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Abstract

Background: Yoga has been recommended as a muscle strengthening and balance activity in national and global physical
activity guidelines. However, the evidence base establishing the effectiveness of yoga in improving physical function and
health related quality of life (HRQoL) in an older adult population not recruited on the basis of any specific disease or
condition, has not been systematically reviewed. The objective of this study was to synthesise existing evidence on the
effects of yoga on physical function and HRQoL in older adults not characterised by any specific clinical condition.

Methods: The following databases were systematically searched in September 2017: MEDLINE, Psycinfo, CINAHL Plus,
Scopus, Web of Science, Cochrane Library, EMBASE, SPORTDiscus, AMED and ProQuest Dissertations & Theses Global. Study
inclusion criteria: Older adult participants with mean age of 60 years and above, not recruited on the basis of any specific
disease or condition; yoga intervention compared with inactive controls (example: wait-list control, education booklets) or
active controls (example: walking, chair aerobics); physical function and HRQol outcomes; and randomised/cluster
randomised controlled trials published in English. A vote counting analysis and meta-analysis with standardised effect sizes
(Hedges' g) computed using random effects models were conducted.

Results: A total of 27 records from 22 RCTs were included (17 RCTs assessed physical function and 20 assessed HRQol). The
meta-analysis revealed significant effects (5% level of significance) favouring the yoga group for the following physical
function outcomes compared with inactive controls: balance (effect size (ES) = 0.7), lower body flexibility (ES = 0.5), lower
limb strength (ES = 045); compared with active controls: lower limb strength (ES = 049), lower body flexibility (ES = 0.28). For
HRQolL, significant effects favouring yoga were found compared to inactive controls for: depression (ES = 0.64), perceived
mental health (ES = 06), perceived physical health (ES=061), sleep quality (ES =065), and vitality (ES = 0.31); compared to
active controls: depression (ES = 0.54).
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strength, balance and flexibility, as well as mental wellbeing.

Conclusion: This review is the first to compare the effects of yoga with active and inactive controls in older adults not
characterised by a specific clinical condition. Results indicate that yoga interventions improve multiple physical function and
HRQol outcomes in this population compared to both control conditions. This study provides robust evidence for
promoting yoga in physical activity guidelines for older adults as a multimodal activity that improves aspects of fitness like

Trial registration: PROSPERO registration number: CRD42016038052.
Keywords: Physical activity, Strength, Balance, Flexibility, Wellbeing, Depression, Sleep, Vitality

Background

The World Health Organization’s physical activity (PA)
recommendations for older adults (aged 65 years and
over) include aerobic, muscle strengthening and balance
components [1]. Physical activity levels worldwide de-
crease with age [2], and the percentage of older adults
meeting these recommendations remains low. The
United Kingdom (UK) PA guidelines for this age group
include the accumulation of at least 150 min of moder-
ate intensity activity or 75 min of vigorous activity per
week (MVPA guidelines), as well as activities to improve
muscle strength, and balance and coordination on at
least two days a week [3]. Thirty-one percent of adults
aged 65—74 years and 54% of adults aged 75+ years in
England (2015-2016) [4], and 53% of men and 66% of
women aged 65 years and over in Scotland (2012-2014)
[5], did not meet the MVPA guidelines. The balance
guidelines were met by 19% of older men and 12% of
older women in Scotland [6]; and only 14% of men and
12% of women in the 65-74 age-group, and 9 % of men
and 4 % of women over 75years met the muscle
strength guidelines [6]. Accordingly, the World Health
Organization identifies older adults as a strategic priority
area for the promotion of physical activity [7].

Yoga is an ancient practice and a way of life that origi-
nated in India, and includes the practice of postures,
regulated breathing and meditation [8]. It is a mode of
activity found to have multiple benefits for older adults
[9-11]. Previous systematic reviews have provided evi-
dence on the beneficial effects of yoga in older adults in
terms of promoting cardiovascular health [12], balance
and mobility [10], alleviating depression and improv-
ing quality of sleep [9]. A recent systematic review and
meta-analysis by Tulloch et al. [13] found that yoga had
a medium effect on health related quality of life
(HRQoL), and a small effect on mental wellbeing in
people aged 60+ years. In this review, HRQoL was mea-
sured by physical component summary scales, and men-
tal wellbeing was assessed by mental component
summary scales from questionnaires like SF-36 and
WHOQOL. However, HRQoL has been described as a
concept encompassing several aspects of overall quality
of life that can be clearly shown to affect health [14],

including anxiety, stress, depression, vitality, social
health and sleep [15], which were not assessed in the
review.

Physical function is another relevant outcome for the
older adult population and includes aspects such as
cardio-respiratory fitness, muscular strength, flexibility
and balance [16, 17]. Benefits of performing muscle
strength activities in older adults include the offsetting
of age-related muscle loss (sarcopenia), enhanced func-
tional performance, improved bone mineral density
(BMD), and prevention of falls [18, 19]. Whilst yoga has
been specifically recommended as a muscle strengthen-
ing activity as part of several national PA guidelines in-
cluding the UK and United States (US) [20, 21], there
have been no previous attempts to synthesise the evi-
dence base to support this recommendation for the
older adult population. Patel et al. [11] studied the ef-
fects of yoga on some physical function and HRQoL out-
comes in older adults from randomised controlled trials
(RCT) published between 1950 and 2010. Results of the
meta-analysis showed that yoga may be significantly bet-
ter than controls in improving self-rated health status
and aerobic fitness, but no significant differences were
found for depression. However, the narrative and quanti-
tative analysis in the Patel et al. review [11] combined
data in which yoga was compared with active (example:
walking, Tai chi, stretching exercises) and inactive con-
trols (example: usual care, socialisation, education
group), making it difficult to draw conclusions on
whether any true effects (statistically significant) of yoga
compared to other exercise programmes exist, and the
strength (magnitude) of these effects.

Tulloch et al. [13] and Patel et al. [11] included studies
involving older participants with clinical conditions.
Other systematic reviews have focused on yoga in spe-
cific clinical groups such as cancer [22], Type 2 Diabetes
[23, 24] and rheumatic diseases [25], and found some
evidence that yoga has beneficial effects on physiological,
physical function and psychosocial outcomes in these
populations. Results from studies which only recruited
participants with specific diseases or conditions cannot
be generalised to all older adults. The yoga interventions
used in studies involving clinical populations may have
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been specially developed to address particular symptoms
(example: dyspnea related distress in older adults with
chronic obstructive pulmonary disease [26]). It is also
difficult to disentangle the effects of yoga when data
from heterogeneous groups with different clinical condi-
tions are merged in a review.

Therefore, the present systematic review aims to ad-
dress limitations in previous reviews and expand on
existing evidence in three ways: i) including a compre-
hensive list of physical function and HRQoL outcome
measures; ii) comparing yoga against distinct active and
inactive controls so that the relative benefits of yoga can
be assessed; and iii) reviewing the effectiveness of yoga
in studies where older adult participants were not re-
cruited on the basis of a specific disease or condition.
The objective of this review was to assess the effective-
ness of yoga compared to active and inactive controls on
physical function and HRQoL in older adults not charac-
terised by a specific clinical condition, based on rando-
mised/cluster randomised controlled trials.

Methods

The review was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [27], and recommendations of the
Cochrane collaboration [28]. The protocol was developed
in advance of the study and registered on PROSPERO
(Registration number: CRD42016038052).

Search and selection criteria

The inclusion and exclusion criteria for studies were as
follows: (i) Participants: older adults defined as mean
age 60 years and above, not recruited on the basis of a
specific disease or condition were included; (ii) Interven-
tion and comparison: studies comparing yoga interven-
tions with active and inactive controls were included.
Studies in which yoga was specified as a control condi-
tion or where yoga was combined with other practices
or exercise forms were excluded; (iii) Outcomes: only
studies reporting physical function and/or HRQoL out-
comes were included; (iv) Study type: studies with a ran-
domised (including cluster randomised) controlled study
design published in English were included.

A mean age of 60 years and above was a criterion for
inclusion. The retirement age in countries like India and
China is 60 years [29, 30], and the United Nations de-
fines older persons as those aged 60 years or over [31].
To accommodate these definitions of old age, the age
criterion for inclusion in this review was set as a mean
of 60+ years. Another criterion was the inclusion of par-
ticipants who were not recruited based on a disease or
condition, and this meant excluding studies in which
participants were recruited specifically if they had a par-
ticular disease or clinical condition. However, studies
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with frail, inactive older adults, and those with poor bal-
ance were included in the review.

Studies with yoga as a control group were excluded
from the review (n=6) [32-37]. In these studies, the
yoga group was used to control for aspects such as social
stimulation and attention from trainers, without produ-
cing an aerobic response. The reporting for the controls
was not rigorous, and the yoga programmes were not
described in detail. Some studies dated back to 1989,
making it difficult to procure the necessary data for
them.

Search and screening

Database searches were conducted in September 2017.
The following databases were searched (from inception
till September 2017): Medline, PsycInfo, CINAHL Plus,
Scopus, Web of Science, Cochrane Library, Embase,
SPORTDiscus, AMED, ProQuest Dissertations & Theses
Global. The search was conducted using key words re-
lated to “yoga” and “older adults”. A detailed list of the
search terms used is presented in the supplementary sec-
tion (Additional file 1). The outcome and study type cri-
teria were applied at the screening stage. The reference
lists of included studies were also checked for additional
relevant studies [38].

Screening was carried out in three stages using refer-
ence management software (EndNote X7.2.1). First, a
preliminary title and abstract screening was performed
by one researcher (DiS) where duplicates and obviously
irrelevant studies were removed. Five percent of the
search results were cross-checked by another researcher
(KL). Second, titles and abstracts of all studies were
screened by two researchers (DiS, KL) with studies cate-
gorised as “Yes” (satisfied eligibility criteria), “No” (did
not satisfy eligibility criteria) and “Maybe” (uncertain,
and need further scrutiny). Finally, full texts of studies in
the “Yes” and “Maybe” categories were screened in fur-
ther detail by two researchers (DiS, KL). Disagreements
were resolved by a third researcher (CF or GB).

Data extraction

A custom data extraction form for descriptive character-
istics (Additional file 2) was developed and piloted by
three researchers (DiS, GB, CF). Descriptive data were
extracted for all included studies by one researcher
(DiS), and 33% of these were cross-checked by another
researcher (GB or KL). Outcome data were extracted by
one researcher (DiS), and 100% cross-checked by an-
other researcher (KL). Discrepancies were resolved
through discussions among the researchers (DiS, KL).
Authors of studies for which outcome data were not
available were contacted and requested to provide the
data, and were asked for clarifications if required. One
study only reported median, minimum and maximum
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values for outcome variables [39]. Means and standard
deviation were imputed from these data [40-42], and
the study was included in the meta-analysis.

Quality assessment

Risk of bias was assessed independently by two re-
searchers (DiS, KL) using the Cochrane risk of bias tool
[43]. The following domains were assessed for physical
function and HRQoL outcomes separately: selection bias
(random sequence generation, allocation concealment),
detection bias (blinding of outcome assessment), attri-
tion bias (incomplete outcome data), reporting bias (se-
lective reporting), and other bias (sample selection bias
[44—47], contamination bias [45, 46], compliance bias
[46] and response bias [48]). Performance bias (blinding
of participants and personnel) was not assessed as it is
impossible to blind participants and personnel in a yoga
intervention study. Under each domain, studies were
classified as low, high or unclear risk of bias. Discrepan-
cies were resolved through discussion between the two
researchers.

Analysis

For the physical function and HRQoL variables, separate
analyses comparing yoga with active and inactive groups
were conducted. Other sub-group analyses such as types
of yoga and gender were not explored. Though different
yoga types have been used in the included studies, there
is similarity between types in terms of the structure and
postures followed and hence, it was not considered ap-
propriate to compare them. Further, the requisite out-
come data were not readily available by gender for a
majority of studies.

Vote-counting

As a preliminary analysis, a ‘vote counting’ approach was
adopted [49], where three categories were created for
each outcome: statistically significant (as reported by au-
thors) positive effects favouring the yoga group, statisti-
cally significant negative effects (i.e, favouring the
control group), and no significant difference between
groups. For every outcome, effects of yoga was based on
the category with the highest number of vote counts.
For example, for strength, if the majority of studies
found significant positive results favouring yoga, then
yoga was considered to have a positive effect [49].
Vote-counting has been critiqued as crude and flawed as
it does not give due weight to sample size and effect size
(ES). However, when used in conjunction with a
meta-analysis, the method can provide a comprehensive
understanding of the studies and outcomes included,
and the effects of the intervention [49]. The
vote-counting approach helped create a catalogue of all
results from every study included in the systematic
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review, providing a foundational structure based on
which the data for the meta-analysis were generated.
The vote counting analysis included all outcomes
assessed by more than one study, and the included out-
comes are presented in Table 1.

Meta-analysis

For outcomes where quantitative data from three or
more studies were available, a meta-analysis was con-
ducted using the Comprehensive Meta-Analysis Version
3, Professional software. The outcomes included in the
meta-analysis are presented in Table 1. Some studies
used more than one test or instrument to measure an
outcome. Since only one of these could be included in
the meta-analysis, the test most commonly reported by
the included studies was chosen. For balance, only func-
tional assessments [50] such as one leg stand test, Berg
balance scale, standing balance tests from the Short
Physical Performance Battery, and Performance Ori-
ented Mobility Assessment (POMA) were included in
the meta-analysis. Objective measures like static and dy-
namic posturography [50] were not included due to the
lack of a composite index and difficulties in interpreting
the data. A random effects model was used as it better
models data from heterogeneous populations [51]. Data
at pre-intervention and immediately following the inter-
vention were analysed, and effect sizes were calculated
based on change (post minus pre) scores. Since various
different instruments and units were used by studies to
measure outcomes, calculation of mean differences was
not possible, and standardised mean differences (SMD)
were computed instead [51]. Hedges’ g statistic was used
to compute effect sizes, and Forest plots were created
with 95% confidence intervals (CI). Effect sizes were
categorised as small (0.2 to 0.5), moderate (0.5 to 0.8)
and large (> 0.8) using Cohen’s categories [52]. Statistical
heterogeneity between studies was assessed using the I?
statistic. Heterogeneity was categorised as low (I>=0 to
40%), moderate (I =30 to 60%), substantial (I =50 to
90%) and considerable (I? = 75 to 100%) [51].

One study had two yoga intervention groups and one
control group [53]. Both yoga groups were included in
the meta-analysis, each one compared with half the
number of participants in the control group [54]. Four
studies [55—58] had one yoga intervention group and
two control groups. In these cases the result was in-
cluded twice in the meta-analysis with half the number
of participants for the yoga group each time [54]. Fol-
lowing this, two sensitivity analyses were also conducted:
(i) comparing the full yoga intervention arm and the first
control group, and (ii) comparing the full yoga interven-
tion arm and the second control group. Five included
studies [53, 57, 59-61] used cluster randomisation, and
an iteration of the meta-analysis was run after adjusting
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the number of participants in the studies to account for
this (adjusted sample size = original sample size /design
effect, where design effect=1+ (Average cluster size -
1)*Intracluster Correlation Coefficient; calculations pre-
sented in Additional file 3) [54]. Four studies [53, 59—-61]
had the requisite data for cluster randomisation adjust-
ment, and one study [57] was removed from this analysis
due to lack of data. There were insufficient studies (less
than 10) in the meta-analyses to test for publication bias
using funnel plots [62].

Results

7996 records were identified through the data searches,
and after the three stages of screening, 27 records from
22 RCTs (Fig. 1) were included in the systematic review.
Seventeen RCTs with 967 participants assessed physical
function, and 20 RCTs with 1567 participants assessed
HRQoL.

Study and participant characteristics (Table 2)

Ten studies were from the USA [55, 56, 63-70], four
from Australia [39, 71-73], two from Taiwan [53, 59],
two from India [57, 74], and one each from Brazil [75],
Iran [76], UK [77] and Portugal [78]. The number of
participants in studies ranged from 18 to 410, and the
mean size was 77 + 84.
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The mean age of participants in the studies ranged
from 61.0 years to 83.8years. In 15 studies, more than
70% of the participants were female. The attendance
rates for class-based yoga sessions ranged from 67 to
100%, and for active controls it was 62 to 91%. Four
studies reported adverse events in the yoga group (groin
muscle strain [64], fall during yoga session [71], and
musculoskeletal pain [73, 77]). Four studies reported
that there were no adverse events during the course of
the yoga intervention [53, 59, 68, 69].

Intervention characteristics

Eight types of yoga (Table 3) were used in the studies in-
cluding Hatha yoga (4 studies) [67-69, 76], chair yoga (3
studies) [55, 63, 78], Iyengar yoga (3 studies) [39, 64, 73],
Silver Yoga (2 studies) [53, 59], The Easy Does It Yoga
Programme (2 studies) [66, 70], balance vyoga
programme [56], Thai Yoga [72] and the British Wheel
of Yoga (BWY) Gentle Years Yoga programme [77]. Five
studies did not mention the type of yoga programme
conducted [57, 65, 71, 74, 75]. The most common class
structure for the yoga intervention adopted by included
studies was a warm up, followed by the main postures,
and ending with relaxation, breathing and meditation.
Some common postures (used in four or more included
studies) are: Cat and cow pose, Tree position, Triangle

7996 records identified through
database search

y

1296 records retained for Level 2
screening

\ 4

Level 1 screening: 6700 duplicate and
irrelevant records excluded

A 4

95 records retained for full text
screening

Level 2 screening: 1201 records excluded after
text and abstract screening

A 4

27 records from 22 RCTs included in the
systematic review (17 assessing physical
function and 20 assessing HRQoL outcomes)

A 4

24 records included in the meta-analysis (16
assessing physical function and 18 assessing
HRQoL outcomes)

A\ 4

Fig. 1 Flow of studies through the review. Legend: *Studies could have been excluded for more than one reason

Level 3 screening: 68 records excluded after
full text screening. Reasons for exclusion*:
Age: 4; Not RCT: 12; Not yoga: 5;
Participants recruited as they had a specific
disease/condition: 12; Language not English: 1;
Yoga not evaluated as a separate intervention:
2; Other outcome parameters: 7;

Intervention and control were both yoga: 1;
Yoga was the control: 6; Duplicate publication:
8; Conference abstract: 10;
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Table 3 Types of yoga used in included studies

Types of yoga in included studies
(number of studies, total number
of participants)

Description

The types of yoga used in studies are similar in structure and postures,
and their main features are highlighted below.

Hatha yoga (4 studies, 247
participants)

Traditional yoga that includes
combinations of postures,
breathing, and meditation [93].

Chair yoga (3 studies, 165
participants)

This essentially follows a traditional
Hatha yoga format, but is modified
so that chairs are used during
practice to accommodate physical
limitations [63].

lyengar yoga (3 studies, 208
participants)

Created by BKS lyengar; based on
Hatha yoga, but emphasis is on
strength, balance, and use of props.
Usually involves slow movement
and holding poses [93].

Silver Yoga (2 studies, 231
participants)

The programme is based on Hatha
yoga and Raja yoga (type of yoga
that focuses on concentration and
meditative techniques). The
programme includes gentle
stretching postures to increase
range of motion and progressive
muscle relaxation. Special
consideration given for the physical
abilities and tolerance of older
adults [94].

Balance yoga programme (1 study,
39 participants)

This programme is based on a
study by the authors showing
specific muscle utilization patterns
during different flow-based yoga
poses. The programme has three
levels of difficulty, becoming
progressively challenging [56].

The Easy Does It Yoga Programme
(2 studies, 496 participants)

Yoga programme designed for
older adults [66].

Thai Yoga (1 study, 33 participants) Thai Yoga is similar to the Hatha
yoga style. However, it is less
strenuous and incorporates
postures that are less challenging
and easier to perform than those
of Hatha yoga [72].

The British Wheel of Yoga (BWY)
Gentle Years Yoga programme was
developed to cater to the needs of
older people with age-related
conditions (osteoarthritis, hypertension,
dementia, and sensory impairment).
Hatha yoga poses were adapted so
that older adults with comorbidities
and physical limitations could safely
participate [/7].

British Wheel of Yoga (BWY)
Gentle Years Yoga programme
(1 study, 47 participants)

position, Seated twists, Mountain pose, Warrior 1, Cobra,
Chair pose, Eagle or Half eagle, Locust posture, Down-
ward dog, Wind relieving pose, Child’s pose, Standing
hands on feet pose, Cow face pose, and Corpse pose (used
for relaxation). The length of interventions ranged from
four to 28 weeks, the most predominant being 24 weeks (6
studies) [53, 57, 59, 63, 64, 74] followed by 12 weeks (5
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studies) [56, 72, 73, 75, 77], and eight weeks (4 studies)
[39, 67, 68, 76]. The most common frequency of interven-
tion was two sessions per week (9 studies) [39, 56, 65, 67,
69, 71-73, 76], followed by three sessions per week (6
studies) [53, 55, 59, 66, 68, 75]. Eight studies also encour-
aged practicing yoga at home in addition to class based
sessions [39, 64, 69, 70, 72—74, 77]. Duration of classes
ranged from 30 min to 90 min. A 60 min class duration
was reported most frequently (9 studies) [56, 57, 65-67,
69, 73, 74, 76]. One study did not report class duration
[70]. Inactive controls used in the studies were wait-list
control (8 studies) [39, 53, 57, 59, 63, 64, 74, 77], playing
games like Dominoes, Chinese Checkers and Scrabble
[55], fall risk awareness [67], socialisation [65], education
on osteoporosis and fitness [69], fall prevention education
booklet [73], herbal preparation [57], telephone counsel-
ling [72], film series or art class [70], and usual care where
no intervention was provided but participants could con-
tinue to use the facilities provided by the residential care
centre like bingo, story-telling, exercise classes and gym
[71]. Active controls included were Tai Chi (3 studies) [56,
71, 72], chair aerobics/exercise (2 studies) [55, 63], a walk-
ing programme (2 studies) [55, 64], balance training (2
studies) [56, 67], and stretching—strengthening exercises
[68].

Results of vote counting

The vote-counting tables with all results for both phys-
ical function and HRQoL outcomes are presented in the
supplementary section (Additional file 4).

Physical function
For yoga vs inactive controls, the “favouring yoga” cat-
egory received most votes for the following outcomes
(presented as: number of results where yoga had signifi-
cantly positive effects compared with control / total
number of results): cardio-respiratory fitness (2/3), flexi-
bility (17/23, with lower body flexibility (5/7), ROM (10/
13), upper body flexibility (2/3)), and walking speed (3/
5). On no occasion did the inactive controls group re-
ceive more votes than yoga.

While comparing yoga and active controls, the “no sig-
nificant difference” category got the highest number of
votes for all outcomes.

HRQolL

For yoga vs inactive controls, the “favouring yoga” cat-
egory received most votes for the following outcomes:
quality of life (2/3), and sleep quality (3/4). In the yoga
vs active controls analysis, the “favouring yoga” category
did not receive the highest number of votes for any of
the outcomes. The “favouring control” category received
no votes for both yoga vs active and yoga vs inactive
controls for any HRQoL outcomes.
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Meta-analysis

Sixteen studies assessing physical function and 17 asses-
sing HRQoL variables (from 18 records) were included
in the meta-analysis (Table 4). Data used for
meta-analysis are attached as supplementary tables
(Additional file 5).

Physical function

Yoga vs inactive controls Yoga was found to significantly
improve balance (ES (Hedges’ g) =0.7, 95% CI 0.19 to 1.22,
p=001), lower limb strength (ES =045, 95% CI 022 to
0.68, p <0.001), and lower body flexibility (ES = 0.50, 95% CI
0.30 to 0.69, p < 0.001) compared to inactive controls (Fig. 2).
No significant difference between yoga and inactive controls
was found for body composition (ES = 0.16, 95% CI -0.06 to
0.38, p = 0.16), upper body flexibility (ES = 0.28, 95% CI -0.02
to 0.58, p =0.07) or walking speed (ES =0.38, 95% CI -0.02
to 0.78, p = 0.06).

Table 4 Meta-analysis results- effect sizes and heterogeneity
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Yoga vs active controls There was a significant effect
favouring yoga for lower limb strength (ES = 0.49, 95% CI
0.10 to 0.88, p = 0.01) and lower body flexibility (ES = 0.28,
95% CI 0.01 to 0.54, p = 0.04) (Fig. 3). No significant differ-
ence between yoga and active controls was found for bal-
ance (ES=0.32, 95% CI -0.02 to 0.66, p = 0.07), mobility
(ES=0.31,95% CI -0.25 to 0.87, p = 0.28) or walking speed
(ES=-0.29, 95% CI -0.79 to 0.22, p = 0.26).

HRQoL

Yoga vs. inactive controls There was a significant effect
favouring yoga for depression (ES=0.64, 95% CI 0.32 to
0.95, p < 0.001), perceived mental health (ES = 0.60, 95% CI
0.33 to 0.87, p < 0.001), perceived physical health (ES = 0.61,
95% CI 0.29 to 0.94, p<0.001), sleep quality (ES=0.65,
95% CI 0.41 to 0.88, p<0.001), and vitality (ES =0.31,
95% 0.03 CI to 0.59, p=0.03) (Fig. 4). No significant
effect was found for fear of falls (ES=0.39, 95% CI

Outcome No. of Total Effect size Heterogeneity
studies ““”?b_e“ of Hedges' g (95% Cl) P-value 12 P-value
participants

Physical function - Yoga vs inactive controls
Balance 7 265 0.70 (0.19 to 1.22) 0.01 7215 0.001
Body composition 4 314 0.16 (=0.06 to 0.38) 0.16 0.00 091
Lower body flexibility 7 431 0.50 (0.3 to 0.69) <0.001 0.00 0.88
Lower limb strength 7 485 0.45 (0.22 to 0.68) <0.001 32.70 017
Upper body flexibility 4 166 0.28 (—=0.02 to 0.58) 0.07 0.00 0.87
Walking speed 5 377 038 (-0.02 to 0.78) 0.06 7269 0.003

Physical function - Yoga vs active controls
Balance 5 264 0.32 (-0.02 to 0.66) 0.07 34.74 0.18
Lower body flexibility 3 225 0.28 (0.01 to 0.54) 0.04 0.00 0.59
Lower limb strength 3 225 0.49 (0.1 to 0.88) 0.01 4744 0.15
Mobility 3 173 031 (-0.25 to0 0.87) 028 58.73 0.06
Walking speed 3 192 -0.29 (= 0.79 to 0.22) 0.26 5741 0.07

HRQoL - Yoga vs inactive controls
Depression 8 450 0.64 (0.32 to 0.95) <0.001 57.09 0.02
Fear of falls 3 104 0.39 (=045 to 1.24) 0.36 75.64 0.02
Perceived mental health 9 554 0.6 (0.33 to 0.87) <0.001 5487 0.02
Perceived physical health 5 400 0.61 (0.29 to 0.94) <0.001 58.55 0.05
Sleep quality 4 353 0.65 (0.41 to 0.88) <0.001 13.06 033
Social health 3 225 0.27 (-0.15 to 0.69) 0.2 51.76 0.13
Vitality 3 196 0.31 (0.03 to 0.59) 0.03 0.00 0.83

HRQoL - Yoga vs active controls
Anxiety 3 206 043 (-0.03 to 0.88) 0.06 50.03 0.1
Depression 4 215 0.54 (0.25 to 0.83) <0.001 861 0.36
Perceived mental health 3 183 0.26 (-0.03 to 0.55) 0.08 0.00 0381

Cl: Confidence interval; Significant effect sizes (95% Cl) and corresponding p values have been highlighted in bold
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Fig. 2 Effect sizes and 95% confidence intervals for yoga compared to inactive controls on physical function outcomes. Legend: Bal: Balance; M:
Yoga group with meditation; SSY: Short Silver Yoga; BC: Body composition; LFlex: Lower body flexibility; LST: Lower limb strength; UFlex: Upper

Group by Study name Statistics for each study
Outcome Hedges's Lower Upper
g limit limit

Balance Oken (2006)_Bal 0.169 -0.246 0.584
Balance Wang (2010)_Bal 0.279 -0.939 1.498
Balance Nick (2016) _Bal 2.062 1.29% 2.829
Balance Saravanakumar (2014)_Bal 0.823 -0.229 1.875
Balance Tiedemann (2013)_Bal 0.402 -0.139 0.944
Balance Morris (2008)_Bal 1.275 0.126 2.424
Balance Tew (2017)_Bal 0.240 -0.327 0.807
Balance 0.700 0.185 1.215
Body composition Chen (2008) M_BC 0.139 -0.286 0.565
Body composition Chen (2008) SSY_BC 0.228 -0.204 0.660
Body composition Tew (2017)_BC -0.065 -0.631 0.500
Body composition Bezerra (2014)_BC 0.146 -0.493 0.786
Body composition Chen (2010)2_BC 0.302 -0.226 0.831
Body composition 0.161 -0.062 0.384
Lower body flexibility Chen (2010)2_LFlex 0.710 0.168 1.252
Lower body flexibility Oken (2006)_LFlex 0.592 0.168 1.015
Lower body flexibility Marques (2017)_LFlex 0.845 0.036 1.653
Lower body flexibility Noradechanunt (2017)_LFlex 0.446 -0.309 1.200
Lower body flexibility Chen (2008) M_LFlex 0.361 -0.067 0.790
Lower body flexibility Chen (2008) SSY_LFlex 0.446 0.010 0.882
Lower body flexibility Wang (2010)_LFlex -0.004 -0.995 0.986
Lower body flexibility Tew (2017)_LFlex 0.418 -0.154 0.990
Lower body flexibility 0.495 0.302 0.687
Lower limb strength Oken (2006)_LST 0.386 -0.032 0.805
Lower limb strength Chen (2008) M_LST 0.186 -0.239 0.612
Lower limb strength Chen (2008) SSY_LST 0.684 0.241 1.127
Lower limb strength Noradechanunt (2017)_LST 0.987 0.19% 1.779
Lower limb strength Tew (2017)_LST -0.168 -0.734 0.3%9
Lower limb strength Tiedemann (2013)_LST 0.639 0.089 1.189
Lower limb strength Wang (2010)_LST 0.992 -0.09%6 2.079
Lower limb strength Leininger (2006)_LST 0.495 0.060 0.931
Lower limb strength 0.450 0.222 0.678
Upper body flexibility Vogler (2011)_UFlex 0.491 -0.141 1123
Upper body flexibility Chen (2010)2_UFlex 0.240 -0.287 0.767
Upper body flexibility Noradechanunt (2017)_UFlex 0.327 -0.423 1.077
Upper body flexibility Tew (2017)_UFlex 0.131 -0.435 0.697
Upper body flexibility 0.280 -0.021 0.582
Walking speed Chen (20102 WS 0.459 -0.073 0.992
Walking speed Chen (2008) M_WS 0.153 -0.273 0.578
Walking speed Chen (2008) SSY_WS 0.942 0.488 1.395
Walking speed Tiedemann (2013) WS 0.973 0.406 1.541
Walking speed Oken (2006)_ WS 0.040 -0.522 0.603
Walking speed Tew (2017)_ WS -0.310 -0.879 0.259
Walking speed 0.382 -0.018 0.783
body flexibility; WS: Walking speed

Hedges's g and 95% Cl

p-Value

0.426 &
0.653
0.000
0.125
0.145 &
0.030
0.407 &

AL

0.522 L
0.301 L
0.822 =

0.262 =
0.158 <l
0.010 -
0.006 =
0.041
0.247
0.098 =

0.993
0.152
0.000
0.070 &
0.391 =

0.002
0.014
0.562
0.023
0.074
0.026

0.128
0.372
0.393
0.650 L

0.091 o
0.482 L

0.000
0.001 B |
0.888
0.285 L
0.061

e  —

-0.50 0.00 0.50 1.00

Inactive controls Yoga

-0.45 to 1.24, p =0.36) or social health (ES =0.27, 95%
CI -0.15 to 0.69, p = 0.20).

Yoga vs. active controls A significant effect favouring
yoga was found for depression (ES = 0.54, 95% CI 0.25 to
0.83, p<0.001) (Fig. 5). No significant effect was found
for anxiety (ES =0.43, 95% CI -0.03 to 0.88, p = 0.06) and
perceived mental health (ES =0.26, 95% CI -0.03 to 0.55,
p=0.08).

Heterogeneity

Statistically significant heterogeneity was found only when
comparing yoga and inactive controls (Table 4). For physical
function, significant substantial heterogeneity was found for
balance (I* = 72.15, p = 0.001), and walking speed (I* = 72.69,
p=0.003). For HRQoL outcomes, statistically significant
considerable heterogeneity was found for fear of falls
(I =75.64, p = 0.02). Significant substantial heterogeneity

was found for depression (I* = 57.09, p = 0.02), perceived
mental health (I* = 54.87, p = 0.02), and perceived physical
health (I* = 58.55, p = 0.05).

Combining data from different measurement instru-
ments could introduce heterogeneity. For example, sig-
nificant heterogeneity arose in the comparison of yoga
and inactive controls when balance data from
one-leg-stand test, Berg balance scale, standing balance
tests and POMA were combined. In contrast, when
lower body flexibility was measured using a single in-
strument (sit-and-reach/chair sit-and-reach test) no sig-
nificant heterogeneity occurred.

Sensitivity analyses and cluster randomisation adjustment
Sensitivity analyses were conducted for four studies
which had two controls, introducing one full control
arm and then the other (Additional file 6). For one
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Group by Study name Statistics for each study Hedges's g and 95% Cl
Outcome Hedges's Lower Upper

g limit limit p-Value
Balance Gothe (2016) Bl 0042 0418 0333 0.825 —u—
Balance Ni (2014) TC Bal 0.227 -0.678 1.133 0.623 & r
Balance Ni (2014) SBT_Bal 1.220 0.239 2.201 0.015 r
Balance Oken (2006)_Bal 0.207 -0.202 0.616 0.320 L
Balance Saravanakumar (2014)_Bal 0.708 -0.367 1.782 0.197 >
Balance Morris (2008)_Bal 0.771 -0.310 1.852 0.162 >
Balance 0.320 -0.023 0.663 0.067 ’—
Lower body flexibiity ~ Gothe (2016)_LFlex 0135  -0.241 0.511 0.482 B
Lower body flexibility Oken (2006)_LFlex 0.390 -0.021 0.802 0.063 L
Lower body flexibility Noradechanunt (2017)_LFlex 0.452 -0.303 1.206 0.241 >
Lower body flexibilty 02715 004  05% 0.039 -l
Lower limb strength Gothe (2016)_LST 0.231 -0.146 0.608 0.229 i
Lower limb strength Oken (2006)_LST 0.505 0.091 0.919 0.017
Lower limb strength Noradechanunt (2017)_LST 1.091 0.289 1.892 0.008 E
Lower limb strength 0.492 0.102 0.882 0.013
Mobiity Gothe (2016)_Mob 0054  -0.321 0.430 0777 | E——
Mobility Ni (2014) TC_Mob 1.368 0.361 2.376 0.008 >
Mobility Ni (2014) SBT_Mob -0.313 -1.227 0.600 0.501 &
Mobiity Noradechanunt (2017)_Mob 0415 0338 1.168 0.280 n) 3
Mobilty 0308  -0.253 0.869 0.282 ——ee
Walking speed Ni (2014) TC_WS 0.058 -0.844 0.961 0.89 =
Walking speed Ni (2014) SBT_WS 4289 22718 -0.30 0.011
Walking speed Gothe (2016)_ WS -0.366 -0.745 0.013 0.058 L
Walking speed Oken (2006) WS 0167 0409 0744 0.569 O
Walking speed 0287 -0.791 0.216 0.263 ——

-1.00 -0.50 0.00 0.50 1.00
Active controls Yoga

Fig. 3 Effect sizes and 95% confidence intervals for yoga compared to active controls on physical function outcomes. Legend: Bal: balance; TC:
Tai Chi; SBT: Standard balance training; LFlex: Lower body flexibility; LST: Lower limb strength; Mob: Mobility; WS: Walking speed

study [56], yoga was compared with active controls,
and the sensitivity analysis affected three outcomes
(balance, mobility and walking speed). For the second
study [55], yoga was compared to active controls af-
fecting two HRQoL outcomes (anxiety and depres-
sion). The third [57] and fourth study [58] compared
yoga with inactive controls and the sensitivity analysis
affected sleep quality [57] and depression [58]. While
there were small changes in effect sizes and p values,
none of the variables crossed the significance thresh-
olds, and conclusions derived from the original ana-
lysis were not altered.

Meta-analysis results were not greatly altered after
taking into account cluster randomization (Additional
file 7). While there was a small reduction in effect sizes
for some outcomes, significance was not affected.

Risk of bias

For physical function, relatively few studies had high risk
of bias (selection bias: random sequence generation (6%)
and allocation concealment (18%), detection bias (6%),
attrition bias (24%), reporting bias (18%) and other bias
(41%)) (Fig. 6). Sample selection bias was evident for
many studies and a small number were also at risk of
contamination bias. Similarly, only few studies assessing
HRQoL outcomes had high risk of bias (selection bias:

random sequence generation (5%) and allocation con-
cealment (10%), detection bias (10%), attrition bias
(24%) and reporting bias (5%)) (Fig. 7). Other bias in-
cluded response bias which emanates from the use of
questionnaires and interviews, including social desirabil-
ity response, acquiescence response and Hawthorne ef-
fect [48]. Since all studies assessing HRQoL used
subjective self-report instruments, the risk of other bias
is 100% for HRQoL outcomes. Detailed information on
sources of bias is provided as supplementary material
(Additional file 8).

Discussion

Summary of main findings

The results of this systematic review demonstrate that
compared to inactive controls, it is possible for older
adults to improve many aspects of their physical func-
tion and HRQoL through participating in a yoga inter-
vention. Findings suggest that small to moderate sized
beneficial effects can be achieved for balance, lower
body flexibility, lower limb strength, depression, per-
ceived mental health, perceived physical health, sleep
quality, and vitality. When yoga was compared with ac-
tive controls, statistically significant small to moderate
effects favouring yoga were found for lower body
strength, lower body flexibility and depression. Yoga
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Group by Study name Statistics for each study
Outcome Hedges's Lower Upper
g limit limit
Depression Bethany (2005)_Dep 1.228 0.326 2.130
Depression Oken (2006)_Dep 0.171 -0.244 0.586
Depression Wang (2010)_Dep 0.207 -0.713 1.126
Depression Bonura (2014)_Dep 0.461 -0.026 0.948
Depression Chen (2010)1_Dep 0.655 0.116 1.195
Depression Chen (2009)_Dep 0.802 0.444 1.161
Depression Noradechanunt (2017)_Dep -0.120 -0.865 0.625
Depression Krishnamurthy (2007)2 Ay_Dep 1.480 0.537 2423
Depression Krishnamurthy (2007)2 WL_Dep 1.403 0.557 2.248
Depression 0.635 0.322 0.948
Fear of falls Monis (2008)_FOF -0.185 -1.226 0.857
Fear of falls Nick (2016)_FOF 1.197 0.527 1.867
Fear of falls Tiedemann (2013)_FOF 0.058 -0.478 0.594
Fear of falls 0.393 -0.451 1.237
Per mental health Vogler (2011)_PVH 1.383 0.687 2.079
Per mental health Oken (2006)_PMH 0.085 -0.329 0.500
Per mental health Chen (2009)_PVH 0.903 0.541 1.265
Per mental health Bonura (2014)_PVH 0.443 -0.043 0.930
Per mental health Wang (2010)_PVH 0.210 -0.709 1.130
Per mental health Hariprasad (2013)_PMH 0.807 0.437 1.177
Per mental health Marques (2017)_PVH 0.067 -0.707 0.841
Per mental health Noradechanunt (2017)_PVH 0.539 -0.219 1.298
Per mental health Tew (2017)_PVH 0.719 0.136 1.303
Per mental health 0.597 0.328 0.867
Per physical health Vogler (2011)_PPH 0.193 -0.431 0.817
Per physical health Oken (2006)_PPH 0.519 0.098 0.940
Per physical health Chen (2009)_PPH 0.968 0.603 1.332
Per physical health Hariprasad (2013)_PPH 0.912 0.538 1.286
Per physical health Noradechanunt (2017)_PPH 0.032 -0.713 0.776
Per physical health 0.614 0.285 0.943
Sleep quality Chen (2009)_Sleep 0.623 0.270 0.976
Sleep quality Chen (2010)1_Sleep 1.052 0.491 1.612
Sleep quality Hariprasad (2013)_Sleep 0.396 0.036 0.755
Sleep quality Manjunath (2005) Ay_Sleep 0.620 -0.231 1.470
Sleep quality Manjunath (2005) WL_Sleep 0.997 0.190 1.803
Sleep quality 0.645 0.408 0.883
Social health Hariprasad (2013)_Soc 0.572 0.209 0.935
Social health Oken (2006)_Soc 0.157 -0.258 0.572
Social health Wang (2010)_Soc -0.296 -1.218 0.626
Social health 0.270 -0.147 0.687
Vitality Leininger (2006) Vit 0.248 -0.182 0.679
Vitality Oken (2006)_Vit 0.310 -0.107 0.726
Vitality Noradechanunt (2017)_Vit 0.518 -0.240 1.276
Vitality 0.312 0.034 0.591

Fig. 4 Effect sizes and 95% confidence intervals for yoga compared to inactive controls on HRQoL outcomes. Legend: Dep: Depression; FOF: Fear
of falls; Per mental health/PMH: Perceived mental health; Per physical health/PPH: Perceived physical health; Sleep: Sleep quality; Soc: Social

health; Vit: Vitality; Ay: Ayurveda (herbal preparation); WL: Wait-list control

Hedges's g and 95% CI
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was found to be as good as the activity undertaken by
active controls in improving outcomes such as mobility,
walking speed, balance, anxiety and perceived mental
health. The yoga group was never significantly worse
than the active or inactive group for any of the out-
comes. With high attendance rates for class-based ses-
sions, yoga is a feasible intervention that can be
recommended to older adults as an activity that im-
proves physical and mental wellbeing.

Comparison to previous literature

While other systematic reviews have included or fo-
cused on studies that recruited older adults with clin-
ical conditions, this review is the first to provide a
comprehensive overview of the effects of yoga on
physical function and HRQoL in an older adult popu-
lation not characterised by a specific disease or condi-
tion. Outcomes such as depression, perceived mental
and physical health, balance and mobility have been

evaluated by other meta-analysis of RCTs in an older
adult population (5), and are described in the section
below.

Physical function

Youkhana et al. [10] conducted a systematic review to
assess the effects of yoga on balance and mobility. Since
the control groups in the review consisted of no inter-
vention, waitlist control/usual care and provision of an
education booklet, the study results can be contrasted
with the inactive controls groups of the present study.
Although the direction of the effect for balance is similar
between the two reviews, the effect size in the inactive
control group in this study is much higher than in the
Youkhana et al. review (Table 5). The meta-analysis for
balance in their review included six studies, with three
studies in common with the inactive control group. The
difference in effect size could be because of the ex-
tremely high effect size in one study included only in the
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Group by Study name Statistics for each study Hedges's g and 95% CI
Outcome
Hedges's Lower Upper

g limit limit p-Value
Anxiety Bonura (2014)_Anx 0.339 -0.142 0.819 0.167 L
Anxiety Bethany (2005) CA_Anx 1.097 0.084 2111 0.034
Anxiety Bethany (2005) W_Anx 1.041 -0.036 2118 0.058
Anxiety Gothe (2013)_Anx 0.043 0.333 0.419 0.822 —a—
Anxiety 0.426 0.025 0.876 0.064 ——
Depression Bethany (2005) CA_Dep 1.317 0.274 2.360 0.013
Depression Bethany (2005) W_Dep 0.791 -0.259 1.840 0.140
Depression Oken (2006) Dep 0.545 0.129 0.960 0.010 T
Depression Bonura (2014)_Dep 0.526 0.041 1.012 0.033
Depression Noradechanunt (2017)_Dep 0.000 -0.744 0.744 1.000
Depression 0.538 0247 0829 0.000 ‘
Per mental health Oken (2006)_PVH 0.320 -0.090 0.731 0.126 L
Per mental health Noradechanunt (2017)_PMH 0.366 -0.385 1.117 0.340 =
Per mental health Bonura (2014)_PVH 0.133 -0.345 0.610 0.586 L
Per mental health 0.259 0.029 0.546 0.078 +l

-1.00 -0.50 0.00 0.50 1.00
Active controls Yoga

Fig. 5 Effect sizes and 95% confidence intervals for yoga compared to active controls on HRQoL outcomes. Legend: Anx: Anxiety; CA: Chair
aerobics; W: Walking programme; Dep: Depression; Per mental health/PMH: Perceived mental health

current review, in which participants with poor balance
were recruited, and saw great benefits from the yoga
intervention [76]. Heterogeneity was lower and
non-significant in their review for balance compared to
the inactive control group in the current study. This
could be attributed to more variation in the yoga types,
as well as the inclusion of participants with poor balance
at base-line in the current review.

The two reviews used different tests to assess mobility.
Hence, a meta-analysis was conducted for mobility in
the review by Youkhana et al. [10], but not in the
current review while comparing yoga with inactive con-
trols. The current study assessed mobility using the
timed-up-and-go test (Additional file 9), which was mea-
sured only by two studies, and hence no meta-analysis
was conducted. In the meta-analysis by Youkhana et al.
[10], mobility was measured in three studies using the
timed-eight-foot-walk, sit-to-stand test and the
4-m-walk. Two of the three studies [64, 73] were also in-
cluded in the current review, with the sit-to-stand test
included under strength and the 4-m-walk included
under walking speed (Additional file 9).

HRQoL

Two reviews conducted meta-analyses to assess the ef-
fects of yoga on perceived mental and physical health in
older adults [11, 13], and found a significant positive ef-
fect favouring yoga.

A smaller effect size was found for these outcomes in the
Tulloch et al. review [13] compared to the current study
(Table 5). The effect size in the present study for perceived
physical and mental health in the inactive control group
can be compared to HRQoL and mental wellbeing in the
meta-analysis by Tulloch et al. correspondingly. The

smaller effect size may be attributed to differences in inclu-
sion criteria (studies which specifically recruited clinical
populations were excluded in the current study), and only
four of the 12 studies in the Tulloch et al. meta-analysis
overlapped with the inactive control group of the present
study. Some studies included in the current review [39, 65]
were not captured by the Tulloch review due to differing
search strategies, and search dates. The effect sizes for per-
ceived physical and mental health in the meta-analysis by
Patel et al. [11] were comparable to that of the inactive con-
trol group in the current study. Their review also assessed
depression, and although a moderate effect size was found,
it was not significant. The current meta-analysis for depres-
sion included more studies and may have the power to de-
tect differences between groups. In line with the results of
the current review, another systematic review published in
Chinese [9] concluded that yoga significantly reduced de-
pressive symptoms and improved quality of sleep in older
adults.

Strengths and limitations

This systematic review and meta-analysis offers a com-
prehensive view of the effectiveness of yoga on both
physical and psychological outcomes. The method of
segregating controls into active and inactive groups has
not been adopted by any other systematic review for this
age group, and is a significant strength of this study. The
review provides novel and valuable information on the
effects of yoga on some salient outcomes like strength,
vitality, and social health in an older adult population.
No yoga RCT has directly assessed strength in older
adults using techniques like isokinetic dynamometry
(gold standard) or hand-held dynamometry [79]. To our
knowledge this is the first study to conduct a
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Random sequence Allocation Blinding of outcome Incomplete Selective outcome
generation concealment assessment outcome data reporting (reporting
Study id (selection bias) {selection bias) (detection bias) (attrition bias) bias) Other bias
Bezerra (2014) Unclear Unclear Unclear Unclear Low Unclear
Chen [2008) Unclear Unclear Unclear Low
Chen [2010)2 Unclear Unclear Low
Gothe (2016) Unclear Unclear Unclear Low Low Low
Krisnnamurthy (2007) Unclear Unclear Unclear Unclear
Leininger (2006) Low Low Low
Marques (2017) Low Low Unclear Low Low
Morris (2008) Unclear Unclear Unclear Low
Ni [2014) Unclear Unclear Unclear Low
Nick (20186 Low Low Low
Noradechznunt {2017] Low Low Low Low Low
Oken (2006) Low Low Low Low Low
Saravanakumar (2014) Low Low Low Low Low
Tew (2017) Low Low Low Low Low
Tiedemann (2013 Low Low Low Low Low
Vogler (2011) Unclear Unclear Unclear Low Low
Wang (2010] Unclear Unclear Unclear Unclear Low
0% 25% 50% 75% 100%
Random sequence generation {selection bias) ] -
Allocation concealment {selection bias) _ _
Blinding of outcome assessment {detection bias) _ -
Incomplete outcome data {attrition bias) _ _
Selective outcome reporting (reporting bias) NG
Other bias [N |
B Low{%) Unclear(%) B High(%)
Fig. 6 Risk of bias table and graph for physical function outcomes

meta-analysis to comment on the effectiveness of yoga
in improving strength albeit using a functional fitness
measure as a proxy (sit-to-stand test). The sit-to-stand
test is a reliable and valid indicator of lower body
strength in older adults [80]. Used in conjunction with
measures of flexibility, balance, mobility and walking
speed, the sit-to-stand test is a fitting indicator of func-
tional fitness and the ability to perform everyday activ-
ities in older adults [81].

This study had a broad search strategy, and criteria
other than yoga and older adults were applied only at the
screening stage, making it less likely to miss out studies.
The review also included dissertations, which were not in-
cluded in some previous reviews [11], leading to more ro-
bust results. However, the authors had difficulties in
securing quantitative data for non-significant outcomes
for some included studies (selective reporting bias) [53,
59], and these could not be incorporated in the
meta-analysis. Consideration of this bias is critical since

the primary studies test numerous outcomes, increasing
the chance of type 2 errors. The inclusion of articles only
published in English can be considered a limitation of the
review. However, the review has captured studies from
across the world including non-English speaking countries
such as India, Taiwan, Brazil, and Iran. Only three studies
[71, 73, 77] actually included adverse events as an out-
come at the onset of the intervention. While eight studies
reported on adverse events in the yoga group, it is not evi-
dent if there were no adverse events in the other studies,
or if they were not reported. In one study [67] it is not
clear if the injuries reported can be attributed to the yoga
intervention. Ambiguous or no reporting of adverse
events is a deficiency in yoga research, which future stud-
ies should address. While only a small proportion of in-
cluded studies have been rated as high risk of bias, several
studies have unclear risk of bias for random sequence gen-
eration, allocation concealment and blinding of outcome
assessment. Future studies should ensure that
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Blinding of
Random sequence Allocation outcome Incomplete Selective outcome
generation concealment assessment outcome data reporting
Study id (selection bias) (selection bias) (detection bias) (attrition bias) (reporting bias) Other bias
Bethany (2005) Unclear Unclear Unclear Low Low
Bonura (2014) Unclear Unclear Unclear Low Low
Chen (2009) Low Unclear Unclear Low Low
Chen (2010)1 Unclear Unclear Unclear Low Low
Gothe (2013) Unclear Unclear Unclear Low Low
Haber (1983) Unclear Unclear Unclear Unclear
Haber (1988) Unclear Unclear Unclear Unclear Low
Hariprasad (2013) Unclear Low Unclear Low Low
Krishnamurthy (2007)2 Low Low Unclear Low
Leininger (2006) Low Low Low
Manjunath (2005) Low Low Low Low
Marques (2017) Low Low Unclear Low
Morris (2008) Unclear Unclear Unclear Low
Nick (2016) Low Low Low
Noradechanunt (2017) Low Low Low Low
Oken (2006) Low Low Low Low
Saravanakumar (2014) Low Low Low Low
Tew (2017) Low Low Low Low Low
Tiedemann (2013) Low Low Low Low Low
Vogler (2011) Unclear Unclear Unclear Low Low
Wang (2010) Unclear Unclear Unclear Unclear Low
0% 25% 505 75% 100%
Random sequence generation {selection bias) _ -
Allocation concealment (selection bias) _ -
Blinding of outcome assessment (detection bias) _ -
Selective outcome reporting (reporting bics) [ NN BB
oer tio: | G
mLow(%) Unclear (%) | High{3%)
Fig. 7 Risk of bias table and graph for HRQoL outcomes
A\

randomisation and data collection procedures are re-
ported in detail to allow for accurate assessment of bias
and reliability of intervention effects.

The classification of test and instruments into broad
physical function and HRQoL categories was carried out
in a structured manner, referring to literature when
available, to support the decisions made. However, this
process can be subjective, and could be the root of dif-
ferences in effect sizes between reviews (for example,
sit-to-stand test was classified as assessing mobility in
the Youkhana et al. review [10], but was categorised as
evaluating lower limb strength in the present review).

Implications for policy and practice

The study offers clear evidence that compared to no ac-
tivity, yoga improves physical function and psychological
wellbeing in older adults. It can be inferred from the

meta-analysis results that yoga improves muscle strength
and Dbalance. Previous systematic reviews have
highlighted the potential of yoga in improving balance in
healthy adults [82], and PA policy should continue to
promote yoga within muscle strength and balance guide-
lines to enhance and maintain health. Approximately
15% of older adults are likely to suffer from a mental
health disorder [83], with depression affecting 22% of
older men and 28% of older women in the UK [84].
Mental wellbeing is critical for an older adult population,
and this review highlights the beneficial effects of yoga
in improving perceived physical and mental health, vital-
ity, and alleviating depressive symptoms.

The findings from this review could be used to chal-
lenge older adults’ perceptions of yoga. Older adults
have the impression that yoga only improves flexibility,
and the lack of an aerobic component has been cited as
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a barrier to yoga participation [85]. The older population
and yoga teachers need to be educated on the muscle
strength and balance guidelines, and also made aware of
the physical function and HRQoL benefits of yoga as ev-
idenced by this study. Information from the studies in-
cluded in this review (e.g. common yoga postures and
class structure) should be shared with yoga teachers. Al-
though not directly examined in relation to effectiveness,
the cross tabulation of frequency and duration of
class-based sessions (Additional file 10) showed that 60
min on two days a week was the most common, which
can be easily translated to practice.

Yoga is a recognised and accepted form of activity in
India where it originated. In western countries, although
an increasing trend in older adult participation in yoga/pi-
lates has been observed [86—88], yoga participation rates
still remain low [87, 89, 90]. This review adds to the grow-
ing evidence on the benefits of yoga, and researchers
should work closely with yoga teachers, studios, fitness
centres and policy makers to develop and implement
strategies to encourage yoga participation among older
adults, tying in with the final aim of increasing participa-
tion in muscle strength and balance activities.

Future research

Future intervention studies should include an active con-
trol arm, so that conclusions can be drawn with respect to
the effectiveness of yoga compared to different exercise
programmes. Upper limb strength, hand grip strength, fall
frequency, balance confidence, stress and self-efficacy are
relevant and important outcomes for this population. The
effects of yoga on these outcomes could not be computed
through a meta-analysis due to lack of studies, and future
research with robust experimental designs should focus
on these outcomes. Future systematic reviews for the
older adult population should aim to comment on
dose-response relationships. The current review assessed
the effects of yoga immediately after the intervention, and
28-weeks was the longest follow-up period. Future reviews
should assess effects over a longer period, taking into ac-
count post-intervention follow-up data. Moreover, this re-
view did not include physiological (e.g. cholesterol,
indicators of immune function) and cognitive outcomes
(e.g. memory and executive functions) and future reviews
could aim to assess these outcomes.

There is a need to develop an appropriate framework
for assessing physical function in an older adult popula-
tion. Health Related Physical Fitness is defined in the
American College of Sports Medicine manual as consist-
ing of those specific components of physical fitness that
have a relationship with good health, and includes
cardio-respiratory fitness, body composition, muscular
strength and flexibility [16]. However, it does not include
mobility, walking speed, balance and frequency of falls
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which are important parameters of health for this popu-
lation. Moreover, clear guidance is needed on the tests
and instruments that assess these aspects, with details
on whether they are a valid measure of the outcomes
assessed. A study may have more than one instrument
assessing the same outcome, and there is no standard
procedure for choosing which one measure to include in
the meta-analysis. This is a potential source of bias, and
guidance for this process should be developed to reduce
subjectivity.

Conclusion

Results of this systematic review and meta-analysis show
that yoga improves multiple physical function and HRQoL
outcomes in older adults not characterised by any specific
disease or condition. Compared to inactive controls, small
to moderate significant effects favouring yoga were found
for balance, lower body flexibility, lower limb strength, de-
pression, perceived mental health, perceived physical
health, sleep quality, and vitality. When yoga was com-
pared with active controls, significant small to moderate
effects were also found for lower body strength, lower
body flexibility and depression. Yoga is a multimodal ac-
tivity that improves muscle strength, balance and flexibil-
ity in older adults, and physical activity policy should
continue to promote yoga as an activity that enhances
physical and mental wellbeing in this population.
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Additional file 1: Search terms for Ovid databases (MEDLINE, PsycInfo,
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Additional file 3: The formula used in the study for calculating the
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