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Abstract

Background: HlV-associated neurocognitive disorder (HAND) negatively impacts quality of life (Qol) of people living
with HIV who are on antiretroviral therapy (ART). Behavioural intervention adjunct to ART may improve QoL of people
with HAND. We determine the effect of a 12-week aerobic exercise programme on QoL in people with HAND who
were receiving ART.

Trial design: This was a parallel-group, randomised controlled trial with concealed allocation and intention-to-treat
analysis.

Methods: We identified 73 participants diagnosed with HAND. Participants were sampled from an earlier study that
examined the prevalence of HAND according to the Frascati criteria. Participants were randomised and allocated to
an intervention of 12-weeks of aerobic exercise, comprising three 20-60 min sessions per week of moderate-intensity
aerobic exercise using a cycle ergometer. The primary outcome was Qol, which was evaluated using the World Health
Quality of Life Questionnaire (WHOQoL)-BREF.

Results: Participants in the exercise (n=239) and control (n = 35) groups had similar sociodemographic characteris-
tics (p>0.05). Following the 12-week aerobic exercise programme, participants in the exercise group had improved
physical (p <0.001), psychological (p =0.008) and environmental (p=0.001) domains of the QoL (p=0.001) and
overall QoL (p=0.001) relative to the control group. Similarly, participants in the exercise group had lower depression
scores than participants in the control group. Depression scores in the exercise group were still lower 3 months post-
intervention (p =0.007). Only the improvements in physical (p=0.02) and psychological (p =0.007) domains of QoL
were sustained at 3 months post-intervention.

Conclusions: Aerobic exercise improves the QoL of people with HAND. To ensure sustained benefits, people with
HAND may need to engage in long-term physical exercise.

Trial registration The trial is registered with the PAN African Trial Registry (PACTR). Date: 01/09/2020, ID:
PACTR202009483415745
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Introduction

With the advent of combination antiretroviral ther-
apy (ART), HIV has evolved into a chronic condition,
with many people living longer and ageing with HIV-
related health consequences, treatment side effects and
multi-morbidity [1, 2]. Many people living with HIV
(PLWHIV) develop disability-related symptoms such
as pain, exhaustion, activity limitations, social inclu-
sion challenges, depression and cognitive impairments
[3-5]. Before ART became widely used, PLWHIV who
developed acute HIV syndrome following seroconver-
sion commonly developed severe cognitive impair-
ment, also known as HIV-associated dementia or HIV
encephalopathy [6, 7]. The widespread use of ART
has reduced the burden of HIV-associated demen-
tia. Regardless, the prevalence of mild, self-limiting
variants of HIV-associated neurocognitive disorder
(HAND) has increased, particularly in low- and mid-
dle-income countries [8, 9].

The global prevalence of HAND is 42.6%, with sub-
Saharan Africa sustaining a significant portion of this
disease burden [8, 10]. The manifestation of HAND is
associated with the continued replication of HIV in the
brain, even after systemic viral suppression is achieved
[11, 12]. Damage to the affected areas of the brain and
neural networks increases the brain’s susceptibility to
neurocognitive impairment [12]. People with HAND
may suffer from memory loss, impulsivity, irritabil-
ity, visuospatial difficulty, acalculia, and difficulty with
concentration and attention [13, 14]. Patients receiving
cART may also present with less severe but persistent
HAND, which will have a detrimental impact on sur-
vival [11]. Both HIV-related neurocognitive impair-
ment and sarcopenia are associated with a reduced
quality of life (QoL), as previously reported [15-19].
Therapeutic interventions are required to ensure opti-
mal clinical outcomes and maintain QoL in this vulner-
able group [10].

Various pharmacological interventions including
intranasal insulin or cambinol [20] and psychostimu-
lants [21] have been examined for their potential to
alleviate the symptoms of HAND, however, their effi-
cacy remains debatable [22]. Currently, there is no
viable treatment for mild neurocognitive dysfunction
in PLWHIV [22, 23]. Given the adverse effects associ-
ated with long-term use of ART, physical activity inter-
ventions may offer a non-pharmacological alternative
for managing and rehabilitating HAND in PLWHIV

[24]. Physical activity improves physical functioning,
psychological well-being and QoL in the general pop-
ulation as well as amongst PLWHIV [25-28]. Physical
activity stimulates blood-brain barrier permeability,
enhances synaptic plasticity, increases the secretion of
neurotrophins and regulates neuroinflammation [13,
29, 30]. Aerobic exercise also offers a partial solution
to sarcopenia as it ameliorates mitochondria-derived
problems and helps the muscles respond to resistance
exercise [31].

Currently, few studies have investigated the value of
exercise for enhancing cognitive impairment amongst
PLWHIV. The few existing studies have used differ-
ent study designs, often sampling mixed populations
of PLWHIV with or without cognitive impairment and
testing low-intensity exercises [28, 32]. Our recent sys-
tematic review confirms a paucity of data on the effects
of structured exercise programs on clinical outcomes
of PLWHIV with HAND [12]. Long term and vigorous
aerobic exercise improves blood permeability to ART
and regulates neuroinflammation [13, 33, 34], which
improves the QoL for patients with HAND. In this ran-
domised clinical control trial, we investigated the effects
of aerobic exercise on QoL, the primary outcome, of
PLWHIV who had been diagnosed with HAND. We also
considered the effects of aerobic exercise on secondary
outcomes, namely ART adherence, depression, heart rate
and blood pressure.

Methods

Study design

This was a parallel-group, randomised controlled trial,
with concealed allocation and intention-to-treat analy-
sis. The intervention comprised aerobic exercise, and was
compared a no-treatment control group. We followed the
guidelines as outlined in the CONSORT checklist (Addi-
tional file 1). The University of Pretoria Research Ethics
Committee (Ethics reference no. 152/2020) approved the
study. We first introduced and explained the purpose of
the study to all prospective participants, who then gave
informed consent before enrolling in the study. Partici-
pants reserved the right to withdraw their participation
without inducement and such right was upheld through-
out the study.

We estimated sample size based on random sampling
with a two-group t-test with a 5% two-sided significance
level. A sample size of 68 (34 per group) was calculated to
have 80% power to detect a median effect size (0.7). The
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final sample size was calculated using G-power version
3.1.9.7.

To randomly select participants, we generated a
sequence of random numbers using Random Restricted
Software 2.0 and employed a restricted randomisation
scheme with blocking, using a block size of four. The allo-
cation was concealed by sealing the generated numbers
with letter-size opaque brown sealed envelopes. On a dis-
creet region of the envelopes, C (control) or E (exercise)
was written to differentiate between groups. All partici-
pants were enrolled by the principal investigator (NM).
Two trained research assistants generated the random
sequences and assigned participants either to the treat-
ment or control group.

Two outcome assessors, the principal investigator and
a clinical psychologist were blinded to participants’ inter-
vention groups. To avoid data contamination at baseline,
participants were not immediately informed to which
group they belonged.

Participants
All participants were PLWHIV diagnosed with HAND.
The diagnosis was confirmed by a clinical team compris-
ing a clinical psychologist and a physiotherapist who was
familiar with neurology and a neurologist. HAND was
diagnosed according to the Frascati criteria using neu-
ropsychological battery (NP) tests previously proven
to be reliable amongst the study participants [35]. The
NP tests included the Hopkins Verbal Learning Test-R
(HVLT-R), controlled oral word association (COWAT),
Trail Making Test-A (TMT-A) and -B (TMT-B), Digit
Span Test-forward (DST-f) and -backward (DST-b). We
also assessed the self-reported cognitive compliance and
the functional ability of all participants using the instru-
mental ability of daily living scale. The clinical team also
performed a brief neuromedical assessment of each par-
ticipant using a tool approved by a neurologist.
Participants were only enrolled if they met the fol-
lowing inclusion criteria: diagnosed with HAND, physi-
cally inactive (sedentary<2 h of exercise per week); had
formal education (at least primary 6); ready to exer-
cise upon assessment, and not engaged in regular exer-
cise for approximately 3 months before the study. We
excluded participants who were older than 65 years;
had uncontrolled hypertension (blood pressure (BP)
" 140/90 mmHg); significant deafness, eye impairment
and physical disability; history of traumatic brain injury,
psychiatric illness and focal neurological deficit recent;
active history of depression, alcohol intoxication and
substance abuse; musculoskeletal injury or acute ill-
ness capable of hampering exercise performance; preg-
nancy, angina pectoralis and/or shortness of breath at
rest or during exercise. We also excluded participants on
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cognition enhancing drugs such as eugeroics, attention
deficit/hyperactive disorder medications and nootropic
supplements. Participants’ ART adherence was assessed
using three days self-report history [36, 37]. Participants
were asked to recall how many times they missed their
medication in the past 3 days.

The study took place at the Physiotherapy department,
University of Nigeria Teaching Hospitals (UNTH) Ituku-
Ozalla, and Notch Physiotherapy Clinic, Uwani Enugu. A
preliminary investigation confirmed that almost half of
the prospective participants that visited the UNTH ART
clinic were from Enugu Metropolis. Hence, we chose
Notch Physiotherapy Clinic as the second site as it was
a more central location for most participants. To ensure
consistency, the intervention team comprising two quali-
fied physiotherapists and two research assistants were
trained by the principal investigator in a setting simi-
lar to the research sites in terms of convenience. Study
centres were allocated strictly based on participants’
convenience.

Physical activity protocol

Participants in the aerobic-exercise or physical activ-
ity group exercised on cycle ergometers, at a moderate
intensity of between 60-80% of their HRmax as recom-
mended by the American College of Sports Medicine
(ACSM) [38]. Participants trained three times a week
for 12 weeks. Given the chronicity of HIV, the initial
(first 4 weeks) training sessions comprised 20-30 min
of aerobic exercise, depending on the patients’ fitness.
After the first 4 weeks, the duration of training sessions
increased to 30—-45 min, and further increased after the
8th week to 60 min. Participants were encouraged to give
their best to moderate-intensity exercise. All participants
were prepared for exercise following the ACSM guide-
lines [38], and fitness testing was performed by qualified
physiotherapists.

The control group or no activity group received edu-
cation at baseline and at the 6th week. The education
consisted of text messages detailing the benefit of physi-
cal exercise for PLWHIV. We asked participants in this
group to refrain from exercise until they were requested
to do so. Adherence to ART was calculated as the num-
ber of drugs taken divided by the total number expected/
prescribed. Exercise adherence was calculated by divid-
ing the number of exercise sessions that a participant
attended over total expected sessions (i.e. 36).

Exercise testing

We followed the Young Men Christian Association
(YMCA) bicycle ergometer protocol to conduct a base-
line evaluation, after the 12-week exercise program
and at 3 months follow-up [39]. The YMCA protocol
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uses two to four 3-min stages of continuous exercise,
two heart rate (HR)-power output data points between
110 and 150 bpm are needed. The test is designed to
raise the steady-state HR between 110 and 150 bpm,
80% of the age-predicted (HRmax) for at least two con-
secutive stages. Using the Life-Fitness Cycle Ergometer
(95 Ci, USA), we set the first 3 min workload between
25-50 watts. The speed was set at 50 rpm. The partici-
pants’ HR was read within the last minute of each stage.
When we achieved an HR>110 bpm in the first 3 min,
then only one additional 3-min stage at a workload of
75 watts was required. However, where the second stage
HR was <110 beats/min, we required two additional
stages at a workload of 75-125 watts, to obtain two HR
between 110 and 150 beats/min. The two steady-state
HRs were plotted against the respective workload on the
YMCA graph sheet. The line generated from the plot-
ted points was then extrapolated to the age-predicted
HRmax and a perpendicular line was dropped to the
x-axis to estimate the work rate (VO,,,,,) that would have
been achieved if the individual had worked to maximum
capacity [40, 41].

Quality of life assessment

We assessed QoL using the World Health Organisation
Quality of Life (WHOQoL)-BREF, which has been vali-
dated in diverse settings, including African countries,
and is based on a well-described definition of QoL [42].
The WHOQoL-BREF comprises physical, psychological,
social and environmental domains and is recommended
for assessing QoL in PLWHIV [42, 43]. It has an internal
consistency of «=0.74—0.85 and test—retest reliability of
rho=0.64-0.79 [44]. Each of the four domains is meas-
ured using a five-point Likert scale in which one (1) indi-
cates low and five (5) indicates high perception [42]. The
WHOQOL-BREF measures perceived QoL and hence
contains items asking how patients felt about different
facets of life in the week before being assessed.

Cardiovascular parameters assessment

Participants in both groups’ resting HR was measured
using a pulse oximeter [45]. We also assessed the per-
centage oxygen saturation (SPO,) from the left finger
using a pulse oximeter [45]. Systolic blood pressure (BP)
and diastolic blood pressure (BP) were measured from
the left arm using an Accoson Sphygmomanometer and a
Littman Stethoscope.

Statistical analysis

Sociodemographic characteristics were summarised
using descriptive statistics of frequency and mean. An
intention-treat analysis was performed. Missing val-
ues were replaced through multiple imputations. We
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performed Little’s Test of Missing Completely at Random
(MCAR), however, our data did not meet the MCAR
assumption. The Shapiro—Wilk test was done to examine
the distribution of continuous data items and we per-
formed log-transformation to improve data distribution.
We employed parametric and non-parametric statistics
where applicable. A Chi-square test was conducted to
compare baseline categorical outcomes between groups.
A rank analysis of covariance (ANCOVA) was done to
compare post-treatment outcomes between groups. The
within-group comparison was executed using the Fried-
man test. Additionally, we performed a per-protocol
analysis and the outcomes are presented. Data were ana-
lysed using the Statistical Package for Social Sciences
(SPSS) version 22. The level of significance (a) was set at
0.05.

Results

A total of 267 PLWHIV were assessed for eligibility, of
whom 148 met the eligibility criteria. Of those invited,
only 75 responded to the invitation and were assessed for
pre-exercise eligibility. Seventy-three met the criteria and
were randomised into the exercise arm (38) and control
arm (35). Post-randomization scrutiny revealed 6 ineligi-
ble participants. Loss to follow-up were 2 (control arm)
and 4 (exercise arm) participants. All randomised partici-
pants were included in the final analysis (Fig. 1).

Participants in the exercise and control groups had
similar sociodemographic and cardiovascular character-
istics, including gender, age, education and occupation
groups (p>0.05). The cardiovascular characteristics of
the participants were reported in an earlier manuscript
submitted for publication in the Journal of Physiotherapy
[46]. In this paper, we retained cardiovascular variables
namely SPO, and HR, as they were associated with the
aims of this study. At baseline, participants in the exercise
and control groups had significantly different ART adher-
ence (p=0.001), SPO, (p=0.001), HR (p=0.001), physi-
cal domain of QoL (p=0.004) and overall QoL (p <0.001)
(Table 1).

Following the 12-week aerobic exercise programme,
participants in the exercise group had a significantly
lower depression score compared to participants in
the control group (p<0.001). At the end of the 12-week
aerobic exercise programme, participants in the exer-
cise group experienced a significant increase in HR
(p=0.008) and SPO, (p=0.001) compared to partici-
pants in the control group. Participants in the exercise
group recorded significantly higher physical (p<0.001)
and environmental (p=0.001) QoL and overall QoL
(p=0.001) (Table 2).

Following 3 months of rest from structured physi-
cal activity, participants in the exercise group still had
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Fig. 1 CONSORT flow diagram for the randomised control trial testing the effects of aerobic exercise on the Qol of PLWHIV diagnosed with HAND

significantly lower depression scores than participants
in the control group (p=0.007). At 3 month follow-
up, participants in the exercise groups had significantly
higher systolic blood pressure than participants in the
control group (p=0.036). Participants in the exercise
group recorded significantly higher physical (p=0.020)
and psychological (p=0.007) domains of QoL but not in
overall QoL (p=0.07) (Table 3).

In the exercise group, participants had the lowest
depression scores immediately after the 12-week exer-
cise program, but this difference was not significant
between assessments (p=0.38), Within the control
group, participants in the control group had the highest

depression scores 3 months post-intervention, but these
scores did not differ significantly (p=0.214). Within the
exercise group, participants had the highest rate of ART
adherence immediately after the exercise programme
(p=<0.001). Within each of exercise and control groups,
a significant decrease was noted in physical domain of
QoL (p<0.05) and overall QoL (p <0.05) (Table 4).

Discussion

We found that a 12-week aerobic exercise programme
improved QoL of PLWHIV diagnosed with HAND.
These improvements were however short term, sug-
gesting that exercise should be sustained to gain long
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Table 1 Baseline clinical characteristics and quality of life in PLWHIV diagnosed with HAND who participated in a randomised clinical
controlled trial to test the effects of aerobic activity on QoL

Approach Intention-to-treat Per protocol
Variables Group Statistics Group

Exp (n=38) Control (n=35) Exp (n=32) Control (n=35)

MR MR MWU-value p x(SD)/MR x=(SD)/MR t/MU-value p
Depression (BDI) 141.23 138.69 367.00 0.946 36.20 36.81 636.500 0.900
ART adherence 178.90 165.14 520.88 0.001*  34.98 32.02 49550 0171
SPO, 172.64 194.24 563.75 0.044* 3445 38.67 571.500 0377
Heart rate 164.74 202.83 505.96 0.001*  73.70(10.65) 77.57 (9.68) —1.610 0.112
Systolic BP 177.14 184.25 596.63 0515  36.20 36.81 636.500 0.901
Diastolic BP 21547 145.65 389.15 <0.001* 3897 27.32 351.000 0.013*
Physical QoL 163.77 194.84 505.89 0.004* 4497 (14.94)  49.37 (16.18) —1.191 0.238
Psychological QoL 17591 190.70 587.60 0.686 53.75(1737)  56.11(14.52) —0.621 0.536
Social relationship QoL 161.97 191.20 496.73 0.006* 3271 38.29 515.000 0.247
Environmental QoL 174.99 188.46 582.50 0.217 4963 (15.71)  50.69 (13.60) —0.301 0.764
Overall QOL 165.11 201.29 509.62 0.001* 4576(1232) 4966 (7.65) —1.603 0.113

Data for the exercise (Exp) and control groups are shown
MR: Mean rank; MWU: Mann-Whitney test; x (SD): mean (standard deviation); t: t-value
*: significant at alpha = 0.05

Table 2 The clinical characteristics and quality of life of PLWHIV diagnosed with HAND following a 12-week aerobic exercise

programme
Approach Intention-to-treat Per protocol
Variables Exercise (n=38) Control (n=38) MwWU P Exercise Control F p

MR (SE) MR (SE) n= 2_4—32) (n :_24—33)

MR/x (SE) MR/x (SE)

Depression score 83.84% (6.40) 101.90° (5.91) 430 0.039* 22.56 3244 231.00 0.020*%
ART adherence 115.34% (6.27) 113.98% (6.26) 0.02 0.878 21.71 23.00 216.00 0.208
SPO2 3.24° (0.095) 2.77°(0.098) 11.54 0.001% 31.29 2771 368.50 0.388
Heart rate 6.61(043) 4.95¢(0.45) 716 0.008* 75.98 (11.20) 71.20 (10.53) 1.690 0.096
Systolic BP 6.37% (0.44) 5.354(0.45) 263 0.106 103.39(13.73) 11048 (12.17) —2.030 0.047*
Diastolic BP 3.07(0.11) 3019(0.11) 012 0725 2591 30.02 32150 0337
Physical QoL 131.78%(6.72) 100.53% (6.75) 10.75 0.001* 34.76 2540 297.00 0.034*
Psychological QOL 127.59° (6.67) 101.957 (6.83) 7.22 0.008* 55.83(13.79) 51.57(15.85) 1100 0276
Social relationship QoL 19.63% (1.23) 13.31%¢(1.29) 12.62 0.266 35.84 23.16 236.50 0.004*
Environmental QoL 127.62° (6.61) 97.07% (6.69) 10.54 0.001% 53.97 (15.02) 46.17 (14.62) 2003 0.050
Overall QoL 7.82%7(0.43) 5.74%(0.44) 1143 0.001* 51.83 (7.20) 4593 (8.40) 2.889 0.005*

Data are shown for the exercise and control groups immediately after the exercise programme

X (SD): mean (standard deviation); BDI: Beck depression inventory; MR(SE): Mean rank (standard error); MWU: Man-Whitney test; t: t-value; Superscripts—a: controlled
for baseline difference in ART adherence; b: controlled for baseline differences in SPO,, c: controlled for baseline differences in pulse rate; d: controlled for baseline
differences in diastolic blood pressure; e: controlled for baseline differences in social relationship QoL; f: controlled for baseline differences in overall QoL

*: significant at alpha = 0.05

term benefits. To our knowledge, ours is the first study = Moderate-intensity aerobic exercise improves QoL [50],
to report the therapeutic effects of aerobic exercise on  while a combination of aerobic and resistance training
QOL in this sub-population of PLWHIV. Similar find- enhances several components of QoL in PLWHIV [51,
ings have been reported regarding the effects of physi- 52]. In our study, improved QoL was associated with
cal exercise on health-related QoL in PLWHIV [47-49].  higher oxygen saturation and lower depression scores.
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Table 3 Clinical characteristics and quality of life at 3 months follow up between exercise and control groups comparing the effects of

aerobic exercise on PLWHIV diagnosed with HAND

Approach Intention-to-treat Per protocol
Variables Exercise Control F P Exercise (n=24-32) Conyol (n=24-33) F p
(n=38) (n=35) MR/x (SD) MR/x(SD)
MR (SE) MR (SE)
ART Adherence 128.99° (5.61) 118.76% (5.79) 1.608 0.206 30.98 29.05 406.50 0321
Depression (BDI) 98.78% (6.48) 124.21% (6.74) 7406 0.007* 27.95 33.05 373.50 0.255
SPO, 40.45° (2.35) 36.92° (2.43) 1.085 0.298 28.26 24.87 293.50 0410
Heart rate 3.17°(0.11) 2.91(0.12) 2.726 0.100 73.30(13.68) 70.71 (13.53) 0679 0.500
SBP 17449 (1.33) 13409 (1.39) 4418 0.036% 2533 26.59 308.00 0.758
DBP 5504 (0.42) 6.034(0.44) 0.792 0374 2552 2548 310.00 0.992
Physical QoL 130472 (6.78) 107.77% (6.97) 5470 0.020* 32.76 26.24 326.00 0.134
Psychological QOL 135397 (6.80) 108.70% (7.09) 7.388 0.007* 32.08 27.84 37250 0.338
Social relationship 62.35% (4.80) 53.59%¢ (4.82) 1.659 0.199 3333 2567 309.50 0.081
Environment 128.04° (6.92) 111.72% (6.96) 2.765 0.097 58.24(17.12) 50.76 (15.94) 1722 0.091
Overall QOL 7.68% (0.46) 6.48°(0.47) 3.301 0.070 53.23(9.62) 49,90 (8.23) 1429  0.158

X(SD): mean (standard deviation); BDI: Beck depression inventory; MR(SE): Mean rank (standard error); MWU: Man-Whitney test; t: t-value; Superscripts—a: controlled
for baseline difference in ART adherence; b: controlled for baseline differences in SPO2, c: controlled for baseline differences in pulse rate; d: controlled for baseline
differences in diastolic blood pressure; e: controlled for baseline differences in social relationship QoL; f: controlled for baseline differences in overall QoL

*: significant at alpha = 0.05

Our data is consistent with O’Brien et al. [52], who also
reported that physical activity significantly improved
maximum oxygen amongst PLWHIV who were on ART.
Rehabilitation programs of moderate-intensity exercises
combined with a home programs may improve QoL for
people on ART [53]. The benefits of exercise may not be
instantaneous, and progress will depend on initial fitness
levels. In our study, participants in the exercise group
recorded very high HR, possibly indicating aerobic inca-
pacity among PLWHIV. Earlier studies suggest that vig-
orous exercise and aerobic capacity are often difficult
to execute among PLWHIV because they lack physical
capacity [54-57]. Regardless, the cardiorespiratory path-
way is an important mechanism through which exer-
cise confers neuroprotection to its recipient and hence
improves QoL amongst PLWHIV diagnosed with HAND
[10]. The mechanisms underlying the association of exer-
cise with neurocognitive functioning amongst PLWHIV
may include systemic changes such as improved neuro-
plasticity, neurogenesis, and/or increased cerebral blood
flow, and improved cardiovascular sufficiency [58].
Despite eliminating people with borderline clinical
depression (BDI>17) [59], we observed that partici-
pants in the exercise group had lower depression scores
than participants in the control group. This suggests that
non-clinical depression may respond to aerobic exercise
and plays a modulatory role in improving QoL. O’Neill
and Reid [60] also reported that exercise was associated
with an increase in self-confidence, a sense of well-being
and mental relaxation [61, 62]. Similarly, professionally

supervised exercise training three times per week signifi-
cantly lessened depression in PLWHIV [63]. Our findings
show that depression scores dropped consistently imme-
diately following exercise and during the 3 months rest
from structured physical activity, suggesting that depres-
sion may be an independent modulator of QoL amongst
individuals with HAND, similar to other studies [64, 65].
Therefore, interventions aimed at alleviating depression
symptoms amongst persons with HAND may improve
their QoL.

Although participants in the exercise group had
improved QoL overall, participants in the control
groups also improved their physical and psychological
QoL, suggesting a hidden factor which our study may
not have accounted for. We believe that these improve-
ments may be due to the changes in patients’ medica-
tion. Most of our participants were on first-line ART, and
were switched from Lamivudine Tenofovir Efavirenz to
Lamivudine Tenofovir Dolutegravir at the start of our
trial. These changes were suggested by the revised WHO
guidelines recommending that all people transition from
efavirenz to Dolutegravir as their first-line ART [66]. In
non-pregnant adults, Dolutegravir reduces HIV viral
load to less than 50 copies per mL in 28 days, compared
to 84 days with efavirenz [67].

Our outcomes may be limited by post-randomisa-
tion exclusion, which may have compromised the goal
of randomisation, nonetheless, the intention-to-treat
analysis was used to retain the benefit of randomisa-
tion. A compliance rate of less than 75% is frequently
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considered suboptimal, and hence our lower compliance
rate constitutes a study limitation. To increase adher-
ence to the intervention, we offered basic incentives such
as transport refund and water, and referred participants
to treatment centres closer to their homes. Other stud-
ies have demonstrated that PLWHIV are frequently lost
to follow-up with reduced treatment adherence, even
more so as treatment outcomes such as QoL improve
[68, 69]. It is possible that a similar scenario contributed
to the rate of non-adherence observed in our study. The
imperfect binding of the outcome assessors may also be
a limitation.

Conclusions

Aerobic exercise achieves short-term improvement in
QoL amongst individuals with HAND and may form an
integral part in the management of PLWHYV with HAND.
Depression, virologic suppression and cardiovascular fit-
ness all exert modulatory influence on the interaction
between aerobic exercise and QoL amongst individu-
als with HAND receiving ART. Physician and physical
activity practitioners may leverage on cost effective long-
term moderate intensity aerobic exercise in redressing
impaired QoL associated with HAND.

Protocol

The trial has been accepted for publication in the Journal
of Medical Internet Research and it is currently in-press.
I have attached a copyedited version of the protocol as a
supplementary file not for publication (Additional file 2).
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