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Individuals with Parkinson’s Disease (PD) experience significant limitations in motor function, functional gait, postural stability,
and balance.These limitations often lead to higher incidences of falls, which have significant complications for individuals with PD.
Yoga may improve these functional deficits in individuals with PD. The objective of this study was to determine changes in motor
function, functional gait, postural stability, and balance control for community dwelling individuals with PD. This randomized,
wait-list controlled pilot study examined the influence of an 8-week yoga intervention for people with PD who met the following
inclusion criteria: endorsing a fear of falling, being able to speak English, scoring 4/6 on the minimental state exam, and being
willing to attend the intervention twice weekly for 8-weeks. Participants in the yoga group (n=15) experienced improvements in
motor function, postural stability, functional gait, and freezing gait, as well as reductions in fall risk. Participants in the wait-list
control (n=12) also significantly improved in postural stability, although their fall riskwas not reduced. Individuals in the yoga group
significantly reduced their fall risk. An 8-week yoga intervention may reduce fall risk and improve postural stability, and functional
and freezing gait in individuals with PD. This clinical trial is registered as protocol record Pro00041068 in clinicaltrials.gov.

1. Introduction

In the United States, one million people live with Parkinson’s
Disease (PD) [1]. Individuals with PD experience substantial
functional limitations, specifically in the areas of motor func-
tion, functional gait, postural stability, and balance control
[2]. Some individuals with PD also experience freezing gait,
a phenomenon described as “a brief, episodic absence or
marked reduction of forward progression of the feet despite
the intention towalk” [3]. Freezing gait can exacerbatemobil-
ity impairments and leads to reductions in independence
and falls. As gait and balance become more problematic,
with or without freezing gait, fall rates increase and indi-
viduals develop a fear of falling (FoF), which cascades into
reduced participation in life and family roles and diminished

recreation participation and is often associated with mental
health concerns [4–6]. A recent study found that over 70%
of individuals with PD fell within a given year [7]. While
there are pharmacological interventions for some symptoms
related to PD, often these are insufficient for improvingmotor
function, balance control, postural stability, and freezing of
gait [8]. Further, falls lead to serious and costly secondary
complications, such as increasedmortality, fractures, medical
costs, and reduced QoL [9–11].

Consequently, there remains a critical need for innovative
programming designed to specifically address fall reductions
in people with PD [12]. Balance control is recognized as a
complex process that requires an integration of the brain
and multiple body systems [13], thus an intervention capable
of effectively connecting the brain (mind) and body while
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targeting multiple body systems has significant potential to
improve balance. Yoga is a well-established intervention,
known to connect the mind and body, to address multiple
systems, and to significantly improve overall balance in
people with impaired balance [14–16]. Yoga is a comple-
mentary health approach [17]; it is becoming more common
for patients to ask their physicians and rehabilitation thera-
pists about complementary and integrative health treatment
options [18]. This is often due to concerns regarding costs
of conventional medicine, increased side effects from med-
ications, or an attempt to avoid medications or surgery [18].
Integrative health treatment options are frequently lower in
cost, have minimal physical and emotional risks, and allow
people to take a more active role in their treatment [18].

The practice of Hatha yoga has potential to improve
the functional deficits and challenges associated with PD.
Hatha yoga is a discipline originating in India and consists of
postures (asanas), diaphragmatic breathing (pranayama), and
meditation (dhyana) [19]. Hatha yoga is considered the foun-
dation of all other yoga practices; therefore, we refer to Hatha
yoga in this intervention simply as ‘yoga’ throughout the rest
of the text. Although the exact mechanism is unknown, evi-
dence suggests that the combination of postures and breath-
ing ismost beneficial when they are utilized together [20] and
is considered to produce different effects than simple exercise
[21]. Because of the active mind-body component, yoga may
bemore therapeutic than traditional exercise [22–26].During
yoga, the mind is encouraged to focus on what is occurring
in the body and where the body is in space, increasing both
awareness and proprioception.The practice of yoga has been
associated with improved balance, body alignment, agility,
flexibility, strength, overall fitness, endurance, relaxation, and
mental and emotional well-being [21, 27–30]. Yoga includes
stretching and prolonged physical postures which lengthen
major muscle groups and activates the stretch receptors in
muscles, ligaments, and joints, leading to improved physical
strength and flexibility [27, 29]. The development and test-
ing of yoga-based interventions may significantly improve
functional gait, mobility, and balance, and decrease fall rates
for people with PD. Thus, the objective of this study was to
examine the functional changes in motor function, balance
control, postural stability, and freezing of gait that occur
following an 8-week yoga intervention for people with PD.

2. Methods

This is the primary paper from a randomized, wait-list con-
trolled pilot study of an 8-week yoga intervention designed
to increase motor function, balance control, postural sta-
bility, and freezing of gait individuals with PD. The study
was conducted in partnership between a neurology clinic
that employs neurologists trained as Movement Disorder
Specialists and a midsize university in the Southeastern
United States, and it was approved by the local institutional
review boards. All subjects signed the informed consent prior
to participation in the study. Recruitment ended after 30
individuals were enrolled in the study. Recruitment ended
after 30 individuals were enrolled in the study.

To be included in this study, individuals had to have
a diagnosis of PD with a rating of 1.5-3 on the Modified
Hoehn and Yahr Scale of Parkinson’s Disease Progression
[31]; endorse a FoF [32]; be able to stand and walk 10 meters
with or without an assistive device; be ≥18 years old; be able
to speak English; score ≥4 out of 6 on the short Minimental
Status Exam [33]; and be able and willing to attend twice
weekly sessions for 8 weeks. Individuals were excluded if
they self-reported life expectancy <12 months; identified
an inability to attend sessions due to transportation issues;
were currently receiving physical therapy or enrolled in an
intervention study; or were unable or refused to provide
informed consent.

Potential participants were identified by the research
staff of the neurology clinic, and the project coordinator
conducted phone calls to assess interest and potential eligi-
bility. Once individuals were determined to meet eligibility
criteria, individuals completed all pretests at the neurology
clinic and were subsequently randomly assigned to the
experimental (yoga) or wait-list control group in a 2:1 fashion
(SAS version 9.3 PROC SURVEYSELECT) by the blinded
statistician. The statistician provided group assignments to
the principal investigator in sequentially numbered envelopes
for distribution following baseline testing. See Figure 1 for the
Consort diagram that displays the randomization and group
assignment for the study. Each participant was given a $25 gift
card for completing the final testing period.

2.1. Experimental Group. The participants randomized to
the yoga group received a yoga intervention that included
controlled dynamic postures connected to specific breathing
patterns. The yoga classes were delivered by a certified yoga
therapist (C-IAYT) in a standardized progression twice per
week for 8 weeks. The yoga intervention included modified
yoga postures in sitting, standing, and supine positions as
well as pranayama (breath work) and dhyana (meditation).
All yoga sessions ended with approximately 10 minutes of
relaxation (savasana). Eye pillows, which were given to the
participants following conclusion of the study, were used
during relaxation in supine resting position. Participants
in the group were tested at baseline (T1) and immediately
following the intervention (T2).

2.2. Wait-List Control. Those assigned to the wait-list control
(WLC) were tested at baseline (T1) and 8 (T2) weeks with-
out receiving the yoga intervention and were subsequently
offered the yoga intervention, although the data presented
here are from the WLC condition (T1 and T2).

2.3. Data Collection. Demographics, including age, gender,
level of family, and social support, were collected at T1. Other
measures were chosen from Parkinson’s Evaluation Database
to Guide Effectiveness Taskforce recommendations for use in
evaluating physical functioning in PD.

The Movement Disorders Society-Sponsored Revision of
the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
motor exam (Part III) was administered primarily by MDS-
trained physicians. In a few cases, a physical therapist (PT)
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Figure 1: Consort diagram.

that had received extensive training by a MDS-trained study
neurologist administered the UPDRS motor exam. Each
exam administered by the physical therapist was videotaped,
reviewed, and scored by one of the study neurologists. The
neurologists and physical therapist were blinded to group
assignment. The UPDRS is the gold standard in measuring
PD symptoms [34], and the motor exam consists of 18 motor
tasks [35].

The Modified Hoehn and Yahr Scale describes the symp-
toms of PD progression in stages ranging from 0 (no signs
of disease) to 5 (dependent on a wheelchair or bedridden
unless aided) [31]. Progression on Hoehn and Yahr has been

correlated with motor decline and worse QoL in individuals
with PD and captures the overall pattern of impairments in
motor function, regardless of treatment with dopaminergic
therapy [36].This assessmentwas conducted byMDS-trained
study neurologists.

TheMini-BESTest is a clinical balance assessment tool that
targets 4 balance control systems [5, 37]. The Mini-BESTest
contains 14 motor functional tests. The aggregate score is
reported here. The Mini-BESTest was administered by a
physical therapist who has been trained in the administration
of the tool. This assessment has been found to have excellent
test-retest reliability and inter/intrarater reliability [38], as
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Table 1: Demographics.

Yoga
(N=15)

WLC
(N=12) Total

Age (Mean (SD)) 65.53 (6.09) 70.5 (4.44) 67.74 (5.89)
Gender (% (N))

Male 66.67% (10) 58.33% (7) 62.96% (17)
Female 33.33% (5) 41.67% (5) 37.04% (10)

Marital Status (% (n))
Married 86.67% (13) 91.67% (11) 88.89% (24)
Widowed 0% (0) 8.33% (1) 3.70% (1)
Divorced or separated 13.34% (2) 0% (0) 3.70% (2)

Race (% (n))
White 100% (15) 100% (12) 100% (27)

Education (% (n))
High school or less 6.67% (1) 0% (1) 3.70% (2)
College 60% (9) 25% (7) 18.52% (16)
Post-graduate 33.34% (5) 8.33% (4) 7.41% (9)

Overall Health (% (n))
Excellent or very good 66.67% (10) 0% (4) 3.70% (14)
Good 6.67% (1) 16.67% (2) 11.11% (3)
Fair or poor 26.67% (4) 41.67% (6) 33.33% (10)

well as strong content and construct validity [38, 39] in
PD.

Functional Gait Assessment (FGA) assesses postural sta-
bility during 10 walking tasks [40]. This scale was admin-
istered by the PT and contains 10 functional items. Each
item is scored on a 4-point scale, where 0= severe impaired
and 3= normal ambulation. The FGA has found to have
strong predictive and discriminative validity in a community
dwelling population of older adults [41] and in PD [38, 42–
44]. Test-retest and inter/intrarater reliability also considered
excellent in individuals with PD [38].

Freezing of Gait Questionnaire (FoG) is the only validated
tool to subjectively assess freezing gait, a common symptom
in individuals with PD [45]. This measure assesses frequency
of freezing of gait and disturbances in gait using 6 items,
where all items are answered on a 5-point scale, where
0= absence of symptoms and 5= most severe stage. Total
scores range from 0 to 24, and higher scores indicate greater
experience of freezing of gait. The FoG has demonstrated
excellent test-retest reliability [46] and excellent internal
consistency in PD [45, 46].

2.4. Data Analysis. Datawere analyzed using SAS version 9.3.
Descriptive statistics were used to examine the demographic
data. Means, standard error, and effect size (using Cohen’s d)
were calculated for all measures pre- and postintervention.
Effect size is considered small when d≥.20, medium when
d ≥.50, and large when ≥.80 [47]. A linear mixed effects
model was considered for each scale examining the change
from before to after for each group (fixed effect) whereby
individuals were treated as random effects. Linear contrasts
were used to estimate the change from before to after the

study period within each group and to compare intervention
and control groups. A significance level of 0.05 was used for
all tests of significance. Post hoc correlational analysis was
conducted to explore the data further. Hoehn and Yahr scores
were examined descriptively due to small sample size.

3. Results

Twenty-seven individuals completed the study, with 15 indi-
viduals randomized to the yoga group and 12 individuals
assigned to the WLC group. Demographics are available in
Table 1 and are summarized here. The mean age of partici-
pants was 67.75; themajority of participants weremale (63%),
married (89%), and white (100%), had a college education
(60%), and rated their health as excellent or very good (52%).

At the conclusion of the study, across group changes
were statistically significant for the FGA (t=2.27, p=0.03),
indicating greater functional gait in the experimental group
at the end of the yoga intervention, compared with theWLC.
This change had a large effect size of d=0.88. All across group
changes are displayed for each outcome measure in Table 2.

Within group mean changes are displayed in Table 3.
Motor function, as measured by the UPDRS, significantly
improved for the yoga group (t(14)=2.97, p=0.0102), but not
for the WLC. Improvements in postural stability were noted
on the Mini-BESTest (t(14)=-6.01, p<0.0001) in the yoga
group and the WLC (t(11=-4.30, p=.0012), while functional
gait improved only in the yoga group (t(14)=-6.67, p<0.0001).
Freezing of gait significantly improved for the yoga group
(t(14)=2.68, p=0.018) but not the WLC.

On the Mini-BESTest, there were statistically significant
improvements from T1 to T2 for the yoga group (average
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Table 2: Comparison of average change across groups.

Group Average Difference Between Groups (SE); t(df), p Effect size Cohen’s d
Yoga+ (n=15) Control+ (n=12)

UPDRS -6.40 (8.35) -1.17 (13.42) -5.23 (10.87); 0.48
t(25)=-1.24, p=0.2255

MINI 5.40 (3.48) 4.00 (3.22) 1.40 (3.37) t(25)=1.07, 0.42
p=0.2934

FGA 6.00 (3.48) 2.50 (4.54) 3.50 (3.99) t(25)=2.27, 0.88
p=0.0322

FoG -2.60 (3.76) -1.67 (3.11) -0.93 (3.49) t(25)=-0.69, 0.27
p=0.4961

+Average change (SD) in score from T1 to T2.
∗Least squares average difference between yoga and WLC groups in change from T1 to T2 from linear mixed effects analysis.
UPDRS denotes Unified Parkinson’s Disease Rating Scale and motor function; MINI denotes Mini-BESTest; FGA denotes Functional Gait Assessment; FoG
denotes freezing of gait Questionnaire.

Table 3: Comparison of change within yoga and wait-list control groups.

Yoga (n=15) Wait List Control (n=12)

Mean Pre
(SD)

Mean Post
(SD)

Average (Post-Pre)
Change (SE)+;

t(df), p
Cohen’s d Mean Pre

(SD)
Mean Post

(SD)

Average (Post-Pre)
Change (SE)+;

t(df), p
Cohen’s d

UPDRS 28.27
(14.89)

21.87
(15.16)

6.40 (8.35);
t(14)=2.97,
p=0.0102

0.76 31.58
(11.59)

30.42
(11.70)

1.17 (13.42);
t(11)=0.30,
p=0.7688

0.09

MINI 19.47
(9.70)

24.87
(7.79)

-5.40 (3.48);
t(14)=-6.01,
p<0.0001

1.55 15.92
(5.76)

19.92
(6.22)

-4.00 (3.22); t(11)
=-4.30,
p=0.0012

1.24

FGA 14.93
(8.07)

20.93
(8.04)

-6.00 (3.49);
t(14)=-6.67,
p<0.0001

1.72 15.83
(5.54)

18.33
(7.06)

-2.50 (4.54);
t(11)=-1.91,
p=0.0830

0.55

FoG 7.60
(6.30)

5.00
(5.44)

2.60 (3.76);
t(14)=2.68,
p=0.0179

0.69 8.42
(4.81)

6.75
(5.94)

1.67 (3.11);
t(11)=1.85,
p=0.0907

0.54

+Least squares means (standard errors) from linear mixed effects analysis.
UPDRS denotes Unified Parkinson’s Disease Rating Scale and motor function; MINI denotes Mini-BESTest;
FGA denotes Functional Gait Assessment; FoG denotes Freezing of Gait Questionnaire

change, -5.40; standard error, 3.48; t(14)=-6.01, p<0.0001) and
the WLC (-4.00; 3.22; t(11)=-4.30, p<0.0012) which yielded
large effects for the yoga group (d=1.55) and the WLC
(d=1.24).These data indicate that participants in both groups
improved their balance. For the FGA, there were statistically
significant improvements for the yoga group (-6.00 (3.49);
t(14)=-6.67, p<0.0001) with a large effect size of 1.72, and
the WLC (-2.50 (4.54); t(11)=-1.91, p=0.0830) with a medium
effect (d=0.55). Significant improvements were also found
on the FoG for the yoga group (2.60.; (3.76); t(14) =-2.68,
p=0.0179) with amedium effect size of 0.69, while the changes
in the WLC were not statistically significant.

At T1, most participants’ Modified Hoehn and Yahr score
was Stage 2 (n=10 for the yoga group, and n=8 for the WLC),
with only one participant in Stage 1.5 for the yoga group,
and zero in the WLC. There were four individuals in Stage
3 at T1 in both the yoga and the WLC groups. At T2, five
individuals in the yoga group and zero participants in the
WLCwere classified as Stage 1 or 1.5.There was a reduction in

Table 4: Modified Hoehn and Yahr staging of the progression of
Parkinson’s Disease.

Stage Yoga T1
(n=15)

Yoga T2
(n=15)

WLC T1
(n=12)

WLC T2
(n=12)

1 0 2 0 0
1.5 1 3 0 0
2 10 7 8 6
2.5 0 2 0 3
3 4 0 4 2
4 0 1 0 1

the number of Stage 2 (n=7, Stage 2.5=2) and Stage 3 scores for
the yoga group (n=0), while the number of Stage 2 increased
at T2 for the WLC (n=6 at 2.0, n=3 at 2.5) and decreased at
Stage 3 for the WLC T2 (n=2). A participant in both groups
also increased to a Stage 4. See Table 4 for changes in the
Hoehn and Yahr Scale.
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4. Discussion

The purpose of this study was to determine functional
changes that occur for individuals with PD following an
8-week yoga intervention. For individuals who completed
the yoga intervention, there were significant motor function
improvements and amedium effect size on theUPDRSmotor
subscale. Shulman [48] identified the fact that a minimally
clinically important difference (CID) on the UPDRS motor
subscale is at least 2.3 points and a moderate CID is 4.5-
6.7 points. Thus, the yoga group not only demonstrated a
statistically significant improvement but achieved amoderate
CID of 6.40 points. Individuals in the WLC group did not
demonstrate significant improvement or aminimal CID. Fur-
thermore, in this study there were important level changes in
the Hoehn and Yahr ratings. Overall, there was a substantial
increase in the numbers of participants in Stage 1 over the
eight-week period and notable reductions in Stage 2 and 3. In
the WLC, the number of participants in each stage remained
fairly static, potentially indicating that motor function and
disease progression were improved in the yoga group but not
the WLC.

For individuals who completed the yoga intervention,
there were balance-related functional improvements and
a large effect size on the Mini-BESTest. The WLC also
demonstrated an improvement on the Mini-BESTest and
a large effect size, though not as large as the yoga group.
Duncan et al. [43 identified a score of ≤20/32 on the Mini-
BESTest as a cut off score to detect fallers. The data from this
study revealed that individuals in the yoga group reduced
their fall risk (19.47 T1 vs. 24.87 T2) while individuals in
the WLC did not (15.92 T1 vs. 19.92 T2). Thus, it is possible
that the individuals in the WLC initiated their own exercise
routines which improved balance, but these exercises were
not sufficient in effect to reduce fall risk. Another possibility,
based on the post hoc correlational analysis, is that during
T1, the WLC group took Levodopa closer to test time than
the experimental group, thus influencing the scores.The data
in this study suggest that the Mini-BESTest demonstrates
improvements in balance and reductions in fall risk over time
in people with PD following a yoga intervention, an item
raised for consideration previously by Boulgarides [49].

Gait-related functional improvements were also demon-
strated for both groups on the FGA. Notably, the large effect
size for the yoga group (d= 1.72) was more than three times
that of theWLC (d=.55), indicating a much greater treatment
effect from the yoga intervention.There was a medium effect
size (d=.69) and a statistically significant improvement in
freezing of gait for individuals in the yoga group. This is
an important finding, as freezing of gait has been found to
be predictive of falls for individuals who experience it [50].
Freezing of gait did not change in the WLC.

Collectively, the functional improvements in motor func-
tion, balance, gait, and freezing of gait indicate that this yoga
intervention was successful in reducing fall risk in individ-
uals with PD. This study, conducted by an interdisciplinary
research team of neurologists who specialize in movement
disorders, recreational therapists, a yoga therapist, occupa-
tional therapist, and a PT, indicates that a multidisciplinary

approach to fall reduction may be beneficial. Further, yoga
has been shown repeatedly to improve balance, but not on
measures specifically sensitive to change in PD. The results
of this study indicate that even on sensitive measures, yoga
may improve functioning in the areas of balance, gait, and
freezing of gait. Something that cannot be measured, but
it is important also to consider that while some changes
may be modest, we are unable to ascertain the slowing of
deterioration that may have occurred as a result of this
intervention [49].

As with all studies, there are limitations that should be
noted. Given the improvements for the WLC in balance and
functional gait, it is possible that there was a practice effect.
That is, it is possible that those in the WLC learned what
the tasks associated with the assessments were and practiced
them during the control period. In this study, there may be
selection bias, as individuals who opted to participate in the
study may be more likely to be compliant with attendance,
have an active lifestyle, and have a strong desire to feel in
control of their disease. The sample size of this study is small
and limits generalizability. Future studies should contain
larger sample sizes and consider examining dose of yoga
needed tomake the optimumchanges in functional outcomes
for individuals with PD.

Overall, this study demonstrated strong improvements in
balance, gait, and freezing of gait for those in the yoga group.
Yoga appears to provide a greater reduction in fall risk and a
highermagnitude of impact on functional gait than theWLC.
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