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A B S T R A C T

Background: People living with HIV/AIDS (PLWHA) often experience psychological stress associated with dis-
ease management. This meta-analysis examines the benefits of yoga interventions on psychological distress
among PLWHA.
Methods: Included were studies that (a) evaluated a yoga intervention in PLWHA; (b) provided between-group or
within-group changes; and (c) assessed a psychological, physiological, or biomedical outcome.
Results: Seven studies sampling 396 PLWHA (M age= 42 years, SD=5 years; 40% women) met inclusion
criteria. PLWHA who received yoga interventions reported significant improvements in perceived stress (d
+= 0.80, 95% Confidence Interval [CI] = 0.53, 1.07), positive affect (d += 0.73, 95% CI = 0.49, 0.98), and
anxiety (d+ = 0.71, 95% CI = 0.27, 1.14) compared to controls.
Conclusion: Yoga is a promising intervention for stress management. However, the literature is limited by the
small number of studies. Randomized controlled trials with objective measures of HIV-related outcomes are
needed to further evaluate the benefits of yoga.

1. Introduction

People living with HIV/AIDS (PLWHA) experience high rates of
psychological stress due to the demands of living with a complex and
highly stigmatized health condition. Estimates of depression range as
high as 42% among PLWHA, which amounts to a two- to four-times
greater prevalence compared to non-HIV samples [1]. Chronic stress
and depressive symptoms have been found to negatively impact im-
mune function, which may accelerate HIV disease progression [2,3].
Further, depression and anxiety negatively impact quality of life (QOL)
and contribute to poor medication adherence among PLWHA [4]. Given
the medication chronicity and stigma associated with HIV, it is not
surprising that prevalence rates of stress, anxiety, and depression are
elevated among PLWHA. In addition to mental health comorbidities,
PLWHA are at increased risk of experiencing sleep disturbances and
chronic pain. Recent meta-analyses show that sleep problems occur in
approximately 58% of participants [5], while the prevalence of chronic

pain ranges from 55 to 67% across studies [6]. Given the interest in
non-pharmacological treatment options for mental and behavioral
health concerns, it is important to understand the evidence-base for
extant non-pharmacological interventions.

Several psychological and behavioral interventions have been found
to be effective in improving distress and other health outcomes among
PLWHA. For instance, cognitive behavioral therapy has been shown to
reduce depressive symptoms and improve antiretroviral medication
adherence [7]. Mindfulness-based interventions are also effective at
reducing distress and improving psychological well-being [8,9]. Fur-
thermore, meta-analytic reviews of stress-management interventions
among PLWHA found improvements in several psychological domains
(e.g., depression, anxiety, distress), fatigue, and overall QOL [10]. The
authors of the meta-analysis reported effects from various interven-
tions, including relaxation techniques, aerobic exercise, massage, and
tai chi.

The practice of yoga is becoming increasingly popular in integrative
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healthcare and an emerging literature supports its use as a com-
plementary therapy. Yoga is an ancient mind-body practice that in-
volves physical movement or postures, breathing techniques, and
meditation [11,12]. The most common forms of yoga practice are Hatha
yoga, Iyengar yoga, and Sudarshan Kriya. Hatha yoga typically focuses
on postures and physical movements, though most Hatha yoga practices
in western culture also include breathing and meditation [13]. Iyengar
yoga, a variant of Hatha, is largely comprised of specific postures with
precise alignment, as well as breathing techniques [14,15] and usually
includes the use of props to ease practice for participants with varying
levels of yoga training or physical abilities. Iyengar yoga has been
found to improve pain-related outcomes [16,17] and mood-related
factors, including depression, anxiety, and anger [18]. Sudarshan Kriya
yoga (SKY) is a form of breathing yoga, and incorporates several
breathing techniques [19]. SKY has been found to reduce symptoms of
distress, depression, anxiety, and insomnia, in addition to improving
overall well-being [20,21]. A recent review of randomized controlled
trials comparing yoga interventions to non-yoga control conditions
concluded that yoga improves mental health outcomes regardless of the
yoga style or form used [22], though the authors note that the medi-
tative component of yoga appears to be particularly beneficial for
psychological wellbeing.

Although yoga is increasingly used in clinical populations, there is
limited information on the impact of yoga among PLWHA. Mind-body
approaches (i.e., yoga) appear to be of particular interest among
PLWHA [23], yet their potential benefits in this population remain
understudied. Previous reviews and meta-analyses examining the ben-
efits of yoga have largely failed to include studies of PLWHA. To ad-
dress this gap in the literature, the present systematic review and meta-
analysis examined the emerging body of research that assesses the ef-
ficacy of yoga as an intervention for PLWHA. Specifically, we aimed to
determine whether yoga interventions would improve outcomes related
to stress processes, psychological and behavioral health, overall quality
of life, and biomarkers of HIV disease progression. Our aim was also to
assess the potential benefits of yoga among this specific HIV population
and summarize the findings to guide future scientific inquiry.

2. Methods

We followed the guidelines of the Preferred Reporting Items for
systematic reviews and meta-analyses (PRISMA) [24]. The PRISMA
checklist is included in the supplement (See Electronic Supplementary
Materials 1 for the PRISMA Checklist).

2.1. Eligibility criteria

Studies were included if the study (a) evaluated a yoga intervention
among PLWHA; (b) included a control condition; (c) assessed psycho-
logical stress, physiological markers of stress, or biomarkers of disease
progression; and (d) provided statistics needed to calculate effect sizes.
Studies that (a) sampled children or adolescents (M age<18 years); (b)
did not provide sufficient data to calculate effect sizes; or (c) sampled
individuals not living with HIV (or reported results in a way that did not
allow us to separate outcomes based on HIV status) were excluded.

2.2. Information sources and search strategy

Studies were identified using a comprehensive search strategy that
included: (a) electronic bibliographic databases (i.e., PubMed,
PsycINFO, Embase, ProQuest Dissertations and Theses Full Text,
CINAHL, ERIC, Global Health, SocIndex, Cochrane Library, Web of
Science: Social Sciences Citation Index and Science Citation Index), (b)
reference sections of relevant manuscripts, (c) tables of contents of
scientific journals (e.g., Health Psychology, Journal of the American
Medical Association), and (d) databases ongoing or completed research
(i.e., NIH RePORTer, ClinicalTrials.gov). Broad search terms included

“yoga” and “HIV.” The search string used a Boolean search strategy and
included: (“yoga” OR “yogasan” OR “yogic” OR “asana” OR “pra-
nayama” OR “dhyana” OR “vinyasa” OR “viniyog”) AND (“HIV” OR
“AIDS” OR “PLWH” OR “PLWA” OR “people living with HIV” OR
“people living with HIV/AIDS” OR “people living with AIDS” OR “HIV-
positive” OR “HIV+” OR “seropositive”). The electronic bibliographic
database searches were modified (as necessary) for each database (e.g.,
removing the medical subject headings [MeSH] designations, elim-
inating wildcards [*]). Electronic bibliographic database searches were
conducted in July 2017. To ensure no new relevant studies were missed
during the process of conducting the current meta-analysis, the overall
database from the parent project was reviewed in January 2018. No
new records were identified for consideration, thus the current meta-
analysis is considered inclusive of all available studies (published or
unpublished) through December 2017.

2.3. Study selection

First, duplicate records were removed. Titles and abstracts were
reviewed by two coders to determine initial eligibility for inclusion.
Records unrelated to population (PLWHA) and/or interventions of in-
terest for this review (yoga) were removed. Review articles and meta-
analyses were also excluded. The full texts of the remaining records
were retrieved and reviewed for eligibility by two study authors. Full
text records were removed based on current study inclusion and ex-
clusion criteria. Remaining records were retained for inclusion in this
review and meta-analysis.

2.4. Data collection and reliability

Four independent coders were involved in the extraction of study
content and data. Each record was coded by two of the four in-
dependent coders, which included extraction of study design, sample,
and intervention information using standardized coding forms. The
methodological quality (MQ) of the studies was assessed by two in-
dependent coders using 17 items from validated measures [25–28].
Discrepancies were reviewed, discussed, and resolved by the coders or
by the principal investigator if coders could not reach consensus. For
categorical variables, coders agreed on 94% of the judgments (mean
Cohen's κ=0.79, range=−0.20 to 1.00). Reliability for continuous
variables (e.g., mean age, proportion women) yielded an intra-class
correlation (ICC) coefficient (ρ) of 0.97 across categories
(median= 1.00). Data were also extracted by two independent coders
to calculate effect sizes. Discrepancies were resolved by discussion prior
to data entry and analyses.

2.5. Outcome domains

Primary outcome variables available for this review included stress
processes, psychological health, physiological markers of stress, and
biomarkers of disease progression.

2.6. Summary measures

The effect sizes (ES) assessed between- and within-group differences
in psychological stress, physiological markers of stress, and biomarkers
of disease progression. The first post-intervention assessment was used
because most of the studies did not include follow-up assessments. ES
were calculated as the mean differences between the yoga intervention
and controls (between-subjects) or pre-test and post-test (within-sub-
jects) divided by the pre-test standard deviations [29,30]. Other sta-
tistics (e.g., F-tests) were used to calculate ES when means and standard
deviations were not available [31]. All ES were corrected for sample
size bias [32]. Positive ES indicate improvements in each outcome for
participants in the yoga intervention compared to the control group
(between-subjects), or improvements observed over time (within-
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subjects). ES were calculated by two independent coders; differences
were reconciled through discussion and finalized.

2.7. Synthesis of results

Data analyses were conducted using Stata/SE 12.1 [33]. Random-
effects assumptions were used to calculate weighted mean ES (d+). The
95% confidence interval indicates the degree of precision. The hy-
pothesis of homogeneity was assessed by calculating the Q statistic and
I [2] index [34,35]. Due to the limited number of studies examining
yoga interventions among PLWHA, we were unable to assess publica-
tion bias which requires ≥10 effect sizes for a given outcome [36].

3. Results

3.1. Study selection

Our search yielded 208 unique records after removing duplicates.
Reference sections of review articles or commentaries were reviewed to
ensure all available studies were found. Eight studies meet initial in-
clusion criteria but one study was excluded because it did not include a
control condition, but instead used three active conditions (i.e., three
yoga interventions [37]). Seven records remained (Fig. 1), including six
full text manuscripts [38–43] and one published conference abstract
[44]. One supplemental manuscript provided additional details for one
of the primary studies [45].

Nine clinical trials were identified through ClinicalTrials.gov,
though none of these had published results as of December 2017. Four
clinical trials had recently completed recruitment (NCT00627380;
NCT00090506; NCT01073423; NCT02492893); two were still re-
cruiting (NCT02936310; NCT02626949); two were not yet recruiting
participants (NCT02932384; NCT03071562); and one trial was enrol-
ling participants by invitation only (NCT02624193). One trial
(NCT02492893) previously identified as meeting inclusion criteria was
published August 2018 and was included in our final analyses [46].

3.2. Study characteristics

Studies (summarized in Table 1) were published between 2006 and
2018 (M=2013, SD=4.1), with data collection occurring an average
of 3 years prior to publication. Four studies were conducted in North
America and three in India. Participants were recruited from medical
centers, HIV-specific service organization and outpatient clinics, and
through the AIDS clinical trials network. All studies randomized par-
ticipants to yoga or a treatment as usual (TAU) control group.

3.3. Sample characteristics

A total of 396 participants consented to participate in the studies.
Due to participants being lost to follow-up in studies not reporting in-
tent-to-treat analyses, the final analyses included 369 PLWHA (M
age= 42 years, SD=5 years; 40% women). Participants were

Fig. 1. Screening and selection procedure.
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diagnosed with HIV and/or AIDS, with an average length of time since
initial diagnosis of 13 years (range=11–14 years). In the four studies
reporting the use of antiretroviral therapy (ARTs), nearly 47% of par-
ticipants were currently prescribed ART. A single study described pa-
tients’ mental health status in which 32% of participants reported
symptoms of depression and 46% reported symptoms of anxiety [43].

3.4. Intervention characteristics

Intervention details are provided in Table 1. Yoga styles included
Hatha, Sudarshan Kriya, Iyengar, Asthanga Vinyasa, and integrative
practices. The most common intervention components were Pranayama
(breathing exercises), Asanas (postures), and Dhyana (meditation)
practices. Three interventions included additional components (e.g.,
social support, spiritual chant) to supplement the yoga program. Three
interventions encouraged home practice of yoga. On average, the
number of yoga session offered was 35 (SD=27), with a duration
ranging from 60 to 90min per session (M=66, SD=13). Based on the
studies providing data to estimate intervention dose (k=5), partici-
pant engagement in yoga practice ranged from 16 to 91 h (M=40,
SD=31).

3.5. Methodological quality

Methodological quality (MQ) was reviewed using a comprehensive
17-item assessment (Table 2). MQ scores ranged from 13 to 18
(M=16, SD=2), with the highest possible score of 25. All seven
studies described objectives and hypotheses. Only one study described
their sample as representative of the population from which they were
recruited. All participants were randomized to yoga or a control con-
dition. Blinding was not used due to the nature of the intervention.

3.6. Synthesis of results

Table 3 displays between-group effect sizes and forest plots for each
outcome.

3.6.1. Stress processes
Three interventions examined perceived stress using the Perceived

Stress Scale (PSS) [47] to examine the effect of yoga on perceived stress.
This 14-item measure uses a five-point Likert-type scale (never to very
often) to assess the frequency of stressful situations. Compared to con-
trol conditions, PLWHA who received a yoga intervention reported a
significantly greater reduction in perceived stress, d+ = 0.57, 95%
CI = 0.10, 1.04. The null hypothesis of homogeneity was supported,
though the uncertainly limits were wide, Q [1]= 4.57, p= .10; I
[2]= 56, 95% uncertainty limits= 0, 88.

Positive affect was assessed in two studies using the Positive and
Negative Affect Scale (PANAS) [48] and a subscale of the Mental Health
Inventory (MHI) [49]. Positive affect refers to the subjective feeling of
elevated mood states, such as enthusiasm and happiness; conversely,
negative affect indicates a dimension of subjective distress, which
would include mood states related to sadness and anger [48]. The
PANAS includes two 10-item scales and a six-point response scale to
assess past month feelings; it is among the most commonly used mea-
sures of affect. Compared to controls, PLWHA who received a yoga
intervention showed improvements in positive affect, d+= 0.73, 95%
CI = 0.49, 0.98. The null hypothesis of homogeneity was supported,
though the uncertainly limits were wide, Q [1]= 0.03, p= .85; I
[2]= 0.00, 95% uncertainty limits= 0, 99.

3.6.2. Psychological outcomes
Anxiety or depression were most frequently assessed using one of

three measures: (a) the Hospital Anxiety and Depression Scale (HADS)
[50], a commonly used and valid measure to assess symptom severity in
clinical populations, (b) the anxiety and depression subscales of the
MHI [49], and (c) self-reported rating scale from 0 (not experiencing
anxiety) to 10 (highest level of anxiety) [39]. The World Health Or-
ganization Quality of Life Scale for HIV populations (WHOQOL-HIV
BREF), which assess various domains including physical health, in-
dependence, psychological health, social support, environmental, and
spiritual, were used to assess QOL [51,52]. The short form QOL mea-
sure from the Medical Outcome Study was also used by studies in this
meta-analysis to assess QOL (MOS-HIV SF-36) and has been tailored for
HIV populations [53].

Compared to control conditions, PLWHA who received a yoga in-
tervention (k=2) reported greater reductions in symptoms of anxiety,
d+ = 0.71, 95% CI = 0.27, 1.14. The hypothesis of homogeneity was

Table 2
Methodological quality (MQ) of the 7 studies included in the meta-analysis.

MQ Item Agarwal (2015) Brazier (2006) Cade (2010) Mawar (2015) Naoroibam (2016) Rao
(2012)

Wimberly (2018)

1. Aim/Hypothesis clearly defined 1 1 1 1 1 1 1
2. Participant characteristics clearly described 1 0 1 1 1 0 1
3. Sample representative of recruitment population 1 0 0 0 0 0 0
4. Type of random assignmenta 4 4 3 4 4 4 4
5. Adequacy of control groupb 2 2 3 2 2 1 2
6. Attempt to blind participants 0 0 0 0 0 0 0
7. Quality control of treatment 1 1 1 1 1 0 1
8. Compliance with intervention 1 0 1 1 0 0 1
9. Outcomes clearly described 1 1 1 1 1 1 1
10. Validity and reliability of outcome measures 1 1 1 1 1 1 1
11. Use of objective outcomes 1 0 1 1 1 1 0
12. Attempt to blind researchers 0 0 0 0 0 0 0
13. Follow-up lengthc 0 1 0 0 0 0 0
14. Described participants lost to follow-up 0 0 1 1 1 0 1
15. Retention rated 0 2 1 1 2 1 2
16. Appropriate statistical analysese 2 2 2 2 2 2 2
17. Missing data reported and considered 0 0 0 1 1 1 1

Total MQ Score 16 15 17 18 18 13 18

Note: Except where denoted and described below, scores are binary (0=No/not reported, 1=Yes).
a 0=None, 1=Quasi-experimental, 2=Randomized groups, 3=Matched, then randomized, 4= True randomization.
b 0=No control group, 1=Did not determine group equivalency, 2=Compared for equivalence, 3=Matched for equivalency.
c 0=≤3 months, 1=3–5 months, 2=≥6 months.
d 0 =<70% retention, 1= 70–84% retention, 2=85–100% retention.
e 0= Inadequate, 1=Appropriate, did not control for relevant variables, 2=Appropriate, controlled for relevant variables.
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supported, though the uncertainly limits were wide, Q [1]= 0.12,
p= .73; I [2]= 0.00, 95% uncertainty limits= 0, 99. Yoga interven-
tions (k=2) did not reduce depressive symptoms for PLWHA, d
+= 0.33, 95% CI =−0.10, 0.76, nor improve QOL, d+= 0.23, 95%
CI = −0.10, 0.55, when compared to control conditions.

3.6.3. Biological outcomes
CD4+ count (k=3) and plasma viral load (k=1) were assessed

through blood collection. CD4+ cell levels are biological measures of
the severity of HIV disease, such that lower CD4+ values indicate
greater disease progression. Yoga interventions did not improve CD4+

counts among PLWHA when compared to control conditions, d
+ = 0.05, 95% CI = −0.31, 0.42. Unfortunately, only a single study
measured plasma viral load, prohibiting inclusion in the meta-analyses
[41].

3.6.4. Physiological markers
The current meta-analysis also sought to assess effects of yoga on

physiological markers of stress, such as blood pressure, heart rate, and
cortisol for PLWHA. Among included studies, one study (k=1) as-
sessed blood pressure [41], while one additional study measured sali-
vary cortisol (k=1) [38]. As no physiological marker of stress was
assessed by two or more studies, effect sizes were not able to be cal-
culated in this meta-analysis.

3.6.5. Within-group comparisons
Anxiety was the most commonly reported outcome for within-group

comparison, with three yoga interventions assessing this domain.
Participants in the yoga interventions were found to have reduced an-
xiety immediately post-intervention when compared to baseline as-
sessment, d+ = 0.48, 95% CI = 0.11, 0.85, k=3. Depressive symp-
toms were also significantly reduced from baseline scores following
yoga interventions, d+ = 0.48, 95% CI = 0.23, 0.73; k=3.
Participants in yoga intervention conditions also reported improved
QOL at follow-up compared to baseline assessments, d+ = 0.27, 95%
CI = 0.02, 0.53; k=4. No significant changes were observed following
yoga interventions for CD4+ counts, positive or negative affect, or
perceived stress. No within-group changes were observed among con-
trol conditions, as controls did not experience significant changes from
baseline on assessed outcomes.

4. Discussion

The present review and meta-analysis examined the evidence for the
use of yoga as an intervention for individuals living with HIV. Yoga has
been previously studied as a complimentary treatment method with
benefits for several health conditions, including psychological stress
[20], chronic pain [16], and cardiovascular risk reduction [54]. How-
ever, fewer studies have examined the use of yoga intervention in the
context of HIV. In fact, our search yielded only seven empirical studies
that delivered a yoga intervention program and compared outcomes to
a control group to determine efficacy.

The results of this meta-analysis provide initial support use of yoga
intervention for PLWHA, particularly with regards to stress and psy-
chological outcomes. PLWHA who participated in a yoga program
showed improved positive affect, reduced perceived stress, and fewer
anxiety symptoms. Improvements in positive affect are particularly
important because such improvements have been found to be protective
against stress and depression [48,55]. Further, positive affect is linked
to physical health, as it increases engagement in healthy behaviors,
including physical activity and social behaviors, and results in im-
proved sleep [55]. Stress is also associated with physical health, in-
cluding poorer immune function and accelerated disease progression
for individuals living with HIV [56].

Yoga may be particularly useful for persons living with HIV given
the findings related to reduced anxiety. Prior studies have found that

anxiety is associated with poor antiretroviral medication adherence
[57]. The current study found within-group effects which suggest that
yoga participants were found to have reduced depression and improved
QOL immediately following yoga programs when compared to baseline.
In contrast, within-group effects for controls did not reveal improve-
ments on any outcome post-intervention. The unique within-subject
improvements for yoga groups in depression and QOL provide initial
evidence that yoga may improve these additional outcomes, though
future between-group designs are needed. It may be possible that longer
follow-up may have resulted in detectable between group effects for
depressive symptoms and QOL. This explanation is particularly relevant
for QOL, which may require sustained changes in mood and affect prior
to changes in more global factors.

The meta-analysis did not find a significant effect of yoga on mar-
kers of disease progression (i.e., CD4+), which may be explained, at
least in part, by the short duration of follow-up. If yoga improves stress
and psychological symptoms, PLWHA may become more apt to engage
in health promoting behaviors, including medication adherence, nu-
tritious diet, and physical activity. Furthermore, only a few studies
assessed effects of yoga on physiological markers of stress (e.g., salivary
cortisol), which did not permit inclusion in the current meta-analysis.
Additional studies with longer-term follow-ups (e.g., 12-month) of
biological and physiological markers are needed.

This meta-analysis has several limitations, of which the most im-
portant is the limited number of studies evaluating a yoga program
among PLWHA. This limitation is further compounded by the lack of
homogeneity in the outcomes reported across studies. As a result, sev-
eral between-group effect size calculations were limited to two studies.
We are also limited by the lack of objective measurement of HIV-related
outcomes. Our ability to detect more consistent changes in stress pro-
cesses and biological factors may have been hampered by the lack of
studies reporting these outcomes. Further, the included studies were
largely pilot trials with small sample sizes, thus may have been un-
derpowered to detect significant between-group changes. This meta-
analysis is also limited by focusing on a single post-intervention as-
sessment. Due to the small number of studies using multiple follow-up
time points, we were unable to assess the longitudinal impact of yoga.
Lastly, control conditions were assessment only or treatment as usual,
which limits the ability to control for the time and attention provided to
participants in the active treatment groups. Nonetheless, these studies
provide promising initial evidence to suggest the feasibility of yoga
programs for PLWHA.

5. Conclusion

Based on the current review and meta-analysis, we tentatively
conclude that yoga can have beneficial effects on stress and psycholo-
gical outcomes for PLWHA. However, additional research is needed
using rigorous methodology. Future studies should utilize a randomized
controlled design with an attention control. To the extent possible,
participants (and assessors) should be blinded to the research hy-
potheses and outcomes of interest. Assessors should also be blinded to
the assigned condition of participants. One option would be to use
technology-assisted assessment methods, such as computer- or tablet-
administered assessments, to reduce potential bias associated with as-
sessors knowing the intervention condition of participants. Future stu-
dies should use validated measures of perceived stress, affective states,
depression, anxiety, and QOL, and should continue to collect objective
data (e.g., CD4+), when resources permit, to detect changes in immune
function and viral load. Longitudinal designs assessing 12- or 18-month
post-intervention may be required to detect changes in immune func-
tion and to provide evidence of sustained coping and psychological
benefits. Consistent with other intervention research, “booster” or
“refresher” sessions may be necessary to promote enduring treatment
benefit.

In sum, the available evidence from the literature suggests that yoga
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is feasible and efficacious for improving psychological outcomes among
PLWHA and is a promising complementary medicine approach for
PLWHA. This review and meta-analysis highlights these findings and
recommendations for future research on yoga for PLWHA.
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