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Summary
Background Exercises targeting balance and strength are proven to prevent falls. Yoga is growing in popularity and 
can improve balance and mobility in older adults, but its effects on falls have not been rigorously tested. In this study, 
we aimed to compare the effects of Iyengar yoga-based exercise and seated relaxation yoga on the rate of falls among 
older adults.

Methods This pragmatic, two-arm, parallel randomised controlled trial recruited Australian community-dwelling 
people aged 60 years and older who were not currently practising yoga and who lived independently. Participants 
were randomly assigned (1:1) to the intervention (Iyengar yoga-based exercise) or control (seated relaxation yoga) 
group using a computer-generated sequence. Participants and yoga instructors were unmasked, but research staff 
verifying falls data and assessing goal attainment were masked to group allocation. Intervention participants 
received 80 supervised, 1-h, twice-weekly yoga classes over 12 months, and were encouraged to undertake 
unsupervised practice on 2 additional days per week. Control participants attended two 1-h supervised workshops 
focused on seated breathing and stretching. Most classes were held online due to the COVID-19 pandemic. The 
primary outcome was fall rate per year. Secondary outcomes were mental wellbeing, physical activity, quality of 
life, balance self-confidence, physical function, sleep quality, pain, and goal attainment, all assessed in the 
intention-to-treat population. The study protocol was registered with the Australian New Zealand Clinical Trials 
Registry (ACTRN12619001183178).

Findings Between Oct 3, 2019, and Oct 28, 2021, 2182 older adults expressed their interest in participating, 810 were 
assessed for eligibility, 110 were excluded, and 700 were randomly assigned to either the Iyengar yoga exercise 
programme or the control group (seated yoga relaxation programme; 350 participants per group). The mean age of 
participants was 67 years (SD 5⋅2), and 570 (81%) were female and 130 (19%) were male. Six intervention participants 
reported musculoskeletal-related adverse events associated with the yoga programme, and no serious adverse events 
occurred. Contrary to expectations, there was a higher fall rate in the intervention group than in the control group 
(0⋅87 vs 0⋅64 falls per person-year; incidence rate ratio 1⋅33 [95% CI 1⋅01–1⋅75; p=0⋅044]). The intervention improved 
the number of hours per week of planned physical activity (mean difference 0⋅96 h per week [95% CI 0⋅43–1⋅49]; 
p<0⋅0001), self-reported balance confidence (mean difference 2⋅94 [0⋅60–5⋅28]; p=0⋅014), and goal attainment 
(mean difference 0⋅60 [0⋅26–0⋅94]; p=0⋅0006). No significant between-group differences were identified for other 
secondary outcomes.

Interpretation This Iyengar yoga-based programme should not be recommended for fall prevention in its current 
form. Modified programmes with dynamic balance and fall prevention strategies warrant investigation.
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Introduction
An alarming 37⋅3 million falls lead to injuries that require 
medical attention globally each year.1 Approximately one in 
three community-dwelling people aged 65 years or older 
experience a fall each year, with about 5% of these falls 
resulting in fractures.1 Many falls lead to subsequent 
morbidity, disability, and permanent residential care.2

Therefore, strategies to prevent falls can have substantial 
personal, population health, and economic effects.

Much previous evidence has suggested that exercise can 
prevent falls.3,4 A Cochrane systematic review of 108 rand
omised trials found that structured exercise can reduce fall 
rates by up to 34% in community-dwelling older people.4

Additionally, a complementary review showed that 
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providing a high dose of training, and exercises that 
strongly challenge balance is more effective than lower- 
dose or less challenging exercise programmes in prevent
ing falls.5 However, reviews of exercise for fall prevention 
have not identified any trials evaluating the effect of 
yoga-based exercise on falls.4

Yoga is a popular mind–body exercise among middle and 
older age groups6 that promotes physical and mental 
health. Several studies have found yoga has health benefits 
relating to hypertension,7 chronic back pain and disabil
ity,8 general health status,9,10 mental wellbeing, and quality 
of life.11,12 Yoga is well received by older people compared 
with other types of exercise and can be tailored for indi
viduals with a range of functional abilities and clinical 
conditions.13,14

There is also evidence that yoga can address some fall risk 
factors. Previous research shows that well designed yoga- 
based exercise is safe and substantially improves balance 
and mobility.11,12,15 Based on these findings, yoga has been 
recommended as a fall prevention activity for older adults 
in exercise prescription guidelines.16,17 However, no 
randomised controlled trials have been large enough to 
evaluate the effect of yoga on falls using rigorous research 
methods.

To fill this research gap, we conducted a randomised 
controlled trial to determine whether a 40-week, twice- 
weekly, supervised yoga exercise programme based on 
Iyengar style (the Successful Ageing [SAGE] yoga pro
gramme) could reduce falls over 12 months compared with 
a seated, unsupervised yoga relaxation programme in 
community-dwelling adults aged 60 years and older. We 
also aimed to measure the effectiveness of our Iyengar 
yoga-based exercise programme on mental wellbeing, 
physical activity, health-related quality of life, balance con
fidence, physical function, pain, goal attainment, and sleep.

Methods
Study design
We conducted a pragmatic, two-arm, parallel randomised 
controlled trial over 12 months. The study is reported 
according to the Consolidated Standards of Reporting 
Trials statement for randomised controlled trials18 and with 
reference to the Template for Intervention Description and 
Replication checklist.19 The trial protocol20 and subsequent 
amendments were approved by the Human Research 
Ethics Committee at the University of Sydney as study 
sponsor (2019/604). The protocol was prospectively regis
tered in the Australian and New Zealand Clinical Trials 
Registry (ACTRN12619001183178). The statistical analysis 
plan was registered on the Open Science Framework before 
commencing data analysis. A formal Data Safety Mon
itoring Board was not convened, as the intervention was 
considered low risk. Instead, adverse events were moni
tored by the trial management team and reviewed 
regularly by the chief investigator.

Participants
We initially recruited participants for face-to-face yoga classes 
in metropolitan Sydney, Australia, from Sept 23, 2019, to 
Feb 21, 2020. However, due to the COVID-19 pandemic, we 
transitioned to online classes on March 25, 2020. This tran
sition expanded our recruitment to New South Wales beyond 
metropolitan Sydney and other states including Queensland, 
Victoria, and South Australia. Community-based recruit
ment was through advertisements in local newspapers, 
community centres, social media, online newsletters, and 
community organisations such as Men’s Sheds, Rotary, and 
Probus.

To be eligible for the study, participants needed to be 
60 years or older, live independently, not have participated in 
weekly yoga during the past year, and be able to travel to an 

Research in context

Evidence before this study
It is well established that exercise can prevent falls, particularly 
exercises targeting balance. Yoga is popular among older people 
and can improve balance and mobility outcomes in this 
population. However, there are few large randomised controlled 
trials that specifically investigate the effect of yoga on falls. We 
searched PubMed between database inception and Aug 31, 
2024, using the search terms “yoga” AND “falls” AND “clinical 
trials or randomised controlled trials” without language 
restrictions. The search returned 31 articles. After reviewing 
abstracts, we identified three randomised controlled trials 
investigating the effect of yoga on falls. Some of these trials were 
inadequately powered (<40 participants) and involved relatively 
short interventions (8, 12, and 14 weeks). The results of these 
trials showed no between-group difference in falls when 
compared with modified yoga Asana, Hatha, or chair-based yoga 
to home relaxation or usual care.

Added value of this study
To the best of our knowledge, this is the largest rigorous clinical 
trial investigating the effect of yoga on falls, and its findings 
showed that an Iyengar yoga-based exercise programme resulted 
in substantially more falls when compared with seated relaxation 
yoga. This programme effectively improved participation in 
planned exercise, balance self-confidence, and goal attainment.

Implications of all the available evidence
Our study does not support recommending this Iyengar yoga- 
based exercise programme as a fall prevention intervention for 
people aged 60 years and older. As the programme was primarily 
delivered online and was based on the Iyengar style, further 
research into different yoga types and delivery modes (including 
in-person) is warranted.

To see the study details on the 
Open Science Framework see 

https://osf.io/h5wer
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intervention location for face-to-face classes (pre-pandemic 
enrolments only) or to access online classes via the internet. 
People were excluded if they were unable to leave the house 
without physical assistance from another person, had a 
diagnosis of dementia or a cognitive impairment assessed 
by a Memory Impairment Screen (score <5), insufficient 
English language ability to fully participate in the pro
gramme, a progressive neurological disease, or a medical 
condition precluding exercise participation. All participants 
provided written informed consent.

Randomisation and masking
After completion of baseline measures, participants were 
randomly assigned (1:1) to either the Iyengar yoga-based 
exercise programme or a seated yoga relaxation pro
gramme, using a computer-generated random allocation 
sequence uploaded to a REDCap database with randomly 
permuted block sizes of two and four. A researcher not 
involved with recruitment prepared the randomisation 
schedule, which was concealed from the research staff. 
Spouses or partners were assigned to the same group to 
avoid contamination (n=25 pairs). Due to the nature of the 
intervention, participants and those delivering the inter
vention could not be masked to group assignment. 
Outcome assessments were not masked because they were 
self-reported measures. However, research staff who 
assessed goal attainment and followed up on reported falls 
and missing data were masked to group allocation.

Procedures
Baseline information was collected electronically via RED
Cap and included demographic data (age, sex [self-reported; 
options: male, female, other], living arrangement, work 
status, education level, country of birth, and language 
spoken at home), anthropometric data (BMI), and health- 
related characteristics (number of medications, number 
and type of medical conditions, walking aid use, history of 
falls in the past year, self-rated balance, and self-rated fear of 
falling). Ethnicity data were not collected, country of birth 
and language spoken at home are used as proxy measures 
for cultural and linguistic diversity. Secondary outcome 
measures collected at baseline included mental wellbeing, 
physical activity, health-related quality of life, balance con
fidence, physical function, pain, and sleep. Individual 
mobility-related goals were also set at baseline. Participants 
allocated to the intervention received supervised instruction 
under a yoga-based exercise programme over 12 months. 
Our intervention (subsequently referred to as the SAGE 
yoga programme) was based on an Iyengar yoga pro
gramme designed for a previous pilot randomised con
trolled trial15 that demonstrated significant improvements 
in balance and mobility.

The Iyengar style of yoga was chosen for its focus on 
holding static postures for longer durations, in contrast to 
the rapid flow movements typical of other yoga styles, such 
as Vinyasa. The Iyengar style incorporates props such as 
blocks, straps, chairs, and bolsters, providing support for 

the body in challenging poses, making it easier for older 
adults to practise. Yoga postures were adapted to accom
modate individuals with varying levels of functional ability, 
prioritising participant safety. As participant skills and self- 
confidence developed, the balance demands for each pose 
gradually increased over the study period.15 The SAGE yoga 
programme specifically emphasised standing postures, 
including tree pose, warrior pose, and side angle pose 
(appendix pp 3–18).

The SAGE yoga programme was led by qualified yoga 
instructors with between 12 years and 29 years of teaching 
experience, including experience in working with older 
people, and who specialised in the Iyengar style of yoga. The 
yoga instructors were trained by research investigators to 
deliver the SAGE yoga programme and followed a written 
protocol to ensure consistency of delivery between 
instructors.

The programme was initially intended to be delivered in 
person in yoga studios in Sydney, NSW, Australia. How
ever, 4 months after the first class began (March, 2020), the 
SAGE yoga programme transitioned to be online via Zoom 
due to the COVID-19 pandemic. Our research team assis
ted participants with technology setup as required. Online 
participants were encouraged to keep their cameras on 
during classes for observation and feedback purposes. They 
were also offered a one-on-one online meeting with their 
instructor to discuss health concerns before the classes 
commenced. To foster social connection, each online yoga 
class had a dedicated WhatsApp instant messaging 
application group.

Participants were invited to attend 80 free, supervised, 1-h 
classes held twice weekly over 12 months. They were 
encouraged to do an additional 20-min unsupervised yoga 
routine aligned with class content at least twice a week, 
using a booklet that detailed the yoga postures. The inter
vention goal was to achieve a weekly exercise dosage, 
aligning with both physical activity guidelines and fall 
prevention recommendations that emphasise the import
ance of ongoing high-dose exercise that challenges balance 
to prevent falls.5,21 The classes involved ten to 20 participants 
per group. Yoga instructors kept class attendance records to 
monitor adherence to the supervised SAGE yoga sessions, 
but unsupervised yoga sessions were not monitored.

Participants allocated to the control group were instructed 
in a seated yoga relaxation programme. The control par
ticipants were invited to two 1-h in-person or online work
shops taught by the same yoga instructors who delivered 
the SAGE yoga programme. The seated yoga relaxation 
programme focused on stretching exercises for the lower 
back, hips, neck, shoulders, and chest, along with breathing 
and relaxation techniques. Participants could practise these 
exercises independently at home at their own discretion 
and were provided with a printed manual to guide them. 
The seated yoga relaxation programme was chosen as the 
control group activity as it was considered to have minimal 
effect on falls since it involved seated stretching and 
relaxation activities (appendix p 19).

See Online for appendix
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Intervention participants completed a post-intervention 
survey measuring: (1) perceived programme benefit for 
physical health, wellbeing and balance or risk of falls 
(scored out of 10, with higher scores indicating increased 
benefit);22,23 (2) satisfaction with programme features 
(ie, programme content, yoga instructors, yoga class facil
ities or Zoom; scored out of 10, with higher scores indicating 
greater satisfaction); (3) physical ability to take part in the 
programme (scored out of 10, with higher scores indicating 
greater ability); and (4) proportion of participants who would 
recommend the programme to others and would like to 
continue participation. Qualitative interviews using a realist 
evaluation approach were conducted with a purposive 
sample of participants and focus groups were held with the 
yoga instructors, with the findings published elsewhere.22–24

Outcomes
The primary outcome was the rate of falls in the 12 months 
after randomisation, assessed in the intention-to-treat 
population (table 1). Falls were recorded through monthly 
calendars completed online or on paper over 12 months. 
Staff who were masked to group allocation followed up 
unreturned calendars and reviewed reported falls to col
lect additional details, including injuries. Secondary out
comes included mental wellbeing,26 physical activity,27

quality of life,28 balance self-confidence,29 physical func
tion,30 sleep quality,31 pain, and goal attainment,32 assessed 
using validated questionnaires in the intention-to-treat 
population. Goal attainment was assessed at 12 months 
via telephone by a masked physiotherapist, based on two 
mobility-related goals set by participants at baseline. All 
other secondary outcomes were measured at baseline and 
12 months via REDCap.

Statistical analysis
Full details of the sample size calculation are published 
elsewhere.20 In summary, we initially determined that 
560 participants (280 per group) were necessary to achieve 
80% statistical power, enabling us to detect a 30% relative 
reduction in fall rates between groups, using a 5% signifi
cance level with a two-sided test. This sample size also 
allowed us to identify differences of 10–15% between groups 
for secondary outcome measures while considering poten
tial overdispersion of the primary outcome. However, since 
the sample rate of falls was lower than what we had originally 
estimated and due to the possibility of a lower intervention 
intensity due to online delivery of the programme, we 
decided to re-calculate the sample size based on rate of falls 
across data collected from the first 100 participants in our 
sample. To account for a potential 20% loss to follow-up, the 
new sample size was determined to be 700 participants 
(350 per group). An average follow-up period of 11 months 
(rather than the planned 12 months) was used in these 
calculations to account for loss to follow-up.

We followed a predefined statistical analysis plan with 
the following amendments. The original statistical ana
lysis plan specified mixed effects models for both primary 

and secondary analyses. However, fixed-effect regression 
models were used instead as they provided a better fit to 
the data and were more interpretable. For the primary 
outcome, a negative binomial regression model was used 
to estimate the between-group ratio of fall rates at 
12 months. For the continuously scored secondary out
come measures, generalised linear models adjusted for 
baseline values were used to assess the effect of group 
allocation. Data were presented as means with SDs, or 
effect estimates (hazard ratios, rate ratios, or incidence 
rate ratios) with 95% CIs, as appropriate. We used an 
intention-to-treat approach. Although not prespecified in 
the statistical analysis plan, we conducted an exploratory 
time-to-event analysis. A Cox proportional hazards model 
was used to estimate the hazard ratio (HR) for time to first 
fall between groups and Kaplan–Meier curves showed the 
probability of remaining fall-free over 12 months for the 
intervention and control groups. This approach was 
included to provide additional insight into intervention 
effects and is reported in the appendix (pp 23). Further
more, although an economic analysis was initially plan
ned and outlined in the study protocol and statistical 
analysis plan, this analysis was not conducted. This 
decision was based on the trial findings, as a cost- 
effectiveness analysis would not provide additional value 
in the context of the primary trial outcomes.

Planned subgroup analyses assessed whether the effects 
of the intervention varied according to baseline self- 
reported balance ability, history of falls, and baseline 
physical activity status. We dichotomised history of falls 
into no falls versus one or more fall in the past year. We also 
categorised baseline physical activity status by dividing the 
sample into equal thirds based on the mean of total physical 
activity score from the Incidental and Planned Exercise 
Questionnaire (IPEQ): less than 20 h per week, 20–35 h, 
and more than 35 h per week of physical activity. The total 
physical activity was calculated by summing hours per week 
spent in various activities, such as incidental and planned 
physical activity, regular and planned walking, and sports. 
Finally, we categorised the self-reported balance ability into 
two categories: poor or fair versus good, very good, or 
excellent. All statistical analyses were conducted using 
Stata/BE (version 18).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between Oct 3, 2019 and Oct 28, 2021, 2182 older adults 
expressed their interest in the study and, of these, the first 
810 individuals who could be contacted by telephone or email 
were assessed for eligibility as we met our recruitment 
target. After excluding 110 ineligible participants (69 were 
not eligible, 41 were eligible but chose not to proceed), 
700 were enrolled and 350 (50%) were randomly assigned 

For the statistical analysis plan 
see https://osf.io/h5wer
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to the intervention (Iyengar yoga exercise programme) and 
350 (50%) to the control (seated yoga relaxation pro
gramme; figure 1). More participants in the control group 

withdrew from the study than the intervention group 
(86 [25%] of 350 vs 36 [10%] of 350). The main reasons for 
withdrawal were not wanting to be allocated to the control 

Measurement

Primary outcome
Falls Monthly calendars collected over 12 months; falls were defined as “an unexpected event in which the participant comes to rest on the 

ground, floor, or lower level, as a result of a loss of balance”.25

Secondary outcomes
Mental wellbeing Warwick-Edinburgh Mental Well-being Scale is a 14-item scale, with total scores ranging from 14 to 70. A higher score indicates a higher 

level of wellbeing.
Physical activity IPEQ assessed the frequency and duration of planned and incidental physical activity, yielding continuous scores in min per week. Higher 

scores reflect greater amounts of physical activity.
Quality of life EQ-5D-5L questionnaire generated a health utility score (–0⋅68 to 1⋅00; higher scores indicate better health-related quality of life) and a 

visual analogue scale score (0–100; higher scores indicate better self-rated health).
Balance self- 
confidence

Activity-specific Balance Confidence Scale–simplified scores range from 0 to 100, with higher scores indicating greater confidence in 
performing daily activities without losing balance.

Physical function Late Life Function and Disability Instrument scores range from 0 to 100, with higher scores indicating better physical function and less 
disability.

Sleep quality Pittsburgh Sleep Quality Index scores range from 0 to 21, with higher scores indicating poorer sleep quality.
Pain Assessed using three questions: (1) Are you currently troubled by pain or discomfort, either all the time or on and off? (2) Have you had this 

pain or discomfort for more than 3 months? (3) Does this pain affect your daily activities? Responses for all questions were based on a 
5-point Likert scale: 1=not at all, 2=a little bit, 3=moderately, 4=quite a lot, 5=extremely

Goal attainment Goal Attainment Scale, which rates progress on a 5-point scale from –2 (much worse than baseline) to +2 (much better than expected); 
participants set two mobility-related goals at baseline, and each goal was scored at 12 months; the two scores were summed to create a 
continuous variable ranging from –4 to +4; example goals included improving the ability to get up from the floor, using stairs with greater 
confidence, or enhancing balance.

IPEQ=Incidental and Planned Exercise Questionnaire.

Table 1: Study outcomes and measures

 810 patients assessed for eligibility

 700 randomised

 350 assigned to yoga-based exercise
  intervention group

36 discontinued treatment
   11 due to health issues
   6 formally withdrew
   6 lost to follow-up
   6 with competing priorities
   7 for other reasons (eg , competing priorities, personal
    circumstances, or preferred not to transition to online classes)

86 discontinued treatment
   30 formally withdrew
   24 disappointed in being allocated to the control group
   14 lost to follow-up
   8 with health issues
   10 for other reasons (eg , competing priorities, personal
    circumstances, or loss of motivation)

 350 assigned to yoga seated relaxation
  control group

314 continued treatment 264 continued treatment

 350 included in intention-to-treat analysis  350 included in intention-to-treat analysis

 110 were excluded
  69 were not eligible
   41 were eligible but chose not to proceed

Figure 1: Trial profile
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group and personal reasons (eg, competing priorities or 
family health issues). The mean age of the 700 participants 
was 67 years (SD 5⋅2), 570 (81%) were female, 130 (19%) 
were male, and 229 (33%) reported a history of falls in the 
past year at baseline. Characteristics were well balanced 
across the groups, and participants were similar in all 
measures (table 2; appendix p 20).

The intervention was delivered through 26 yoga classes, 
with an average of 14 participants per class. Participants 
randomly assigned to the intervention group attended an 
average of 55 (69%) of 80 supervised yoga sessions. 
250 (71%) of 350 attended at least 50% of the sessions, and 
207 (59%) attended at least 75% of the sessions. We did not 
monitor control group adherence. 46 participants from four 
classes started the programme in a studio setting before the 
COVID-19 lockdown came into effect. Three participants 
chose not to continue with the programme in an online 
format and of the remaining 43 participants who transi
tioned to online classes, 39 completed the full programme. 
Six intervention participants reported adverse events asso
ciated with the yoga programme: muscle strain (n=2), a 
knee ligament strain (n=1), an increase in hip discomfort 
(n=1), knee pain (n=1), and an increase in pre-existing neck 
pain (n=1). No serious adverse events were reported.

Of 700 randomised participants, 649 (93%) provided at 
least one fall diary, contributing to estimating fall incidence 
rates and the incidence rate ratios (IRRs), and 517 (74%) 
participants completed all monthly fall calendars. During 
the 12-month study period, participants experienced a total 
of 440 falls, of which 147 (33%) caused injury (ie, cuts, 
grazes, dislocation, sprain, fracture, or traumatic brain 
injury). Of the 700 participants, 245 (35%) experienced at 
least one fall and 99 (14%) experienced an injurious fall. 
The primary outcome analysis showed that the intervention 
group had a significantly higher 12-month incidence of falls 
than the control group (IRR 1⋅33 [95% CI 1⋅01–1⋅75]; 
p=0⋅044 table 3). The proportion of intervention and control 
participants experiencing at least one injurious fall was 
similar between the groups (15% of intervention partic
ipants vs 13% of control participants; RR 1⋅04 [95% CI 
0⋅73 –1⋅50]; p=0⋅82). Although consistent with the direction 
of the primary analysis, the post-hoc exploratory analysis of 
time to first fall did not show a significant difference 
between groups (HR 1⋅24 [95% CI 0⋅96–1⋅60]; p=0⋅096). 
Kaplan–Meier curves comparing the probability of 
remaining fall-free between the intervention and control 
groups are shown in the appendix (p 23).

The secondary outcomes analyses indicated that, com
pared with the control group, the intervention significantly 
increased the number of hours per week of planned phys
ical activity (ie, total hours per week spent in planned 
structured exercise; mean difference 0⋅96 h per week, 
[95% CI 0⋅43–1⋅49]; p<0⋅0001), self-reported balance 
confidence (mean difference 2⋅94 [0⋅60–5⋅28]; p=0⋅014), 
and had better goal attainment (mean difference 
0⋅60 [0⋅26–0⋅94]; p=0⋅0006) at 12 months after randomisa
tion. There were no significant differences between the 
intervention and control groups in other secondary 
outcomes (ie, mental wellbeing, health-related quality of 
life, total walking activity and overall activity, physical 
function, pain and discomfort lasting more than 3 months 
and affecting daily activities, or sleep) at 12 months 
(appendix pp 21–22).

The pre-planned subgroup analysis suggested a higher 
rate of falls in participants who had not fallen within the 
pre-intervention year; had high levels of physical activity; 
and self-reported good, very good, or excellent balance at 
baseline (figure 2). However, the interaction term was only 
significant for participants who reported high levels 
(>35 h per week) of total physical activity (ie, a combination 
of hours per week spent in various physical activities; p for 
interaction=0⋅0009). The intervention appeared to have 
reduced falls in the least physically active participants 
(IRR 0⋅61 [95% CI 0⋅37–1⋅01]), although the effect was not 
statistically significant (p=0⋅05).

In terms of process evaluation, 268 (77%) of 350 partic
ipants completed a survey regarding their impressions of 
the intervention. The survey used a 0–10 scale, where 
0 indicated “not at all” and 10 indicated “extremely” 
(eg, extremely beneficial, extremely satisfied, extremely able). 
The mean rating of programme benefits was 8⋅4 (SD 2⋅1) out 

Control group 
(n =350)

Intervention 
group (n=350)

Age (years) 66⋅5 (5⋅2) 66⋅8 (5⋅3)
Age group

60–69 264 (75%) 252 (72%)

70–79 79 (23%) 93 (27%)

80 or older 7 (2%) 5 (1%)
Sex

Female* 291 (83%) 279 (80%)

Male 59 (17%) 71 (20%)
Living alone 78 (22%) 90 (26%)
Language other than English spoken at home† 19 (5%) 23 (7%)
Born outside of Australia† 126 (36%) 145 (41%)
Low education attainment‡ 92 (26%) 78 (22%)
Total number of medications 1⋅7 (1⋅7) 1⋅7 (1⋅7)
Medical conditions

Total number of medical conditions 1⋅5 (1⋅4) 1⋅7 (1⋅5)

Number of participants with one medical condition 87 (25%) 98 (28%)

Number of participants with two or three medical conditions 113 (32%) 117 (33%)

Number of participants with four or more medical conditions 52 (15%) 45 (13%)
Walking aid use 5 (1%) 8 (2%)
Fallen in the past year 116 (33%) 113 (32%)
Self-rated balance fair or poor 83 (24%) 95 (27%)
Self-rated fear of falling more than moderate 70 (20%) 76 (22%)
EQ-5D-5L VAS 80⋅2 (12⋅2) 79⋅0 (12⋅9)
Self-reported physical activity (h per week)§ 29⋅9 (15⋅8) 30⋅1 (16⋅8)

Data are mean (SD) or n (%). IPEQ=Incidental and Planned Exercise Questionnaire. VAS=visual analogue scale. *Sex options 
were male, female, other. †Ethnicity data were not collected; country of birth and language spoken at home are used as 
proxy measures for cultural and linguistic diversity. ‡Participants with a trade certificate, secondary school completion, or 
below. §IPEQ-based measure, derived by summing h per week spent in incidental activity, planned and usual walking activity, 
or planned activity and sports.

Table 2: Baseline characteristics
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of 10 for physical health, 8⋅1 (2⋅1) for mental health, and 
8⋅3 (2⋅1) for balance or risk of falls. Overall, participants were 
satisfied with the programme, especially with the pro
gramme content (mean 8⋅8 [SD 1⋅7] out of 10) and yoga 
instructors (9⋅2 [1⋅6] out of 10). Participants viewed the yoga 
programme as enjoyable but challenging, and suitable for 
older people without previous yoga experience. Support, 
encouragement, professionalism, and tailoring of yoga poses 
to an individual’s needs were the main comments associated 
with satisfaction with the instructors. Participants rated their 
physical ability to take part in the yoga programme as good 
(8⋅3 [SD 1⋅8] out of 10). Overall, 250 (93%) of the 268 partic
ipants who completed the survey would recommend the 
programme to others, and 194 (72%) stated they intended to 
continue participation in yoga after trial completion.

Discussion
The SAGE yoga programme was delivered by experienced, 
specially trained yoga instructors, mostly through live 
online sessions. We found moderate adherence rates 
among participants, despite the lengthy 40-week interven
tion period and the challenges and uncertainty posed by the 
COVID-19 pandemic. Unexpectedly, in this trial, partic
ipants undertaking the SAGE yoga programme (interven
tion group) had substantially more falls than participants 
assigned to the yoga relaxation programme (control group). 
The two groups did not differ significantly in the rate of 
injurious falls. Exploratory prespecified subgroup analyses 
suggested larger (more harmful) effects of the intervention 
on fall rates in participants with no history of falls; high 
physical activity; and good, very good, or excellent self- 
reported balance ability. The SAGE yoga programme 
increased overall planned physical activity, improved bal
ance confidence, and promoted better mobility goal 
attainment. No significant differences were found for other 
secondary outcomes, including total physical activity. Par
ticipants reported enjoying the intervention and perceiving 
physical and mental health improvements. Our study 

demonstrates the importance of conducting well designed 
trials with adequate statistical power to comprehensively 
investigate the effectiveness of a specific type of physical 
activity for preventing falls and how we can improve on 
current practice models. Below, we integrate our findings 
with the broader fall prevention literature and discuss how 
our unexpected outcomes might inform future research 
and practice.

The large sample of community-dwelling older people 
(n=700) and long follow-up (12 months) make this study the 
first robustly conducted trial designed to evaluate the effect 
of yoga on falls. Only one recently published yoga33 trial 
involving a large sample of older people (n=454) exists with 
which to compare our results. This trial investigated the 
effect of chair-based yoga on falls in older people with 
multiple long-term conditions as a secondary outcome and 
found a higher incidence of falls in the intervention group 
than in the control group. Although the between-group 
difference was not statistically significant (IRR 1⋅38 
[95% CI 0⋅95–2⋅01]; p=0⋅09), the IRR point estimate was 

Poor or fair

Good, very good, or excellent

>35 h per week

20–35 h per week

<20 h per week

One or more falls

No falls

0·5 1·0 2·0 3·0

IRR (95% CI)

History of falls in the past year

Total physical activity from IPEQ

Self-reported balance ability

Figure 2: Effects of intervention by subgroups categorised by history of falls, physical activity, and self-reported 
balance at baseline 
Data are IRR (95% CI). IRR=incidence rate ratio. IPEQ=Incidental and Planned Exercise Questionnaire.

Control group 
(n=350)

Intervention 
group (n=350)

IRR or RR 
(95% CI)

p value

Number of participants who contributed falls data* 309 (88%) 340 (97%) ⋅⋅ ⋅⋅
Number of person-years of follow-up† 256 317 ⋅⋅ ⋅⋅
Number of falls reported 164 276 ⋅⋅ ⋅⋅
Participants having one or more falls 102/350 (29%) 143/350 (41%) RR 1⋅27 (1⋅04–1⋅55) 0⋅020

Participants with one fall 67/350 (19%) 86/350 (25%) ⋅⋅ ⋅⋅
Participants with two or three falls 28/350 (8%) 48/350 (14%) ⋅⋅ ⋅⋅
Participants with four or more falls 7/350 (2%) 9/350 (3%) ⋅⋅ ⋅⋅

Falls, rate per person-year‡ 0⋅64 0⋅87 IRR 1⋅33 (1⋅01–1⋅75) 0⋅044
Participants with one or more injurious fall 46/350 (13%) 53/350 (15%) RR 1⋅04 (0⋅73–1⋅50) 0⋅82
Injurious falls, rate per person-year§ 0⋅19 0⋅18 IRR 0⋅94 (0⋅64 to 1⋅38) 0⋅75

Data are n (%) or N/N (%), unless otherwise indicated. IRR=incidence rate ratio. RR=rate ratio. *Participants who provided at least one fall calendar. †Total time at risk contributed by 
all participants from randomisation until end of follow-up, loss to follow-up, or death. ‡Rate calculated as the total number of falls reported divided by months of follow-up. §An 
injurious fall was considered injurious if it resulted in cuts, grazes, dislocation, sprain, fracture, or traumatic brain injury.

Table 3: Fall outcomes at 12 months
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similar to that of our study (IRR 1⋅33 [1⋅01–1⋅75]; p=0⋅04). 
The significant between-group difference observed in our 
trial could be attributed to the larger sample size, which 
provided more statistical power to detect differences 
between groups. Two previous trials also investigated the 
effect of yoga on falls in older people and reported no sig
nificant fall reduction compared with usual care or home 
relaxation exercises.34,35 However, they used small samples 
(n=33 and n=38 participants) and a short intervention 
(8 weeks and 14 weeks). The limited research on yoga’s 
effect on falls might be due to the complexity of conducting 
studies in the fall prevention area, which requires large 
sample sizes (at least 500 participants for sufficient power), 
extended data collection periods, and managing a 
population prone to dropouts.36

Our unexpected finding of a significant increase in falls in 
the intervention group contradicts our hypothesis, based on 
previous systematic reviews, that yoga would reduce 
falls.11,12 We offer several possible explanations for this 
counterintuitive outcome. First, the improved mobility goal 
attainment and confidence in balance might have encour
aged participants to engage in a wider range of physical 
activities and at greater intensity, potentially exposing them 
to higher fall-risk situations. A previous study linked 
behavioural risk to future falls, with higher fall rates 
observed in individuals who overestimated their physical 
abilities and took undue risks.37 This observation might also 
help explain our subgroup analysis finding that participants 
with no history of falls and higher levels of physical activity 
had higher fall rates than their less active counterparts after 
the intervention. To help participants safely manage 
increased physical activity, future iterations of the pro
gramme might need to include discussion and education 
about safe mobility. Second, intervention participants had 
greater mobility goal attainment, greater planned physical 
activity (perhaps because of the time spent undertaking 
yoga), and modestly enhanced balance confidence, without 
an obvious increase in physical function (eg, Late Life 
Function and Disability Instrument scores unchanged). 
Participants might have felt more confident and motivated 
to be active, but could have lacked the increased physical 
capacity needed to prevent or recover from a fall. It is also 
possible that the predominantly online delivery mode of the 
SAGE programme prioritised safety over introducing more 
physically challenging exercises, facilitating this discon
nect. The process evaluation identified that some partic
ipants exerted less effort in online classes due to reduced 
instructor oversight, and instructors noted slower progress, 
with some balance postures not achieved.22,24 Future 
research should investigate the effect of in-person yoga on 
falls and include objective measures of balance and physical 
function. Third, the SAGE yoga programme’s foundation 
in the Iyengar style, emphasising static postures, differs 
from most successful fall prevention interventions that 
have targeted dynamic balance and functional activities, 
and included fall prevention advice.38–40 Fourth, while we 
chose an active control involving seated stretching and 

relaxation techniques with the expectation of minimal 
impact on fall risk, participation in the yoga relaxation 
programme might have influenced the control group’s 
physical function parameters. Previous systematic reviews 
indicate that a stretching control group might improve 
balance and knee strength.41 Therefore, we might have 
inadvertently reduced the potential for added benefit in the 
intervention compared with the control group.

The strengths of this study are that it is a large and 
appropriately powered, pragmatic trial testing the effect of a 
yoga-based programme on falls. We incorporated broad 
inclusion criteria, a robust randomised controlled design 
with a prospectively registered protocol, a relatively long 
intervention (12 months), and the recommended method 
for collecting fall data.25 We used methods designed to 
reduce risk of bias, such as a concealed random allocation, 
masked research staff to collect details about reported falls, 
an intention-to-treat approach, a prospectively registered 
statistical analysis plan, and prespecified subgroup ana
lyses. We achieved an outstanding recruitment rate due to 
the high level of interest in the study, recruiting 700 par
ticipants in approximately 2 years during a global pan
demic. We had to turn away 1372 potential participants 
after reaching our recruitment goal, demonstrating the 
popularity of yoga among older people.

Our study had several limitations. Although we followed 
the recommended procedure of monthly calendars for 
collecting the falls data,25 this method relies on self-report, 
which is prone to recall and response bias.42 Another limi
tation is that due to the nature of physical activity trials, 
masking of participants and intervention providers was not 
possible, potentially introducing bias by expectation and 
affecting participants’ behaviour and responses to subject
ive outcome measures.43 However, research staff who col
lected fall details and followed up on missing data were 
masked to group allocation. Although our recruitment 
covered a range of rural and urban areas of Australia and 
applied few exclusion criteria, resulting in access to a gen
erally representative community-dwelling older popula
tion, our participants had no English difficulties, were 
relatively young (mean age 67 [SD 5⋅2]), highly educated, 
more physically active, and generally in better health than 
the broader population, which potentially affects general
isability. More targeted recruitment strategies are needed to 
reach a more diverse and representative population. 
Another limitation is that adherence to the unsupervised 
yoga sessions was not monitored, which might have 
influenced the total intervention dose received. Adherence 
in the control group was also not tracked. However, because 
the control workshops focused solely on breathing and 
seated exercises, any variation in adherence is unlikely to 
have meaningfully affected the primary outcome of falls. 
Awareness of group allocation also introduced potential for 
reporting and performance bias44—issues common in 
exercise-based trials where participant masking is not 
feasible. Control group participants, aware they were not 
receiving the yoga intervention and receiving only two 
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workshops and less interaction, might have been less 
engaged and thus under-reported falls or other outcomes. 
Moreover, although instructed not to participate in yoga 
classes during the trial, some control participants might 
have done so, thereby affecting the trial outcomes. These 
factors reflect the inherent challenges in delivering and 
evaluating exercise-based interventions in a real-world 
setting. A further limitation is that the IPEQ question
naire does not differentiate between types of planned 
physical activity, such as yoga classes delivered as part of 
the intervention and other forms of planned exercise. As 
such, the observed increase in planned physical activity is 
likely to reflect participants’ attendance at the yoga classes, 
rather than engagement in additional new activities. 
Finally, we did not use objective measures of balance or 
physical function, limiting the reliability of assessments of 
the effect of these indicators. However, there is no basis 
for assuming that there would be any systematic differ
ence in the subjective assessment obtained between 
intervention and control groups.

In conclusion, our findings do not support recommend
ing this Iyengar yoga-based programme to prevent falls in 
its current form. However, the adherence to the interven
tion was moderate, and there was a high level of interest in 
the study. These encouraging rates show that yoga is an 
enjoyable and appealing intervention among older people. 
Therefore, it is worth investigating the effect of different 
types of yoga that include more dynamic balance and the 
effect of including additional fall prevention advice. Further 
research investigating face-to-face yoga and including an 
objective measure of balance and physical function is 
needed.
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