procedure was conducted with subjects laying in a supine 
position with their legs and arms apart, and four electrodes 
were placed on the right side of the body.

Fitness Variable Measurements

Dynamic muscle strength was assessed using the 1 repetition 
maximum test (1RM) for bench press, leg press and arm curl 
exercises. For each exercise, subjects warmed-up with light 
loads followed by 2 min of rest; subjects were submitted 
to three maximum repetition trials with three to 5 min of 
rest between them [5]. Tests were conducted on three non-
consecutive days. The execution technique of each exercise 
was standardized and monitored by an exercise physiologist 
to ensure proper and consistent execution. We reported the 
1RM value of each exercise (bench press, leg press and arm 
curl) and also the 1RM total, which was obtained by adding 
up the values of the three exercises.

Isokinetic strength evaluation was carried out at speed 
of 60°/s for knee extension in the concentric mode on a 
Biodex® Multi-Joint System – PRO dynamometer (Biodex 
Medical Systems Inc., Shirley, USA), in accordance with 
procedures described by Terreri et al. [26]. After 5 min of 
warming up on a cycle ergometer in a self-selected load, par-
ticipants were positioned and stabilized on the dynamometer 
chair. Test range was determined according to the range of 
motion of the subject that was being evaluated, and calibra-
tion and gravitational correction were performed. Before the 
test, the subjects performed four submaximal repetitions to 
familiarize themselves with the movement and testing pro-
cedures. The protocol consisted in a set of three repetitions 
performed bilaterally, and the choice of which leg to test 
first was made randomly. Verbal encouragement to motivate 
maximum effort during the test was consistent across sub-
jects. Subjects first performed a familiarization session and 
then a testing session, which occurred after a minimum of 
48 h after the familiarization session (time range 48 to 72 h) 
and at the same time of day. We reported the peak torque 
normalized by body mass and the mean power.

To determine the subjects’ evolution during the CET 
program (Fig. 2), we calculated the velocity and the VO2 
in the aerobic training component, as well as the load and 
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the total overload in strength training. The velocity was the 
average used by all subjects. The VO2 was estimated through 
the American College of Sports Medicine equations [27], 
which consist of summing the resting + horizontal + vertical 
components. The total load was obtained by summing the 
loads used in all exercises. The total overload was calculated 
by multiplying loads × repetitions. Moreover, as CET was 
divided into four stages with 4 weeks each, we examined 
changes during the first week of each stage (weeks 1, 5, 9 
and 13) and in the last week of the CET program (week 16).

Anxiety, Depression and Quality of Life

Three validated and widely used questionnaires were 
used to measure indices of anxiety (the Beck Anxiety 
Inventory), depression (Beck Depression Inventory) and 
health-related quality of life (World Health Organization 
Quality of Life instrument, WHOQOL-HIV Bref). The 
WHOQOL-HIV is a multidimensional instrument related 
to a subject’s perception about their quality of life in six 
domains: physical, psychological, level of independence, 

social relationships, environment and spirituality/religion/
personal beliefs [28]. All questionnaires were administered 
by a licensed psychologist in their Portuguese versions 
[29–32] and were scored and interpreted based on the rec-
ommended scoring procedures.

Dietary Intake

A 24-h dietary recall was used to assess food intake, and 
the recalls were completed during interviews conducted by 
licensed nutritionists on 3 days, including 2 weekdays and 
1 weekend day. The software DietPro 5.1 (A.S. Sistemas, 
Viçosa, MG, Brazil) was used to quantify the mean intake 
of energy and macronutrients.

Statistical Analyses

Data normality was checked through the Shapiro–Wilk test; 
Levene’s test was used to analyze the homogeneity of vari-
ances; Independent t test was used to examine differences 

Fig. 2   Evolution of combined exercise training at weeks 1, 5, 9, 
13 and 16. Bars represent 95% of the confidence interval. a Aver-
age velocity used in aerobic training, b oxygen consumption (VO2) 
in aerobic training, c Total load used in strength training, d Total 

strength training overload (load x repetitions). *p < 0.05 versus week 
1; #p < 0.05 versus week 5 by ANOVA one-way followed by Bonfer-
roni post hoc test
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in baseline scores between CG and TG. Fitness parameters 
(aerobic training velocity, VO2, total training load and over-
load) through 16-weeks of CET were compared using one-
way analysis of variance (ANOVA), followed by Bonfer-
roni post hoc test. To determine the effects of training in 
strength and body composition variables, the post-training 
values were compared between groups using an analysis of 
covariance (ANCOVA), where the post-training values were 
considered dependent variables, the group allocation was 
the independent variable, and the baseline values were the 
covariates. Additionally, the magnitude of the differences 
was calculated from the effect sizes using the Cohen method, 
where a Cohen’s d value lower than 0.2 was classified as 
‘trivial’, between 0.2 and 0.49 was ‘small’, between 0.5 and 
0.79 was ‘medium’, and 0.8 and higher was ‘large’ [33]. 
Depression and anxiety scores were compared using Fisher’s 
exact test. Statistical significance was set at p ≤ 0.05, and 
data was analyzed using a SPSS for Windows Version 22.0 
(SPSS Inc., Chicago, IL, USA).

Results

Participants were 45.5 ± 7.2  years old, had a BMI 
of 26.0 ± 5.7  kg/m2, and were living with HIV for 
13.5 ± 4.2 years. Regarding immunologic characteristics, 
CD4+ lymphocytes count was 712.4 ± 472.3 cells/mm3, 
CD8+ lymphocytes count was 1157.3 ± 582.3 cells/mm3, 
and approximately 80% of the subjects were undetectable for 
HIV viral load (< 40 copies/mm3). In addition, participants 
were taking ART for 12.1 ± 4.7 years, and the most com-
mon schemes were: (a) Nucleoside Reverse Transcriptase 
Inhibitor + Protease Inhibitor (n = 13), and (b) Nucleoside 
Reverse Transcriptase Inhibitor + Non-nucleoside Reverse 
Transcriptase Inhibitor (n = 12). There were no significant 
differences (p > 0.05) between intervention groups on the 
above cited variables. Moreover, there were no differences 
on any of the baseline values (muscle strength, body com-
position, anxiety and depression rates, quality of life, and 
dietary intake; p > 0.05).

Figure 2 presents the evolution of speed and VO2 in aero-
bic training along with total load and overload of strength 
training during the CET program. The average aerobic 
training speed increased significantly (p < 0.05) from week 
1 (5.6 km/h) to 9 (6.6 km/h; + 18%). There was also a sig-
nificant increase in VO2 during aerobic training from week 
1 (12.8 mL/kg/min) to 9 (15.6 mL/kg/min; + 22%). Con-
sidering strength training, the total training load increased 
(p < 0.05) progressively from week 1 (144 kg) to 9 (197 kg; 
+ 37%), and from week 5 (173 kg) to 13 (222 kg; + 28%). 
The total strength training overload at weeks 5 (6062 kg, 
+ 80%), 9 (6948 kg, + 106%), 13 (6774 kg, + 101%) and 

16 (7141 kg, + 112%) were higher (p < 0.01) than week 1 
(3371 kg).

Figure 3 demonstrates the comparisons of the dynamic 
and isokinetic strength variables for CG and TG in the 
pre- and post-training periods. CET significantly increase 
(p < 0.05) dynamic strength measured using chest press, leg 
press and arm curl, which did not occur in CG. Cohen´s 
coefficient demonstrated a large increase for bench press 
(Pre = 36.9 vs. Post = 41.3 kg, + 12%, Cohen´s d = 1.00), 
leg press (Pre = 149.6 vs. Post = 193.8  kg, + 30%, 
Cohen´s d = 2.84), arm curl (Pre = 24.8 vs. Post = 26.9 kg, 
+ 8%, Cohen´s d = 1.37) and 1RM total (Pre = 211.3 vs. 
Post = 262.0 kg, + 24%, Cohen´s d = 2.88). No significant 
differences were found for peak torque and mean power in 
the isokinetic test.

Despite no significant changes in body composition 
(p > 0.05; Table 2), the CG demonstrated an increase in fat 
deposits (11% increase in % of body fat considered ‘large’ 
according to Cohen’s d value) which was not observed in 
the TG.

Table 3 presents the classification of WHOQOL-HIV and 
Beck Inventories for depression and anxiety scores deter-
mined for the CG and the TG in the pre- and post-training 
periods. CET significantly improved (p < 0.05) the quality 
of life scores in the level of independence domain, which 
did not occur in the CG. CET also significantly decreased 
(p < 0.05) depression rates. Six (85%) of the trained PLHIV 
have their depression score reduced from mild, moderate or 
severe to minimal. No significant difference was observed 
for anxiety scores (p = 0.06).

Lastly, there were no differences (p > 0.05) between 
groups regarding energy and macronutrients (carbohydrate, 
protein and lipid values) intake, indicating that the dietary 
pattern of subjects in both groups was similar, and it had 
little influence on the results presented.

Discussion

Our results demonstrated that 16 weeks of CET increased 
muscle strength, and improved quality of life and depres-
sion scores among this small sample of PLHIV. In addi-
tion, PLHIV showed improvements in strength and aerobic 
training components during training sessions, demonstrating 
better exercise capacity at the end of the program. The high 
drop-out rate observed in this study was a concern (drop-out 
rate of 50%), but this pilot data demonstrates the potential of 
CET to act as a complementary strategy to HIV treatment by 
minimizing adverse effects caused by ART.

Functional decline including frailty is recognized as an 
important comorbidity associated with ART use [34]. It 
has been demonstrated that functional decline, sarcopenia 
and frailty may occur prematurely among relatively young 
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PLHIV compared to people living without the infection 
[35, 36]. This early muscle mass and muscle strength 
losses lead to frailty in PLHIV, and has been related to 
ART-mediated muscle mitochondrial toxicity which cul-
minates in functional impairment and increased mortality 
[34–36]. Oliveira et al. [5] studied 44 PLHIV and 25 peo-
ple living without the infection, and found that HIV infec-
tion was associated with impaired dynamic and isokinetic 
strength. Richert et al. [37] analyzed the French Agency 

for AIDS and Hepatitis Research CO3 Aquitaine Cohort 
(n = 324, 89% on ART) and demonstrated that half of their 
subjects performed poorly on locomotor tests related to 
lower limb muscle strength compared to data established 
in the general population. Also, aerobic capacity was 
reduced in PLHIV taking ART compared to predicted 
values [38].

Our data demonstrated that participants evolved in 
strength and aerobic training capacity over a short period 

Fig. 3   Dynamic and isokinetic 
strength determined pre and 
post 16 weeks of combined 
exercise training. Lines rep-
resent 95% of the confidence 
interval. *p < 0.05 between 
groups (ANCOVA) at the post-
training period, when controlled 
for the baseline value. 1RM = 1 
Repetition Maximum Test; (% 
BM) = absolute values of peak 
torque corrected by body mass 
and expressed as percentage 
of this
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of time, when comparing the beginning of CET with the 
subsequent training sessions. CET has become the exercise 
regimen of choice against chronic disease comorbidities 
because it combines strength, aerobic capacity enhance-
ments and significant changes in body composition in a 
relative short period of time [16]. This is particularly rel-
evant since decreased levels of muscle strength and aerobic 
capacity are associated with overall health and increased risk 
of mortality and hospitalization [39–41]. Studies have also 
demonstrated that the risk and the cost of hospitalization 
among PLHIV progressively increase in the presence of one 
or more comorbidities (e.g. dyslipidemia, hypertension, as 
well as renal, liver, and chronic pulmonary comorbidities) 
[42]. Thus, is reasonable to affirm that CET is a novel and 
promising tool to counteract ART-associated comorbidities 
and to reduce the cost of PLHIV treatment. Noteworthy, 
although the CG participants attended a few recreational 

sessions during our study, it was insufficient to promote 
strength gains or beneficial changes in other variables.

The improvements in physical fitness observed in our 
study appear to be followed by positive maintenance of 
body fat mass. Even though it was not statistically signifi-
cant, the results indicate a relevant clinical importance. 
Today, PLHIV taking ART often present with decreased 
muscle loss, but also experienced several metabolic and 
lipid disorders, that together can lead to an increased risk 
for cardiovascular disease [43]. Similar to the general popu-
lation, overweight or obesity has growing among PLHIV. 
As an example in the same ethnic group, Kroll et al. [44] 
demonstrated in a Brazilian cohort of 345 PLHIV, 8.3% 
were classified as obese, 34.2% were overweight, and 5.2% 
were malnourished. Thus, our intervention also promoted 
slightly beneficial effects on fat mass (compared to the 11% 
increase in % of body fat observed in CG). We believe that 
body composition analysis in our study was limited by the 

Table 2   Comparison of body 
composition variables between 
pre- and post-training periods

Data are presented as mean ± standard deviation
ES effect size (Cohen´s d), BMI body mass index, LBM lean body mass

Variables Control group (n = 9) Trained group (n = 14)

Pre Post Δ% (ES) Pre Post Δ% (ES)

Body mass (kg) 62.7 ± 16.4 63.8 ± 16.5 1.8 (0.85) 67.9 ± 9.5 67.7 ± 9.4 − 0.4 (0.14)
BMI (kg/m2) 25.6 ± 5.0 25.9 ± 5.0 1.6 (0.56) 25.9 ± 3.4 25.7 ± 3.5 − 0.5 (0.20)
LBM (kg) 43.2 ± 12.1 42.3 ± 11.9 − 2.2 (0.59) 47.9 ± 8.3 47.9 ± 9.0 0.5 (0.03)
Fat mass (kg) 19.5 ± 9.8 21.5 ± 9.2 13.5 (1.08) 20.1 ± 8.1 19.7 ± 7.3 − 3.5 (0.10)
Fat % 30.4 ± 10.8 33.2 ± 9.9 11.4 (1.05) 29.2 ± 10.7 28.9 ± 9.8 − 3.9 (0.04)

Table 3   Comparison of quality of life scores (WHOQOL-HIV Bref) and Beck Inventory for depression and anxiety classification between pre- 
and post-training periods

*p < 0.05 between groups (ANCOVA) at the post-training period, when controlled for the baseline value (continuous variables). ES effect size 
(Cohen´s d). Data are presented as mean ± standard deviation for quality of life scores, and as absolute (relative) cases for anxiety and depression 
scores

Control group (n = 9) Trained group (n = 14)

Pre Post Δ% (ES) Pre Post Δ% (ES)

Quality of life
 Physical 12.1 ± 2.1 11.7 ± 2.1 − 1.9 (0.21) 12.0 ± 2.2 12.1 ± 1.8 3.5 (0.06)
 Psychological 10.8 ± 3.1 11.5 ± 3.3 10.9 (0.25) 12.7 ± 1.8 12.9 ± 1.6 2.8 (0.14)
 Level of independence 12.4 ± 3.2 12.2 ± 2.1 − 1.8 (0.10) 13.5 ± 2.5 14.7 ± 2.1* 10.9 (0.73)
 Social relationships 14.1 ± 2.9 13.9 ± 2.9 − 0.3 (0.08) 14.9 ± 2.4 15.0 ± 2.4 1.9 (0.07)
 Environment 11.9 ± 2.8 11.5 ± 3.0 − 3.1 (0.24) 12.9 ± 2.7 13.6 ± 2.6 7.7 (0.36)
 Spirituality 13.2 ± 4.7 12.8 ± 3.8 − 2.9 (0.16) 10.8 ± 3.2 9.6 ± 1.9 − 4.6 (0.39)

Anxiety
 Minimal anxiety (%) 2 (22.2) 4 (44.4) p = 0.31 6 (42.9) 11 (78.6) p = 0.06
 Mild, moderate or severe anxiety (%) 7 (77.8) 5 (55.6) 8 (57.1) 3 (21.4)

Depression
 Minimal depression (%) 2 (22.2) 5 (55.6) p = 0.17 7 (50.0) 13 (92.9) p = 0.01
 Mild, moderate or severe depression (%) 7 (77.8) 4 (44.4) 7 (50.0) 1 (7.1)
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use of bioelectrical impedance, which is not the most accu-
rate measurement technique. A similar intervention study 
showed a reduction in body fat measured using dual energy 
X-ray absorptiometry [45]. Future research using larger sam-
ple sizes and more precise measurement techniques (i.e., 
dual energy X-ray absorptiometry) is needed to evaluate the 
effects of CET interventions on body fat mass in PLHIV.

The CET also improved psychosocial indicators including 
health-related quality of life and depression. Regarding anxi-
ety, five (62%) of the trained PLHIV have their anxiety score 
reduced from mild, moderate or severe to minimal, with a 
p-value of 0.06, which may be worthy of further investi-
gation in subsequent more highly powered studies. PLHIV 
deal with challenging psychosocial stressors that can lead to 
the development of depression and anxiety. In a systematic 
review, Lowther et al. [46] demonstrated depression preva-
lence rates between 34 to 42% and 21 to 40% for anxiety, 
indicating that PLHIV present higher rates of depression 
and anxiety compared to individuals with other chronic dis-
eases, such as cancer, diabetes and multiple sclerosis. In 
the general population, the prevalence of depression ranges 
from 1.3 to 9.7%, and anxiety ranges from 4.4 to 18.1% [46]. 
Such psychosocial problems among PLHIV are associated 
with low adherence to ART, which can lead to treatment 
failure and to disease progression [10, 46], and also may be 
associated with low adherence to exercise [47]. In contrast, 
even small increases in muscle strength and aerobic capac-
ity together with changes in body composition may improve 
PLHIV’s self-confidence. Also, engaging in group-based 
exercise may give participants opportunities to establish 
contact with other PLHIV and to provide additional peer 
support. The supportive atmosphere among the participants 
could provide a place where they can enjoy themselves with-
out fear of stigma and rejection, which reduces social isola-
tion and hopelessness [22]. Thus, our results demonstrated 
that a group-based CET may help to minimize the effects 
of stigma, to promote positive social relationships, and to 
improve subjects’ independence and quality of life, aspects 
that may improve ART treatment adherence.

Attrition is the main limitation of the present study (drop-
out rate of 50%). The reduced sample may have compro-
mised the statistical power to detect differences between 
groups specially regarding lean and body fat changes. Attri-
tion has been demonstrated to be common in interventions 
involving PLHIV, with an overall drop-out rate of 29.3%, 
which is higher than other populations with chronic diseases 
[48]. Causes for non-adherence to exercise among PLHIV 
are poorly described, but psychological characteristics 
appear to differentiate between adherent and non-adherent 
patients; some results indicate that those with better per-
ceived well-being are more likely to show interest in further 
improvements [47]. In our sample, it is possible that the lack 
of remuneration and/or logistical barriers may have impacted 

subjects’ compliance and adherence. Given the high attrition 
rate, we performed a per-protocol analysis [49]. Despite this 
pilot data demonstrates the effectiveness of CET to improve 
some health outcomes, future studies should focus attention 
on improving subjects’ adherence and retention to this prom-
ising exercise format. Also, research is needed to replicate 
findings from this study in larger, well-powered samples.

Our study also had several noteworthy strengths that must 
be considered. First, despite the increased CET research, 
different reviews highlight the few available studies and the 
lower quality attributed to these studies, since some of them 
fail to include a randomized control group [14, 17–20]. Also, 
studies include a lower proportion of female participants 
[12, 14, 20, 22]. Thus, we tried to address these issues in our 
protocol. Moreover, we strongly controlled exercise volume 
and load progression along the intervention, to keep exercise 
stimulus challenging and effective during the entire training 
period [23].

In conclusion, this pilot data demonstrated that 16 weeks 
of CET increased muscle strength, and improved depres-
sion and quality of life indexes in a small sample of PLHIV, 
showing its potential to ameliorate important disturbances 
experienced by this population. Also, CET appears to be 
an engaging exercise model for PLHIV, since it combines 
strength and aerobic exercises in same training session, gen-
erating physiological adaptations from these two types of 
exercise. Thus, CET is a safe and an effective complemen-
tary intervention for the health promotion of PLHIV.
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