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Abstract

Objective: The goal was to review systematically the comparative effectiveness of yoga, compared with other
exercise interventions, for older adults as shown on measures of health and physical functioning.

Design: This was a systematic review with both narrative synthesis and meta-analysis.

Data sources: Searches were conducted in MEDLINE® /PUBMED, PSYCINFO, CINAHL, Web of Science, and
SCOPUS; bibliographies of selected articles; and one systematic review on the effects of yoga on cardiovascular
disease.

Methods: Original studies from 1950 to November 2010 were sought, evaluating the effects of yoga on older
adults. The search was restricted to randomized controlled trials of yoga in subjects >age 60, and published in
English. Data were extracted and evaluated regarding setting, population size and characteristics, intervention
type and duration, comparison group, outcome assessment, data analysis, follow-up, key results, and the quality
of each study according to specific predetermined criteria.

Results: The search yielded 18 eligible studies (N =649). The studies reported on older adults across a range of
settings, intervention intensity, and outcome measures. The majority of the studies had <35 participants (range
9-77). Quantitative and qualitative synthesis of the studies suggested that the benefits of yoga may exceed those
of conventional exercise interventions for self-rated health status, aerobic fitness, and strength. However, the
effect sizes were modest, and the evidence was mixed for yoga’s effect on depression, sleep, and bone-mineral
density. Studies did not find an effect on cognition.

Conclusions: Small studies with mixed methodological quality suggested that yoga may be superior to con-
ventional physical-activity interventions in elderly people. The precision of the estimates remains low. Larger
studies are necessary to define better the intersection of populations, settings, and interventions in which yoga is
most beneficial.

Introduction

OLDER ADULTS WHO ARE PHYSICALLY INACTIVE are at in-
creased risk of functional limitations, disability, and
frailty." Research on aging has sought to identify effec-
tive ways to prevent or reverse frailty.4 Current recom-
mendations are 30 minutes of physical activity on most
days of the week to prevent loss of abilities.”® Physical
activities that have been shown to improve functioning
in frail older adults include weight training,® power
’craining,7 walking to promote endurance, balance,
strengthening, and ﬂexibili’cy.8

Yoga is a potentially promising physical activity for older
adults.” ™ Surveys show that many older adults in the
United States are practicing yoga.g'n'15 Many forms of yoga
exist—such as Hatha, Iyengar, and other yoga forms—that
aim to promote overall movement, health, and wellness.'®
Iyengar yoga is a form of yoga that uses props such as bol-
sters, belts and chairs to adapt to an older individual’s
abilities.'>1617

Yoga not only improves health-related quality of life
(HRQoL)"®!? but also enhances walking and balance, 161720
muscle strength,zo_22 cardiovascular health,”>?® blood pres-
sure (BP), > sleep,u’28 and functioning of other
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systems.”® Yoga may also have psychosocial benefits
through prevention and control of common health and
emotional problems linked with aging.'”***’ An emerging
evidence base describes the effectiveness of yoga for psy-
chosocial and physical functioning in older adults.'"® The
current authors performed a systematic review to compare
effectiveness of yoga with other exercises for promoting
physical performance and quality of life (QoL). Previous
systematic reviews have looked at the effects of yoga in
young adults; is effects on patients with insulin resistance
syndrome and cardiovascular disease,** anxiety,40 and
chronic pain41; and yoga’s therapeutic effects on children.*?
None of these reviews have addressed the effects of yoga in
older adults.

This systematic review was framed around the following
question: Among older adults in community and institu-
tional settings, is yoga superior to other physical activity
with respect to its effect on physical functioning measures
and health related quality of life (HRQoL)?

Methods
Data Sources and searches

Astandardized protocol was developed and followed for
all steps of this review (Appendix 1 ). Two (2) investigators
searched databases to include MEDLINE®/PubMed, Psy-
cInfo, CINAHL, Scopus, and Web of Science; these searches
were augmented by hand-searching bibliographies of se-
lected articles and a previous systematic review of yoga and
cardiovascular disease on older adults. The search terms
included yoga and older adults or elderly. The searches were
limited to English language, age >65, and randomized
controlled trials or clinical trials. A text word (.tw) search
was also performed for yoga. Medical subject headings,
keywords, and text words were used in search strategies. All
electronic databases were accessed on November 3, 2010.

Study selection

Two (2) investigators independently reviewed the titles,
abstracts and/or full-text of manuscripts of retrieved articles
to determine if they met eligibility criteria. The inclusion
criteria were: (1) randomized controlled trials; (2) partici-
pants 60 and older, (3) yoga, compared to another inter-
vention; and (4) English. To evaluate potential subgroup
effects, all eligible studies were included regardless of
dwelling. There were no restrictions on year of study. Con-
sensus among the investigators occurred through additional
review of the original reports (Fig. 1). In one case, the study
was excluded because the study design was unclear.*

Data abstraction

Two (2) investigators independently abstracted data, us-
ing a standardized form that was developed after a series of
pilot abstractions and then was verified by a third reviewer.
The abstracted data included author/year, database, age
range, mean age, % male, sampling strategy, inclusion cri-
teria, exclusion criteria, comorbid conditions, source of par-
ticipant accrual, overall sample size and numbers in
intervention and control groups, type of yoga (description,
dose, duration of intervention), if outcome assessment was
blinded, outcomes assessed, participant attrition, adverse
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effects, statistical analysis, conclusions, funding sources, and
indicators of study quality.

Quality assessment

A methodological quality assessment (Table 1) was per-
formed to evaluate sources of systematic bias.** Ten items
used for quality assessment included: (1) source of patients;
(2) number of controls; (3) selection description; (4) with-
drawals; (5) therapeutic regimens described; (6) prior esti-
mate of sample size; (7) statistical inference; (8) appropriate
statistical analysis; (9) handling of withdrawals; and (10)
side-effects. Rather than use a summary score of study
quality, the effect of key quality measures on study outcomes
was evaluated.

Data synthesis and analysis

Data were synthesized descriptively, emphasizing meth-
odological characteristics of the studies, such as populations
enrolled, definitions of selection and outcome criteria, sam-
ple sizes, adequacy of the randomization process, interven-
tions and comparisons, outcome assessment or intervention
administration, subjective versus objective measures, and
study quality. In addition, a meta-analysis was performed
for selected outcomes when they were similarly measured
across studies.

Comparisons of yoga and other exercise interventions
were based on absolute differences in continuous measures
of physical functioning, QoL, or depressive symptoms. The
summary measure in this meta-analyses was the standard-
ized mean difference (SMD). The SMD is an effect-size
measure computed by dividing the mean difference in out-
comes between groups by the pooled standard deviation
(SD) of the outcome. Standard cutoffs were used to interpret
the effect sizes: 0.6 for modest effect size and 0.8 for large
effect size. To evaluate heterogeneity among studies in the
meta-analyses, the I statistic, which measures the proportion
of variability among studies that cannot be explained by
chance, was used. The I? statistic ranges from 0% to 100%
with values closer to 0 representing less heterogeneity. Ty-
pically 25%, 50%, and 75% are used to respectively define
low, moderate, and high heterogeneity.

Because the included studies were small, there were im-
balances in baseline scores after randomization, so it was not
possible to compare outcomes at the endpoint. Change
scores for each study arm were therefore computed and
compared. Change scores were calculated from baseline and
endpoint measures in the studies” data tables. Because none
of the studies reported the SDs of the change scores, a pro-
cedure in the Cochrane Handbook (Section 16.1.3.2)* was
used to impute these SDs. A sensitivity analysis was used to
how the imputations affected the statistical significance of
meta-analytical summary estimates. The results presented
here represent the most conservative imputations. Meta-an-
alyses were performed using Stata Version 11.0 (StataCorp,
College Station, TX).

Results

Search results and study characteristics

A total of 146 articles, titles and abstracts were retrieved
via the search (Fig. 1). Of these, 48 articles were excluded as
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146 records identified
through data base

2 articles retrieved

from bibliographic
search ‘

searching

48 duplicate studies __|
excluded

FIG. 1. Flow diagram

‘ 98 records screened

showing the identification,

I

screening, eligibility and |
those included for the
systematic review.

70 excluded after
reading titles and
abstracts

28 full text articles
assessed for eligibility

1 excluded as unable
to get the correct
article through ILL

]

9 full text articles
excluded as did not
meet criteria of actual
age > 60, not an RCT

18 studies included in
systematic
assessment

duplicates; 70 were excluded after determining that their ti-
tles and abstracts were not relevant or did not meet inclusion
criteria; 9 were excluded after full-article review as not
meeting inclusion criteria; and 19 articles met eligibility cri-
teria. It was not possible to retrieve 1 eligible article as a full
text.>* Thus, 18 articles were included in the systematic re-
view. The 18 studies included 11 unique cohorts of partici-
pants, as 7 of the articles reported on different outcomes
variables for cohorts previously described in other articles.
The 11 cohorts thus represented the sample for the qualita-
tive analysis of the various outcomes (Fig. 1).

The mean age of participants across the studies ranged
from 63.5 to 77.5, and the majority (71%) were women (Table
2). The included studies represented four different coun-
tries—the United States,®?326:32:3646-49 Ciha 3! Taiwan,'>?°
and India.?®®® Thirteen (13) studies were conducted in
community settings,'®**262%32364549 4 gtydies were in in-
stitutional/residential or senior communities,'*>?%?4%® and 4
studies reported on stable patients from the community with
either chronic obstructive pulmonary disease (COPD) or
coronary heart disease (CHD) or diabetes.>**14°4” Ten (10)
studies were designed to evaluate yoga as the primary in-
tervention,219-2026:30-83:3649  y hereas 8 studies were de-
signed with aerobic exercise as the primary intervention and
yoga as the active control.>*?%?%%646-48°0 The yoea inter-
vention varied in frequency from once to twice a week, for 12

11 studies included in
qualitative synthesis

weeks to 14 months. The studies assessed various primar
outcomes, maximum aerobic capacity (VO, ma)(),23'26'36'50
depressior1,12’19’23’33 sleep,lz’lg’28 measures of cognition,lc)"r’0
HRQoL,'*"*?1% upper- and lower-extremity strength BP,
total cholesterol, body mass index (BMI),19'20'23'26'30'31'46'48
bone density,*>***® dyspnea intensity,*® and kyphosis.**

Methodological quality of studies ranged from 6 to 9 of the
quality elements present (Table 1). Half of the studies had
well-defined inclusion and exclusion criteria. Only one study
determined sample size a priori,'” and another study™ re-
ported that outcome assessors were blinded. The interven-
tion and control groups were well-described. There was poor
reporting on allocation concealment. Baseline imbalances
were evident between study arms for different HRQoL out-
comes.'??%4647 Presence or absence of adverse events was
not reported by most of the cohorts (7 of 11).

Narrative Summary
Physical functioning, exercise, and yoga

Substantial improvements were reported on household
activities, such as floor sweeping, vacuuming, laundry
loading/unloading, and bed making in both the resistance
training and yoga groups with no significant difference be-
tween groups.”” Oken et al.'” demonstrated that the yoga
group had improvements in physical measures such as
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timed one leg standing and forward flexibility as well as QoL
measures related to sense of well-being, energy, and fatigue,
compared to an aerobic exercise control group. The effects on
kyphosis were evaluated by Greendale et al.,*> who found
that the yoga group experienced a 4.4% improvement in
flexicurve kyphosis angle and 5% improvement in kyphosis
index, compared with the monthly luncheon groups that
served as controls.

Physiologic measures and yoga

There were no significant changes in body weight, BMI, %
body fat, fat-free mass, appendicular muscle mass, or bone
mineral density (BMD) for either the resistance training or
the yoga group.*® The resistance-training group increased in
leg and arm strength as measured by a single repetition
maximal (1RM).*® Blumenthal et al.*® confirmed that older
adults had little objective improvement in physical strength.
An increase in bone density occurred in men after 14 months
of participation in both the exercise and yoga programs, but
no change was found for women.** Body flexibility had
significantly improved in both the upper and lower body in
the yoga group, with improved lower-limb muscle endur-
ance and walking speed, but there were no significant
changes in body weight or BML*

Ades et al.** and Blumenthal et al.*® found that dyspnea-
related distress and heart rate were decreased at the end of a
6-minute walk test in the yoga group, but there were no
significant changes in pulmonary function as measured by
forced expiratory volume at 1 minute (FEV;) and forced vital
capacity (FVC).

The concentrations of fasting blood glucose and choles-
terol decreased for older adults with diabetes in the yoga and
exercise groups.”’ Lipid peroxidation, as indicated by mal-
ondialdehyde, decreased significantly in the Hatha yoga and
the physical training groups. There was no significant dif-
ference from baseline to 6 months in protein oxidation.’’

Psychosocial measures and yoga

Yoga was compared with control or wait-list control groups
for cognition (N=142),'">° however, no differences were
found after yoga training (n=74), compared with a control
group (1=68). No changes in cognition, as measured using
the Wechsler Adult Intelligence Scale—Digit symbol and vo-
cabulary test, were reported to be related to aerobic exercise or
yoga.”® Nor were there effects of yoga on cognition, as dem-
onstrated by subjects using the Wide Range Achievement
Test.? Similarly, no changes were found for alertness and
attention, as measured by the Stroop color and word testing.

A significant decrease in sleep latency and increase in
number of hours slept were found after 6 months of yoga
intervention.”® Sleep outcomes, using the Pittsburgh Sleep
Quality Index (PQSI), and depression, using the Taiwanese
Depression Scale, were reported after 6 months of yoga de-
creased sleep latency, daytime dysfunction and depression
decreased, while subjective sleep quality, physical health
perception, and mental health perception improved.'? Sub-
jective scales—the Stanford sleepiness scale and Profile of
Mood States—used to measure sleep and mood, showed no
change among groups.'

Sleep and depression (N=286) were evaluated by three
researchers, using a subjective assessment or a questionnaire
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to determine sleep quality.'*'**® None of the differences
were statistically significant; however, the change scores may
have been clinically meaningful as reported by Manjunath™
(N=23), Chen,"? (N=128), and Oken'® (N=135). In contrast,
depression, measured with the Geriatric Depression Scale
(GDS),*® was reduced in a yoga group at 3 and 6 months.*
In older adults with COPD, however, there were no signifi-
cant changes in depressive symptoms, anxiety, or general
disease-specific HRQoL.*°

Adherence to yoga

Flegal et al.*’ correlated adherence to yoga with baseline
measures of depression, fatigue, and physical components of
HRQoL. These researchers reported that adherence was not
related to age, gender, or educational level.

Meta-Analysis

We performed a meta-analysis for selected outcomes for
reports with similar outcome measures: (1) VOomax; (2) de-
pression (Center for Epidemiological Studies—Depression
Scale (CES_D) and GDS); and (3) HRQOL (both physical and
mental scales; (Fig. 2A-D).

Maximal aerobic consumption capacity (VOomax; Fig. 24;
N=282) was measured in several studies using aerobic ex-
ercise (AE), compared with a control group who performed
yoga. 26?463 The summary standardized mean difference
for VO, . was 0.54 (0.08-1.00), which was a moderate effect
size favoring yoga over comparison activities. Heterogeneity
among studies was modest.

Depression (Figure 2B; N=543), as measured by the CES-
D (3 of 4 researchers)'*!*?? or the GDS (1 of 4 researchers)®
did not change in any of the 4 studies abstracted (exercise
[n=99] versus yoga [n=173] versus control [n=162])].

The SMD for depression was —0.57 (—1.17 to 0.04), which
was a moderate effect size in the direction of yoga reducing
depression scores to a greater extent than comparison ac-
tivities did, although this reduction was not statistically
significant. Study heterogeneity was large (I* 80%).

HRQoL was evaluated separately for the Short Form-36
(SF-36) physical and mental component scales (Fig. 2C and
D; N=422).121930: 33 On the physical component scale of the
SE-36, the estimated SMD (0.65 [0.02-1.28]) favored the yoga
intervention. Study heterogeneity was large (I 82%). On the
mental component scale of the SF-36, the estimated SMD
again favored yoga (0.66 [0.10-1.22]). Study heterogeneity
was large (> 77%). These effect sizes for the SF-36 mental and
physical scales are classified as moderate.

Discussion

The current systematic review suggests that yoga may be
superior to aerobic exercise interventions to improve self-
rated physical and mental health status (measured by SF-36),
flexibility, and aerobic fitness (measured by VOs;max). Mixed
evidence was found for strength, BMD, sleep and depres-
sion. Cognitive function did not seem to improve after yoga
intervention.

Consistent with a field in its early stages of development,
the findings are based on a relatively small number of trials
with little statistical precision and significant methodolog-
ical weaknesses. Innes et al.** reported limitations in the
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FIG. 2. Showing the forest plots of the primary outcomes of the included studies.

yoga studies and methodological quality of the studies such
as limited numbers of participants, lack of reporting of
adverse effects, and no sample size justification. Other
systematic reviews showed promising results but had
similar limitations with studies and the methodological
quality. 404251

The current review indicated several limitations in the
available evidence base. First, there was wide variability in
the interventions. Many different types of yoga regimens
were prescribed. The diversity in yoga intervention was not
surprising, as there are many different types of yoga prac-
ticed based on each teacher’s training and philosophy. The
duration of intervention and frequency of intervention also
varied widely among the various trials, as did the study
outcomes and measurement methods. Second, poor adverse-
event (AE) reporting in most of the studies limited any
conclusions about the safety of yoga as an exercise. It was
unclear if there was lack of reporting of adverse effects or no
actual AEs occurred. Third, sample sizes were small, which
limited the precision and generalizability of the estimates.
Fourth, the interventions’ durations varied considerably
across studies.

The current authors recommend that researchers design
clinical trials with well-specified yoga interventions that take
into account the differences in approaches based on training
and philosophy. The yoga intervention for any study should
be described in more detail, in terms of frequency, intensity,
and the duration of sessions to allow for determination of
exercise dose-response. Investigators should specify clinically
meaningful effect sizes. Future trials should formally monitor
and report the incidence of AEs and reasons for dropouts,
such as musculoskeletal injuries. Standardized, objective
measurements of physical, psychosocial, and spiritual well-
being are recommended, such as self-reports of pain (visual
analogue scale), quality of life (SF-36) and sleep (question-
naire), and objective measures of functional ability (Short
Physical Performance Battery), function (walking speed),
balance (single-limb stance), flexibility (functional reach or sit
and reach), and muscle strength (sit to stand and hand grip).
These outcome measures are recommended based on the
importance of early identification of people at risk for decline
in function and frailty.>**** Given the low number of partic-
ipants, it is important to assess barriers to participation. The
current authors recommend that future research focus on
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assessing barriers, perceived benefits, and cues to action for
participation in, and adherence to, yoga exercise regimens in
addition to exploring ways of recruiting and retaining par-
ticipants. For example, one of the reasons for low participation
may have been the religious beliefs of the participants.”

Conclusions

In summary 18 studies (11 cohorts) were systematically
reviewed. The outcomes studied were diverse, thereby lim-
iting a meta-analysis of all the studies. Limited evidence
supports yoga’s benefit for strength, flexibility, physical and
mental health status, and aerobic fitness. Its effect on other
important outcomes—household functioning, depression,
sleep, and others—remains uncertain. Very little has been
reported about potential adverse events. Overall, the current
authors recommend yoga for older adults with careful ob-
servation and monitoring of side-effects.
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