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Abstract
Falls have negative consequences for older adults, but falls can be reduced through
interventions that target the reduction of fall risk factors. Cognitive behavioral education
programs and therapeutic yoga are two interventions that have independently been used as
a means to reduce the risk of falls. The purpose of this study was to determine if adding
therapeutic yoga following an education intervention improved well known fall risk factors.
Potential participants were recruited through a senior center for a 12-week fall prevention
program that consisted of four weeks of an evidence-informed educational program and
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eight weeks of therapeutic yoga. Physical performance measures and psychosocial
constructs were tested at baseline (T1), between the education intervention and yoga (T2),
and after yoga (T3). Physical performance measures included the chair stand test to assess
lower-body strength, the Timed Up-and-Go to assess agility and dynamic balance, and the
Fullerton Advanced Balance Scale to assess static and dynamic balance. Psychosocial surveys
included the University of Illinois at Chicago Fear of Falling to assess fear of falling, the
Leisure Constraints Scale to assess constraints to physical activity, and the Activities Balance
Confidence Scale, to assess perceived balance ability. A repeated measures test was used to
determine if any significant changes in fall risk factors occurred. There were significant
improvements in balance confidence after education, in agility and dynamic balance after
yoga, and in fear of falling across the full 12-week intervention. Adding therapeutic yoga
following education improved more outcomes than education alone and this combined
intervention warrants further exploration as a fall risk reduction strategy.
Keywords
Fall risk reduction; rehabilitation therapy; yoga; education

1. Introduction
Falls are the leading cause of both fatal and nonfatal injuries for individuals over the age of 65
years [1]. Each year, more than 33% of older adults fall, and of those who fall 66% will have a
repeated fall within six months [2]. Therefore, it is important to address fall risk factors in older
adults.
Fall risk factors in older adults may be classified as intrinsic or extrinsic [3]. Intrinsic risk factors
are considered to be within each individual and may include strength, and balance; or
psychosocial factors (i.e., fear of falling (FoF), balance confidence, and perceived constraints to
activity participation). Strength, particularly poor lower-body strength has been associated with
higher rates of falls in older adults [4]. Balance is also an important and modifiable fall risk factor.
Impaired balance has been demonstrated in 20-50% of older adults, and individuals with impaired
balance have a three-fold increased risk of falls [5, 6]. It is also imperative to address the
psychosocial intrinsic fall risk factors, as they are important predictors of well-being. For example,
FoF is prevalent in 20% to 60% of community-dwelling older adults [7, 8], is one of the most
common consequences of a fall, and may even occur without a fall. FoF alone may lead to a
reduced ability to complete activities of daily living and diminished participation in meaningful
social and leisure activities [9]. Extrinsic risk factors are found within an individual’s environment
and include home hazards (i.e., clutter, broken stairs) or poorly maintained neighborhood
structures (i.e., cracked sidewalks, poorly lit areas) [3].
Improvements in intrinsic and extrinsic fall risk factors are important in preventing future falls
in older adults. Impairment in any of these areas may be common, especially in older adults who
are frail [10]. Current guidelines for fall prevention suggest that a multifactorial approach targeting
both intrinsic and extrinsic risk factors may be most effective for preventing falls in community-
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dwelling older adults. While balance and endurance training without education has improved
physical performance, it has not been shown to be effective in reducing falls [11, 12].
Cognitive behavioral educational programs have been demonstrated to reduce extrinsic fall risk
factors [13]. Common elements of educational programs include addressing extrinsic fall-related
risk factors, unhelpful beliefs (intrinsic fall risk factors) regarding falls, how to discuss fall risks with
healthcare providers, and education about simple low-impact exercises that can build strength [13,
14].
Therapeutic yoga has been suggested to rehabilitation therapists to assist their patients in
improving intrinsic fall risk factors of strength, balance, FoF, and activity constraints [15]. Yoga
consists of several combined elements, including physical postures (asanas), intentional breath
control (pranayama), and meditation (dhyana). Research suggests that yoga leads to
improvements in many intrinsic fall risk factors, including lower body strength, balance, FoF,
balance confidence, and activity constraints in a variety of populations [15-25].
While education and yoga have individually demonstrated positive outcomes for fall risk
reduction, combining the two interventions may have a greater impact on reducing fall risk factors
than education only. A previous study combined an education intervention with Tai Chi and found
significantly improved scores on a FoF measure and improved mobility in the combined group
than either intervention alone [26]. Additionally, yoga has previously been combined with
psychoeducational interventions for adults recovering from a stroke and the results indicated this
approach was feasible and more beneficial than either intervention alone [27]. Therefore, the
hypothesis that guided this study was that education followed by therapeutic yoga would have a
greater impact on intrinsic fall risk factors than education alone for community-dwelling older
adults.
2. Materials and Methods
Using a repeated measures design, this single arm study examined changes in select intrinsic
fall risk factors among participants enrolled in a 12-week intervention, with measures taken at
pre-education (T1, baseline), post-education (T2, four weeks), and post-yoga (T3, 12 weeks).
The study sample consisted of older adults who resided in a rural, south-eastern county in the
United States and the study occurred at a local senior center. To be eligible for the study,
participants must have: been 65 or older and able to speak English, scored three or higher on the
Mini-COG, and answered no to all questions on the Physical Activity Readiness Questionnaire
(PAR-Q) or had physician approval (details on both measures in Data Collection). Potential
participants were excluded if they were enrolled in hospice, were currently enrolled in another
research study, or had unmanaged hypertension. Those who met inclusion/exclusion criteria were
asked to complete all measures.
This research was approved by an IRB awarding institution on April 27, 2018 (Project
identification code: Pro00074890).
2.1 Intervention
The 12-week intervention included eight bi-weekly sessions (four weeks) of the education
program, and 16 bi-weekly sessions (eight weeks) of an evidence-based therapeutic yoga
intervention led by either a certified yoga therapist (C-IAYT) or registered yoga teacher (RYT-500).
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The evidence informed educational classes were two-hour face-to-face sessions twice per week
[13].
The therapeutic yoga sequence was originally developed by a yoga therapist to progressively
challenge static and dynamic balance, and has previously demonstrated to be effective for
improving balance in older adults [19]. Each 50-minute group-based yoga session contained the
following components: a brief meditation (dhyana), breathwork (pranayama), and physical
postures (asana). Each week the challenge level was increased either by introducing new postures,
increasing repetitions, or holding postures for longer.
2.2 Data Collection
Demographic information collected included gender, race, marital status, and education level.
At each data collection point participants reported the number of falls they had experienced in the
past six months and identified their most recent fall. Two screeners were used to ensure minimal
cognitive and physical ability to safely participate in the study. To assess changes in intrinsic fall
risk factors, the physical performance measures included the Chair Stand Test, Timed Up and Go,
and the Fullerton Advanced Balance Scale, and the psychosocial assessments included the
University of Illinois Fear of Falling measure, Activity Specific Balance Confidence Scale, and the
Leisure Constraints Scale.
2.3 Screeners
The Mini-COG was used as a screener for cognitive impairment in older adults, and participants
who scored less than three were excluded due to the need for additional screening for cognitive
impairments [28].
The PAR-Q is a screening tool commonly used before individuals begin engaging in regular
physical activity [29]. If a participant answered ‘yes’ to one of the PAR-Q questions or presented
with unmanaged high blood pressure, they were required to get physician consent to participate.
2.4 Outcome Measures
Three physical performance assessments evaluated lower body strength, agility and dynamic
balance, and balance respectively. Three psychosocial measures assessed fall-related fears,
balance confidence, and constraints associated with participation in physical activity.
2.4.1 Chair Stand Test (CST)
The CST assesses lower-body strength by having a participant repeatedly stand from a seated
position for 30 seconds or until they are not able to stand in a full upright position [30]. Higher
scores on the test suggest greater lower-body strength and indicate lower risk for falls [31].
2.4.2 Timed Up and Go (TUG)
The TUG assesses agility, and dynamic balance by timing how long it takes a participant to
stand from a chair, walk three meters around a cone, and return to a seated position [30]. The
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score is recorded in seconds and a lower score indicates better agility and dynamic balance. Older
adults who take > 12 seconds to complete the test are at increased risk of falling [32, 33].
2.4.3 Fullerton Advanced Balance Scale (FAB)
The FAB assesses static and dynamic balance [34]. Scores for each of the 10 tasks are summed
and total scores range from 0-40 with a greater score being indicative of better balance and lower
fall risk. Approximately 70% of older adults who score <25 are at higher risk for falls and need
intervention [35].
2.4.4 The University of Illinois at Chicago Fear of Falling Measure (UI-FoF)
The UI-FoF was created to provide clinically meaningful descriptions of falling-related fears that
older adults experience in daily living [36]. The UI-FoF measure has 16 items measured with a fouritem scale that ranges from one (very worried) to four (not at all worried); total can range from 1664 with lower scores indicating a greater FoF.
2.4.5 Activities-Specific Balance Confidence Scale (ABC)
The ABC is a 16-item instrument in which participants rate their confidence in their ability to
perform various activities without losing balance or experiencing a sense of unsteadiness [9, 37].
Participants rate their confidence from 0% (no confidence) to 100% (complete confidence). Scores
from each item are averaged to create a composite score ranging from 0-100 with a higher score
indicating higher confidence.
2.4.6 Leisure Constraint Scale (LCS)
The LCS is a 21-item self-report survey that asks participants to indicate the extent to which
each of the constraints hinder their participation in leisure activities [38]. Participants respond
using a five-point Likert-type scale ranging from one (strongly agree) to five (strongly disagree).
Total LCS scores range from one to 105 with higher scores indicating fewer constraints.
2.5 Data Analysis
Quantitative data were analyzed using IBM Statistical Package for Social Sciences (SPSS) v.25.
Descriptive statistics were used to calculate the mean or frequency of demographic variables.
Normality was assessed for each outcome measure using a Shapiro-Wilk test. Each measure, for at
least one time point, had non-normally distributed data, so non-parametric tests were used for all
measures. To determine differences between those who completed the full intervention and
those who were lost to follow-up, Mann-Whitney U tests were used for interval data (age, body
mass index, and outcome measures).
Friedman’s test determined changes in functional ability over time. If Friedman’s test indicated
significant differences between time points, post-hoc analyses with Wilcoxon signed-rank tests
were conducted to determine which time points differed. A Bonferroni correction was applied
based on the number of measures included in the post-hoc analysis (p=.05/3) resulting in a
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significance level set at p<0.017. Percent change was calculated for each outcome measure
between time periods (T1-T2/T1x100, T2-T3/T3 x100, and T1-T3/T1 x 100).
For each physical measure participants were dichotomized into high and low fall risk categories
based on published clinical benchmarks adjusted for age and gender, and these were compared to
national norms at each period. Participants’ data were examined at each time period to see if
clinically important changes occurred on these measures over time. Mann-Whitney U tests were
conducted to find significant differences between intervention completion and high- versus lowrisk baseline clinical status.
3. Results
A total of 23 participants enrolled in the study, 21 participants completed the education portion
of the intervention (attended at least six out of eight (75%) education sessions and completed T1
and T2 assessments), and of those 21 participants 13 participants continued to complete the yoga
portion (attended both education and yoga 75% of the time) and completed assessments at T3 in
addition to those the assessments completed at T1 and T2). All participants were Caucasian with a
mean age of 76 6.69, (see Table 1 for group demographic information).
Scores from all three time points were compared using Friedman’s repeated measures test.
There were significant differences between scores for the TUG (p=0.005), UI-FoF (p=0.003), and
ABC (p<0.001) (see Table 2 for the repeated measures statistics). Post hoc analysis revealed: a
significant difference between T1 and T2 (before and after education) for balance confidence as
measured by the ABC (p=0.001); a significant difference between T2 and T3 (before and after yoga)
for dynamic balance as measured by the TUG (p=0.012); and a significant difference on UI-FoF
between T1 and T3 (see Table 3 for the post hoc statistics). According to the percent change
calculation (see Table 4 for the percent change for each measure), improvements occurred for
each measure between T1 and T2 except for the TUG and UI-FoF. From T2 to T3, there were
improvements in the TUG, FAB, UI-FoF, and LCS. Overall, from T1 to T3, each measure improved,
with the largest percent changes occurring in ABC, ACT, LCS, and UI-FoF. Overall, results support
our hypothesis that the combination of the two programs will have a positive impact on improving
functional fitness and balance confidence.
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Table 1 Demographic information between participants in the education intervention and
in education and yoga.
Finished education only (n=8)
Age
Gender
Female
Male
*Education
High school graduate
Some college
College graduate
Some post-graduate
Post-graduate degree
Marital status
Married
Widowed
Divorced
Separated
Self-rated health
Excellent
Very good
Fair
Poor
Employment status
Currently Work
Retired
External risk factors
Lives alone
Activities are limited
Stairs in home
Fall in past month
Clinical data
Systolic blood pressure
Diastolic blood pressure
Orthostatic hypotension
Height
Weight
Body mass index

75.63 ± 6.23

Finished education and yoga
(n=13)
76.00 ± 6.69

7 (87.5%)
1 (12.5%)

12 (92.3%)
1 (7.69%)

4 (50.00%)
2 (25.00%)
0 (0.00%)
1 (12.5%)
1 (12.5%)

2 (15.38%)
2 (15.38%)
1 (7.69%)
0 (0.00%)
8 (61.54%)

7(87.50%)
0 (0.00%)
1(12.50%)
0 (0.00%)

c
5 (38.46%)
1 (7.69%)
1 (7.69%)

1 (12.50%)
5 (62.50%)
2 (25.00%)
0 (0.00%)

2 (15.38%)
9 (69.23%)
2 (15.38%)
0 (0.00%)

2 (25.00%)
6 (75.00%)

2 (25.00%)
7 (53.85%)

1(12.50%)
2 (25.00%)
7(87.50%)
2 (25.00%)

6 (46.15%)
5 (38.46%)
9 (69.23%)
2 (15.38%)

127.50±11.50
76.50±11.14
0 (0.00%)
64.26±2.68
184.58±23.61
31.38±2.98

125.38±10.05
76.15±6.61
0 (0.00%)
63.86±2.51
180.09±42.68
31.14±7.76

*Significantly different between groups at the .05 level using a Mann-Whitney U test.
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Table 2 Psychosocial and Functional assessment mean scores across time in education
and yoga participants.
Measure
(Construct)
Chair Stand Test (CST)
(Lower body strength)
*Timed Up and Go (TUG)
(Agility and dynamic balance)
Fullerton Advanced Balance
Scale (FAB)
(Static and dynamic balance)
*University of Illinois at
Chicago Fear of Falling (UIFoF)
(Fear of falling)
*Activity Balance Confidence
Scale (ABC)
(Balance confidence)
Leisure Constraints Scale (LCS)
(constraints to physical
activity)

T1 Mean ±SD
(n=23)
9.83 ±3.01
9.80 ±3.20

T2 Mean ±SD T3 Mean ±SD Chi square, (df)
(n=21)
(n=13)
11.08 ± 3.20 10.25 ±4.39
χ2=4.378 (2),
p=.112
2
10.43 ± 3.16
8.79 ±3.37
χ =10.750 (2),
p=.005

28.50 ±6.17

28.83 ±9.37

29.17 ±7.48

χ2=.174 (2),
p=.917

47.91 ±11.34

47.27 ±19.09

53.91 ±9.84

χ2=11.561 (2),
p=.003

65.11 ±32.66

90.03 ±27.48

87.44 ±12.76

χ2=16.884 (2),
p=.000

35.55 ±10.95

31.55 ±8.89

30.45 ±9.89

χ2=3.951 (2),
p=.139

*significant at the p<.05 value using the Friedman’s repeated measures test. T1= assessments at baseline,
T2=assessments at four weeks between the end of the education intervention and the start of yoga. T3=
assessments at 12 weeks after completion of both the education intervention and Yoga.

Table 3 Post hoc analysis with Wilcoxon’s signed-rank test.
Variable
Timed Up and Go (TUG)
(Agility and dynamic balance)
University of Illinois at Chicago Fear
of Falling (UI-FoF)
(Fear of falling)
Activity Balance Confidence Scale
(ABC) (Balance confidence)

T1:T2

T2:T3

T1:T3

Z=-1.817, p=.069

*Z=-2.521,
p=.012

*Z=-2.691,
p=.007

Z=-0.766, p=.444

Z=-1.663, p=.096

*Z=-2.805,
p=.005

*Z=-3.180,
p=.001

Z=-.306, p=.760

*Z=-3.065,
p=.002

*significant at the p<.017 level using a post-hoc Bonferroni Correction. T1= assessments at baseline,
T2=assessments at four weeks at the end of an education and before therapeutic yoga. T3= assessments at 12
weeks after both education and therapeutic yoga.
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Table 4 Percent change of psychosocial and functional assessments mean scores across
three time points.
Variable

T1:T2

T2:T3

T1:T3

Chair Stand Test (CST)
(Lower body strength)
Timed Up and Go
(TUG)
(Agility and dynamic
balance)
Fullerton Advanced
Balance Scale (FAB)
(Static and dynamic
balance)
University of Illinois at
Chicago Fear of Falling
(UI-FoF)
(Fear of falling)
Activity Balance
Confidence (ABC)
(Balance confidence)
Leisure Constraints
Scale (LCS)
(constraints to
physical activity)

+12.72%

-7.49%

+4.27%

-6.43%

+15.72%

+10.31%

+1.16%

+1.18%

+2.35%

-1.34%

+12.31%

+12.52%

+38.27%

-2.87%

+34.30%

+11.25%

+3.49%

+14.35%

+indicates improvement, -indicates decline, T1= assessments at baseline, T2=assessments at four weeks
between education and yoga. T3= assessments at 12 weeks after both education and Yoga.

Additional analysis with Mann-Whitney U tests were run with demographic information and
baseline scores and revealed significant differences in marital status (Z=-2.22, p=.026), living
arrangement (Z=-2.08, p=.037) and balance (Z=-2.55, p=.011) between those who did and did not
complete the intervention. The participants completing the full intervention were more commonly
widowed and living alone than those who only completed education. Those who completed the
full intervention had significantly better balance at baseline (M=29.42±6.26) than those who did
not complete the full intervention (M=20.00±11.59). Tracking clinically important changes
revealed improvement among some individuals and decline among others (see Table 5 for a
description of the number of people who were clinically at risk based on physical performance
scores).
Finally, clinically significant changes were tracked throughout both interventions. Overall 11
participants experienced a clinically significant change in fall risk factors with four of these changes
occurring during the yoga portion (see Table 5).
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Table 5 Number of education and yoga participants at a higher risk of falls at each
assessment time point.
Measure

T1

T2

T3

# people
T1:T2
(n=21)
Improved: 4
No change: 3
Decline: 0

# people I
T2:T3
(n=12)
Improved: 1
No change: 1
Decline: 0
Lost to followup: 4

Timed Up and
Go (Agility
and dynamic
balance)

5 /22

5/21

1/13

Chair Stand
Test (Lower
body
strength)

10/22

7/21

3/13

Improved: 3
No change: 17
Declined: 0

Improved: 1
No change: 8
Decline: 0
Lost to followup: 9

Fullerton
Advanced
Balance Scale
(Static and
dynamic
balance)

5/22

9/21

3/13

Improved: 0
No change: 2
Declined: 6
Lost to followup: 1

Improved: 2
No change: 2
Decline: 0
Lost to followup: 5

# people
T1:T3
(n=12)
Improved: 1
No
changes: 3
Decline: 0
Lost to
follow-up: 3
Improved: 1
No change:
2
Decline: 1
Lost to
follow-up: 6
Improved: 0
No change:
2
Decline: 1
Lost to
follow-up: 3

T1=baseline, T2=week 4, between educational program and yoga, T3=week 12 after educational program and
yoga were both complete.

4. Discussion
The purpose of this study was to evaluate if education followed by therapeutic yoga had a
greater impact on intrinsic fall risk factors than education alone. There was a significant
improvement in balance confidence (as measured by the ABC) before and after the education
intervention, a significant improvement in agility and dynamic balance (as measured by the TUG)
before and after the yoga intervention, and FoF (as measured by the UI-FOF) was improved only
through combining education and yoga (between T1 and T3). The extension of the education
program to include yoga provided greater improvements for study participants in agility, dynamic
balance, and FoF.
These findings corroborate the findings of a meta-analysis by Chang et al. [39] who reported
that multifactorial interventions reduced falls and risk of falls. While the present study did not
track falls after the intervention was complete, the improvement of intrinsic fall risk factors
support the findings by Chang et al [39]. These findings indicate that practitioners should consider
using these two interventions to achieve a greater impact on the functional fitness and balance
confidence of older adults. These study results also corroborate findings in a study by Schmid et al.
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who found that an intervention that merged yoga and a different fall prevention education led to
better improvements in people with chronic stroke, than either yoga or education alone [27].
Results indicated that individuals who were widowed, lived alone and had better balance, were
more likely to complete this study than individuals who were married or lived with others, or had
lower balance. Results contradict the evidence reported by Murray et al. [40], who found that the
absence of a partner was predictive of low engagement in lifestyle behavior change programs.
However, Murray et al. also reported that individuals with high levels of social support were likely
to engage in more exercise, thus, it is possible that the study participants experienced strong
support from the group or from their membership at this senior center, potentially increasing their
participation in the intervention.
Although not significant, participants experienced benefits in lower body strength, static
balance, and constraints to physical activity. Notable is the clinically significant reduction in fall risk
factors noted through both interventions (see Table 5). During the education intervention and
yoga there were 11 participants who had a clinically significant improvement in functioning.
Additionally, it seems perhaps yoga may have helped participants maintain balance; six
participants digressed in balance throughout the education portion of the intervention, while
participants were able to maintain balance during the yoga section of the study.
5. Limitations
As with any study, limitations exist. There was a high attrition rate, potentially due to the length
of the intervention. Future research should explore if merging the interventions (rather than
combining them sequentially) would help reduce attrition and produce greater changes in the
clinical risks for falls. Additionally, it is difficult to tell how the high attrition rate may have
impacted overall improvement, especially considering people with lower balance were less likely
to complete the full intervention. Coe and colleagues [41] found that community-dwelling older
adults were more likely to complete an education intervention than Tai Chi, likely due to the
shorter intervention period of the education intervention. In a study that merged education and
yoga for stroke survivors, Schmid et al provided 16 sessions over eight weeks and each session
included both education and yoga. Merging the interventions may make both programs more
accessible for study participants to complete [27]. This study did not utilize a control group as this
was a preliminary study to explore if combining these two interventions sequentially yielded
positive outcomes. It is possible that the increased attention the study participants received had
an impact on the outcome measures and this should be explored in a larger study that uses an
active control. Additionally, it is difficult to know if the benefits that occurred with yoga were
specific to yoga or simply to a longer intervention. The sample size itself was too small to be fully
representative for the elderly population, and results cannot be generalized. The yoga
intervention implemented in this study was implemented at a very basic skill level. This may have
been more beneficial for individuals who experience high levels of fear of falling or activity
constraints, but less beneficial for individuals who have high levels of dynamic balance and low
levels of fear of falling. Finally, more evidence is needed to determine if reducing fall risk factors
translates to decreased rates of falls [16]. This type of nuance should be explored in greater detail
in future studies.
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