
Tele-yoga for the management of Parkinson
disease: A safety and feasibility trial

Aurora M James-Palmer and Jean-Francois Daneault

Abstract

Objectives: Despite current standard treatments, persons with Parkinson disease (PD) still experience motor and non-motor
symptoms that impact daily function and quality of life, warranting the investigation of additional interventions. Holistic com-
plementary interventions such as yoga have been shown to be beneficial for persons with PD. However, there are multiple
barriers to in-person interventions such as transportation difficulties and disease-related mobility impairments which may
be mitigated by digital health applications. Therefore, this study’s purpose was to assess the safety and feasibility of a syn-
chronous tele-yoga intervention for persons with PD.

Methods: Sixteen participants were enrolled in a single group safety and feasibility trial. The entire study was conducted
remotely and consisted of a baseline assessment followed by a six-week waiting period, then a second assessment, a
six-week tele-yoga intervention period, a post-intervention assessment, a six-week follow-up period, and lastly a follow-
up assessment. During the tele-yoga period, participants completed two one-on-one 30-minute tele-yoga sessions weekly
for a total of 12 sessions. Primary outcomes included adverse events, adherence, technological challenges, and usability.
Secondary outcomes included enjoyment and clinically relevant outcome measures assessing both motor and non-motor
symptoms.

Results: No severe adverse events were attributed to the intervention. Retention was 87.5%, assessment session adherence
was 100%, and intervention session adherence was 97%. Technological challenges did not impact feasibility. The interven-
tion was usable and enjoyable. While this study was not powered or designed to assess the efficacy of the intervention, pre-
liminary improvements were shown for some of the clinically relevant outcome measures.

Conclusions: Overall, this study showed that the implementation of a synchronous one-on-one tele-yoga intervention was
safe, feasible, usable, and enjoyable for persons with PD. Randomized control trials investigating its efficacy should be
initiated. The study was registered with ClinicalTrials.gov (NCT04240899, https://clinicaltrials.gov/ct2/show/NCT04240899).
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Introduction
Parkinson disease (PD) is one of the most common move-
ment disorders and its worldwide prevalence is predicted
to be between eight to nine million by 2030.1 It is a progres-
sive neurodegenerative disorder characterized by a deficit in
dopaminergic function. It is known for its cardinal motor
symptoms including bradykinesia, tremor, muscular rigid-
ity, and postural instability.2,3 Non-motor symptoms such
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as anxiety, depression, apathy, and sleep dysfunction often
accompany these cardinal motor symptoms.3–5 However,
current gold-standard treatments such as pharmacological
interventions and deep brain stimulation primarily focus
on addressing motor symptoms.6 Additionally, even with
these management techniques, people can experience fluc-
tuations in their motor (and non-motor) symptoms
without full relief.

While more attention is now being given to the manage-
ment of non-motor symptoms than in the past; adequate
approaches for their management are still lacking.
Specifically, anxiety symptoms are sparsely addressed
despite having a prevalence of up to 55%7 in people with
PD and impacting daily function, interpersonal relation-
ships, and quality of life.8,9 In fact, a survey of mental
health utilization showed that over 25% of persons with
PD who expressed a need for mental health care did not
receive it.10 Furthermore, the non-motor psychological
symptoms of PD such as anxiety and depression are asso-
ciated with poor quality of life and in some cases have a
greater association than other symptoms.11–16 Due to the
fluctuations in motor symptoms and the large impact of
non-motor symptoms despite available treatments, there is
a need for supplementary holistic interventions that can
be added to current plans of care.

Recently, there has been an increased interest in alterna-
tive non-pharmacological interventions to manage symp-
toms of PD. For instance, a variety of exercise
approaches have been examined to address gait, freezing,
and non-motor symptoms17–19 with mixed results.
However, several studies have shown that, in people with
PD, interventions should not only attempt to address phys-
ical symptoms but also psychological needs and spiritual-
ity.14–16 One such approach is the prescription of
behavioral exercise intervention which can be defined as
“conduct, routines, and habits that promote health and the
ability to withstand, recover from, or grow in the face of
stressors.”20 While this encompasses a variety of
approaches, complementary mind–body interventions
clearly fall within this concept of combining physical, psy-
chological, and spiritual content; and they have been shown
to be beneficial for people with PD.18,19,21 Specifically,
mind–body interventions can lead to improvements in
motor and non-motor symptoms, gait, functional mobility,
and quality of life, among others.21

Yoga, a specific type of mind–body intervention, has the
potential to address both motor and non-motor symptoms in
people with PD22,23 and has specifically been shown to
reduce anxiety symptoms in adult populations24 and
persons with PD.22 A survey examining the use of comple-
mentary therapies for individuals with PD showed that
approximately 20% of respondents had tried yoga and
over 70% of those who tried it, perceived it as effective.25

Furthermore, a recent randomized control trial (RCT)
showed that yoga yielded significant improvements in

anxiety, depression, health-related quality of life, and
mobility in persons with PD.22 Other studies have shown
similar benefits for anxiety,26,27 depression,23,27,28 quality
of life,28,29 and physical function,23 indicating that yoga
may lead to significant clinical improvements in people
with PD. Additionally, yoga has been shown to improve
the regulation of the autonomic nervous system30 and
impact the levels of the neurotransmitter GABA.31 Both
autonomic nervous system32 and neurotransmitter dysfunc-
tion33 are observed in people with PD and have been linked
with non-motor symptoms such as anxiety and depres-
sion.33,34 Thus changes in these factors may help to
explain the potential benefits of yoga in this population.
Interestingly, the research to date has focused on in-person
yoga. In-person yoga, however, may not be optimally
accessible for individuals with PD, especially those with
anxiety symptoms who may be more comfortable in their
home environment. Notably, individuals with PD have
voiced multiple perceived barriers to accessing in-person
care including transportation difficulties35,36 and
PD-related mobility impairments impacting travel.10

Delivering yoga remotely over telecommunication net-
works (tele-yoga) may mitigate these barriers. Furthermore,
as mentioned earlier, symptoms of anxiety are prevalent and
often unaddressed in people with PD. These symptoms may
further impede participation in in-person interventions. A
survey of individuals with PD and mental health comorbid-
ities, such as anxiety symptoms, indicated that over 65% of
respondents with PD were interested in tele-interventions.10

Generally, movement-based tele-interventions for individuals
with PD including dance,37 balance training/fall preven-
tion38,39 and exercise40–42 have been shown to be safe and
beneficial for this population. However, the safety and feasibil-
ity of a tele-intervention specifically for people with PD and
elevated anxiety symptoms have yet to be investigated.

Now more than ever, following the presence of the Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
pandemic, attention is being given to digital health applica-
tions including tele-interventions.43–45 However, a recent sys-
tematic mapping of review studies identified several gaps in
the literature related to the use of digital health for quality
healthcare.46 Among the gaps identified, most of the infor-
mation to date involves the application of digital health for
psychiatric care predominantly through mobile health appli-
cations for mental health and behavioral therapies.46 The
review showed that there is an overall paucity of information
related to the application of digital health for rehabilitation
purposes and movement-based interventions,46 such as
tele-yoga.

Due to the benefits of in-person yoga and the benefits of
tele-interventions, tele-yoga may be especially useful for
individuals with PD and elevated anxiety. Yet, neither asyn-
chronous tele-yoga (instruction delivered via pre-recorded
materials) nor synchronous tele-yoga (instruction delivered
in real-time with live interaction) has been robustly
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investigated for individuals with PD. These approaches
have, however, been successfully implemented for other
populations with health conditions.47–60 Most of these
existing studies implemented asynchronous delivery of
tele-yoga interventions.47–49,53,55–60 Yet, they did not
include individuals with extensive mobility deficits or
impaired balanced. Individuals with PD commonly experi-
ence these symptoms and may therefore benefit from a
one-on-one synchronous tele-yoga intervention which
allows for live individualized interaction and feedback.
The few existing studies that have implemented synchron-
ous tele-yoga delivery, including one especially for indivi-
duals with PD,61 have shown general safety and feasibility
along with some preliminary benefits.51,54,62

In summary, typical treatments for persons with PD
often leave non-motor symptoms, such as anxiety, unad-
dressed in this population. Tele-yoga may be a beneficial
supplementary intervention to address non-motor symp-
toms for this subset of persons with PD. However, before
the efficacy of tele-yoga for this population can be exam-
ined, the safety and feasibility of this approach need to be
established. As such, the objective of this study was to
investigate the safety and feasibility of a synchronous tele-
yoga approach in persons with PD exhibiting symptoms of
anxiety. Feasibility trials capture both feasibility and pre-
liminary efficacy outcomes useful for planning large
RCTs. Here, it was hypothesized that the synchronous tele-
yoga intervention would be safe and feasible for those
individuals.

Methods

Study design and timeline

This was an unblinded non-randomized single group safety
and feasibility study conducted entirely remotely via video-
conferencing from January 2020 to July 2021. For a
detailed study timeline see Figure 1. While this was a
safety and feasibility study, it was designed such that
future RCTs assessing motor and non-motor symptoms
could be conducted using a similar timeline. Therefore, a
six-week waiting period was included at the start of the
study prior to the intervention period to assess the
participant-specific stability of symptoms over time with
their standard of care. Similarly, a six-week follow-up
period was added after the intervention-period to see if
changes observed following the intervention, if any,
would be maintained over time. Ethics approval was obtained
from the Institutional Review Board at Rutgers University
and the study was registered with ClinicalTrials.gov
(NCT04240899). The results of this study are reported in
accordance with the CONSORT Extension for Pilot and
Feasibility trials.63,64

Participants

Individuals were recruited from ClinicalTrials.org, as well
as from other websites and social media pages relevant to
individuals with PD, using an online study information
flyer. A convenience sample of 16 individuals was recruited
This sample size corresponds to recommendations for pilot
efficacy and feasibility trials stating that a minimum of 12
participants be recruited for this type of study.65

Furthermore, previous studies were reviewed to determine
whether this sample size was adequate. Our sample size
fell within the range of sample sizes found in the tele-yoga
literature (N= 353 to N= 98.59) Furthermore, a previous
study that successfully investigated the safety and feasibil-
ity of a synchronous tele-yoga intervention for individuals
with chronic health conditions had a smaller sample size
(N= 15 and ntele−yoga= 7).54

Individuals were included if they (1) had a diagnosis
of PD, (2) had anxiety symptoms (indicated by a score
of ≥ 14 on the Parkinson’s Anxiety Scale (PAS)66 (See
below for how this cut-off score was determined.), (3)
were able to communicate such that they could indicate
pain, answer questions, and provide feedback, (4) were
English-speaking, (5) had access to WiFi and an applicable
technological device (e.g. laptop, tablet, smartphone, etc.),
and (6) were willing to be video recorded and use Zoom.
Individuals were excluded if they (1) had unmanaged
major depressive disorder (self-reported) (Individuals
were excluded if they reported having a diagnosis of
major depressive disorder from a relevant medical profes-
sional that was currently not well managed using, for
example, medication or cognitive behavioral therapy), (2)
had a condition that prevented them from engaging in
yoga postures (such as a musculoskeletal injury limiting
the ability to bear weight on a limb or a recent surgery
such as a joint replacement), (3) had major cognitive
impairments, (4) had a past yoga experience exceeding
five or more times within the last two month, or (5) were
pregnant. During the initial videoconferencing session
(T0), informed consent was obtained, and eligibility was
confirmed. As per the inclusion criteria, individuals were
included if they experienced anxiety symptoms as indicated
by a score of ≥ 14 on the PAS.66 While the PAS is not a
diagnostic tool and does not have a severity scale indicating
mild, moderate or severe anxiety, the cut-off score of 14 has
been shown to discriminate between people with and
without clinically relevant anxiety symptoms.66

Intervention

The yoga intervention protocol was developed by two
licensed physical therapists who were also certified yoga
instructors. One of the physical therapists who developed
the program was a newly licensed physical therapist with
clinical exposure to individuals with PD, primarily in
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outpatient settings, from her academic clinical rotations.
During that time, she integrated her knowledge as a yoga
instructor of five years into her plans of care. The other
physical therapist was board certified geriatric specialist

with 40 years of experience. She routinely worked with
older adults including those diagnosed with PD, predomin-
ately in sub-acute rehabilitation and long-term care settings.
In 2003, she began to integrate breath work and yoga

Figure 1. Illustration of the study timeline. *After reviewing and singing the informed consent participants completed the Parkinson’s
Anxiety Scale (PAS) to confirm baseline symptoms of anxiety. If participants did not reach the eligibility score (≥ 14), responses were
destroyed, and participation ceased. If eligibility scores were met participants completed T0 and continued study participation (see
Figure 3).

Figure 2. The breathing exercises, postures, and relaxation exercises taught in the yoga intervention period.
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postures into her clinical practice using her clinical reason-
ing skills, which were rooted in Motor Learning and
Control for people with PD and other neurological condi-
tions. Together, the two physical therapists used their
knowledge of yoga, their clinical experience, and the scien-
tific literature to develop the yoga intervention protocol
implemented in this study.

The yoga intervention protocol was developed with the
intention of optimizing safety and facilitating the imple-
mentation of tele-yoga. To do this, the protocol was devel-
oped using the “Guidelines for developing yoga
interventions for randomized trials.”67 Careful attention
was given to each of the eight domains discussed in the
guideline (See Supplementary Materials Table S1 for
more details about each domain). The intervention was
implemented by one of the individuals who developed the
yoga protocol.

The yoga intervention was delivered one-on-one,
remotely, and synchronously through the videoconferen-
cing platform Zoom for 30-minutes two times a week for
six weeks. The intervention dose of 30 minutes twice
weekly for six-weeks was chosen because it fell within
the rage of doses described in the existing tele-yoga litera-
ture (7.5 to 90-min sessions, once weekly to daily, for 2 to
12 weeks).47–50,53–60 Furthermore, a study that compared
tele-yoga intervention doses showed greater adherence to
the intervention with the lower dose (60-minutes per
week).49 This further supported our intervention dose of

60 minutes per week. Thus, the delivery method and dose
were intended to enhance adherence and consequently,
implementation of the intervention.

Sessions were individualized to fit the participants’
needs but always included three key yogic elements in the
following sequence (1) breathing exercises (first five to
seven minutes), (2) yoga postures (middle 14 to 20
minutes), and (3) relaxation exercises (last five to seven
minutes). A set list of breathing exercises, postures, and
relaxation exercises along with levels for progression and
suggestions for modifications were developed prior to the
start of the study. The individualization and predetermined
plan for progressions and modifications were intended to
enhance safety prior to the implementation of the
intervention.

For the breathing and relaxation exercises, partici-
pants were taught an exercise in the first weekly
session and that exercise was reviewed and progressed
as applicable in the second weekly session. For the pos-
tures, the interventionist did not have to teach all postures
from the list in each session and was able to teach mul-
tiple levels of a single posture within one session. The
interventionist followed a suggested script when teaching
each breathing and relaxation exercise and a list of cues
to use when teaching the physical postures. Figure 2 pro-
vides a brief overview of the exercises taught using their
English names. Another strategy used to enhance safety,
was the implementation of specific safety precautions

Figure 3. The recruitment and enrollment CONSORT chart.
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including, encouraging another adult to be present at the
residence while yoga sessions occurred and implement-
ing modifications that facilitated balance and optimized
safety. If another adult could not be present at the resi-
dence during the time of the intervention, the study
team was given the name and number of a “safety”
contact who was reachable during the time of the inter-
vention. The instructor’s expertise and the participants’
comfort level were used to gauge posture levels and mod-
ifications. See the Supplementary Materials for more
details regarding the yoga intervention.

Outcome measures

Safety and feasibility benchmarks for the primary study
outcomes were set a priori using the literature.

Safety. Safety was assessed through the recording of
adverse events, their severity, and their relationship to the
study. The severity of each adverse event was defined as
(A) mild if the event resulted in no limitation of usual activ-
ities; (B) moderate if the event resulted in some limitations
of usual activities; and (C) severe if the event resulted in the
inability to carry out usual activities. The relationship to the
study was defined as (I) not related if there was no possible
relationship between the event and the relationship; (II)
unlikely if the relationship between the event and the
study was not reasonably related, but a causal relationship
could not be ruled out; (III) possible if a causal relationship
between the event and the study was uncertain; (IV) prob-
able if there was a high degree of certainty for a causal rela-
tionship between the event and the study; and (V) definite if
the causal relationship between the event and study was
certain. For the intervention to be deemed safe, no severe
adverse events could be attributed to the intervention (i.e.
no severe events could have a possible, probable, or definite
relationship to the tele-yoga intervention) and no moderate
events could have a definite relationship to the tele-yoga
intervention.

Recruitment rate. The recruitment rate was defined as
the number of individuals who were enrolled in the study
compared to the individuals who initially contacted the
study team. It was reported as a percentage along with the
absolute values. Because the study was a safety and feasi-
bility trial with a sample of convenience, an a priori bench-
mark for an appropriate recruitment rate was not defined.

Retention rate. The retention rate was defined as the
number of participants who completed the study compared
to the number of individuals who were enrolled. It was
reported as a percentage along with the absolute values.
For a participant to be counted as completing the study
they needed to engage in the tele-yoga intervention period
and complete all of the four assessment sessions.
Retention was deemed acceptable if 85% or more of the
participants completed the study based on standards estab-
lished in the literature.68

Adherence. Adherence was divided into two categories:
(i) assessment adherence and (ii) intervention adherence.
Assessment adherence was defined as the number of assess-
ment sessions completed compared to the number of assess-
ment sessions scheduled. Intervention adherence was
defined as the number of tele-yoga sessions completed com-
pared to the number of tele-yoga sessions scheduled. Both
were reported as a percentage along with the absolute
values. Mean tele-yoga session attendance and percent of
sessions canceled or rescheduled by all participants were
also reported. Adherence was deemed acceptable if 85%
or more of assessment sessions68 and 80% or more of the
yoga sessions23,69,70 were attended. These benchmarks are
based on standards established in the literature68 and the
range of intervention adherence reported in previous inter-
vention studies for similar interventions (physical activity
and yoga) and populations (chronic health conditions and
PD).23,69,70

Technological challenges. Technological challenges
were documented, and their severity was measured by
time disrupted as follows (A) mild (time disrupted 1–3
minutes), (B) moderate (time disrupted 3–10 minutes),
and (C) severe (time disrupted >10 minutes). For the inter-
vention to be deemed feasible, an a priori threshold of no
more than 20% of the intended yoga dose could be
missed due to technological challenges. This benchmark
was determined because it aligns with the target interven-
tion adherence of 80%23,69,70 as noted above but it is
important to note that no previous studies have reported
technological challenges in this way.

Usability. Usability was assessed through the Systems
Usability Scale (SUS).71 A score higher than 68 indicated
adequate usability as established by the literature.71 The
participants were instructed that questions pertaining to
“this system”was referring to engaging in the tele-yoga ses-
sions over videoconferencing using Zoom.

Enjoyment. Enjoyment (secondary outcome) of the tele-
yoga intervention and each component of the intervention
(breathing exercises, postures, and relaxation exercises)
was assessed using a 11-point scale (0–10; where 0 indi-
cates no enjoyment and 10 great enjoyment) during the
T2 assessment session. To be deemed enjoyable, a thresh-
old of mean enjoyment scores equal to or greater than 7
was determined a priori.

Relevant clinical outcomes. Relevant clinical outcomes
(secondary outcomes) were also assessed to compute effect
sizes to help power future RCTs. To do this, relevant clinical
outcome measures were administered at all assessment time-
points (T0, T1, T2, and T3). These outcomes included the
PAS,72 the Parkinson’s Disease Questionnaire-39,73 the
Beck Depression Inventory-II (BDI-II),74 the PD Sleep
Scale-2 (PDSS-2),75 the Unified Parkinson’s disease
Rating Scale (MDS-UPDRS)76 (excluding rigidity and pos-
tural stability), and the five times sit to stand (FTSTS) as a
measure of physical function.77 All of these measures were
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standardized self-report questionnaires with the exception
of the motor examination subdomain of the MDS-UPDRS
and the FTSTS. All measures were administered during
the live videoconferencing sessions with a study team
member.

Anxiety. The 12-item self-report PAS was used to assess
anxiety symptoms. It takes approximately 2-minutes to
complete and is a 12-item scale with three sub-scales asses-
sing persistent anxiety, episodic anxiety, and avoidance
behavior. The questions are on a scale from "not or
never" (0) to "severe or almost always" (4) with a potential
score range of 0–48. Higher scores indicate greater symp-
toms of anxiety. This scale is valid and reliable for
persons with PD.66,72

Depression. The 21-item self-report BDI-II was used
to measure symptoms of depression. For each item, the
participants choose one out of four statements of increas-
ing severity regarding a specific symptom of depression.
It takes about 5–10 minutes to complete. Potential
scores range from 0–63 with higher scores indicating
greater severity of depressive symptoms. The BDI-II
has good psychometrics properties74 and has been
shown to be acceptable for assessing depressive symp-
toms in PD.78

Quality of life. The 39-item self-report questionnaire was
used to assess the quality of life. It has 8 domains (e.g.
mobility, emotional well-being, stigma, social support, cog-
nition, communication, and bodily discomfort) and contains
questions asking how often certain difficulties/problems
have occurred within the last month with answers ranging
from "never" to "always." Each dimension’s total score
ranges from 0 (never have difficulty) to 100 (always have
difficulty). With higher scores indicating poorer quality of
life. The PDQ-39 is valid and reliable for persons with
PD.73

Sleep. The 15-item self-report PDSS-2 measure was
used to assess sleep dysfunction. It contains questions
about the participant’s sleep experience during the past
week with answers on a Likert-scale of 0-"very often" to
4-"never." Scores can range from 0 to 60 with higher
scores indicating greater sleep impairment. It is a valid
and reliable tool for persons with PD.75

Motor and non-motor symptoms of PD. A modified
version of the MDS-UPDRS (excluding examination of
rigidity and postural instability) was used to assess motor
and non-motor symptoms of PD. It contains four sections
1. Mentation, Behavior, and Mood; 2. Activities of Daily
Living; 3. Motor Examination; and 4. Complications
of Therapy. Higher scores indicate greater symptoms/
disability. The modified version excludes the hands-on
components such that the measure can be administered
over videoconferencing. This modified version of the
MDS-UPDRS excluding rigidity and postural instability
completed virtually has demonstrated high levels of agree-
ment with the complete in-person MDS-UPDRS.79

Additionally, inter-rater reliability of video-based assess-
ment showed moderate to high agreement between raters.80

Physical Function. The FTSTS was administered to
assess physical function. It was administered using a chair
in the participants’ homes. Participants were encouraged
to have another adult present during this portion of the
data collection in case there was any loss of balance. The
time, in seconds, that it took participants to raise from the
chair 5 times was recorded. Longer times indicate poorer
physical function. The FTSTS has shown adequate psycho-
metric properties for persons with PD.77

Data and statistical analysis

R and R studio81,82 were used to complete score computa-
tion and statistical analyses for all outcome measures.
Percentages were computed as applicable. Available subdo-
main scores and total scores were computed as applicable.
Item mean imputation was used to address missing items
(i.e. the mean of the specific missing item for the relevant
assessment session across all subjects was imputed for
missing values). This was primarily used to impute
missing items from the two participants who withdrew
from the study and necessary for the calculation of
the effect sizes. Missing items were distributed across T0
(n= 25), T1 (n= 185), T2 (n= 314), and T3 (n= 331)
(see Table S2 in the supplementary materials for more
details regarding missing items). Descriptive statistics of
all measures were determined. For the clinically relevant
outcomes used to compute effect sizes, normality was deter-
mined using the Shapiro Wilk Test. Then, repeated mea-
sures analysis of variance (rmANOVAs) or Friedman
tests were completed for normally distributed data and non-
normally distributed data respectively. Post-hoc analysis
was conducted as applicable. The Bonferroni correction
with an adjusted p-value for multiple comparisons (α=
0.0083) was used following statistically significant results
of rmANOVAs. The Nemenyi-Test was used following
statistically significant results of Friedman tests. The
effect sizes, partial eta squared or Kendall’s W, were calcu-
lated as applicable.

Results

Participants

Initially, 54 individuals contacted the study team displaying
interest in the study. After learning more about the study
including eligibility requirements and the study time com-
mitment 34 individuals decided to engage in the telephone-
based screening session. Twenty-three of the 34 individuals
who engaged the phone screen completed the PAS to
confirm eligibility. The other eleven individuals who com-
pleted the phone screen were either ineligible or decided
not to participate in the study (see Figure 3). All individuals
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(n= 16) who demonstrated baseline levels of anxiety (mean
score of 19.9± 4.9) were enrolled in the study. Therefore,
the recruitment rate was 29.6% (16 participants enrolled
out of 54 participants who initially contacted the study
team). Fourteen participants completed the study. One par-
ticipant withdrew after the T0 assessment due to a family
emergency and another participant withdrew after the
fourth yoga session, reporting that they felt the yoga ses-
sions were below their ability level. Therefore, the retention
rate was 87.5%. See Figure 3 for the Consort flow chart
illustrating participant recruitment and retention.

The individuals enrolled were people with mild to mod-
erate PD (Hoehn and Yahr stages 1–3). Disease manage-
ment strategies at the time of enrollment varied across
participants: carbidopa-levodopa (n= 10), carbidopa-
entacapone-levodopa (n= 1), levodopa and benserazide
(n= 1), rotigotine (n= 1), deep brain stimulation (n=
1), and physical activity (n= 10). Some participants
were also managing symptoms of anxiety (n= 4) and
depression (n= 8) with medication. Participants were
recruited regardless of medication status and four partici-
pants experienced changes in medication over the course
of the study. See Supplementary Materials for details
regarding medication changes. Notably, participants
were not all located within the United States, with one
participant living in Canada and another living in the
United Kingdom. See Table 1 for participant baseline
demographics.

Safety

There were no severe adverse events with a possible,
probable, or definite relationship to the intervention and
no moderate events with a definite relationship to the

intervention. Some mild and moderate adverse events
did occur.

Mild adverse events not related to the intervention
included baseline pain, new pain related to outside activity,
not feeling well, unrelated losses of balance, and medica-
tion side effects. Mild adverse events not likely related to
the intervention included temporary pain occurring prior
to yoga sessions and participant-reported increased aware-
ness of PD symptoms such as tremor. Mild adverse
events with a possible relationship to the study included
transient increases in existing pain attributed to participants’
typical patterns of wellness, and transient new pain noticed
outside of the intervention sessions. Mild adverse events
with a possible relationship to the study included transient
increases in existing pain or transient occurrences of new
pain noticed during the yoga sessions but attributed by
the participants to their typical patterns of wellness or
outside physical activity. Mild adverse events with a prob-
able relationship to the study included temporary increases
in pain and temporary bouts of dizziness noticed during the
yoga sessions. Mild adverse events with a definite relation-
ship to the intervention included transient pain coinciding
with specific yoga postures such as knee pain in the easy
seat and inner thigh pain during seated number four.
These increases in pain ceased when the postures were
stopped.

Moderate adverse events not related to the intervention
included illness that resulted in the rescheduling of yoga
sessions and falls that led to modifications of the yoga pos-
tures including the elimination of kneeling postures in the
session following the fall. One moderate adverse event
with an unlikely relationship to the intervention was pro-
longed dizziness between intervention sessions that
resolved with a few hours of rest One moderate adverse
event with a possible relationship to the intervention was
an exacerbation of low back pain over the course of the
study, however the participant did not attribute this pain
to the intervention.

Two severe adverse events not related to the intervention
occurred and included an emergency room visit for a
urinary tract infection during the follow-up period and
reoccurring bouts of insomnia that impacted the partici-
pant’s usual activities but was reported as a typical
pattern of wellness. For more details about the occurrence
of adverse events see Table 2.

Feasibility

Adherence to assessment sessions was 100% (59 assess-
ment sessions completed out of 59 scheduled). Yoga
intervention adherence was 97% (167 tele-yoga sessions
completed out of 172 scheduled). Mean tele-yoga session
attendance at 11.13± 2.10 sessions out of the 12 intended
sessions. It is important to note that for the two partici-
pants who formally withdrew from the study, the

Table 1. Participant demographics.

Sex Female (n= 10), Male (n= 6)

Age (years) 63.125± 10.288

Race White (n= 14), Asian (n= 2)

Location CA (1), UK (1), USA (14)

Weight (Lbs.) 156.188± 38.419

Height (In.) 67.250± 4.107

Body mass index 24.231± 5.549

Years since diagnosis 4.8125± 5.240

LEDD at baseline 371.769± 329.531

Abbreviations: CA: Canada; UK: United Kingdom, USA: United States, LEDD:
Levodopa equivalent daily dose.
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assessment sessions and yoga sessions after the partici-
pants withdrew were not included in the adherence calcu-
lations because the sessions were not scheduled. Eleven
participants completed all 12 intended yoga sessions.
Of the yoga sessions attended, 33 sessions (20%) were
rescheduled due to participants’ requests, five sessions
(3%) were rescheduled due to the interventionist’s
request, and five sessions (3%) were canceled for
participant-related reasons.

Technological challenges. Technological challenges
occurred and this despite the fact that some of the parti-
cipants (n= 3) had family members assist them in
setting up the videoconferencing platform each session.
Of those, 78.9% were mild (71/90), 11.1% were moder-
ate (10/90), and 10.0% (9/90) were severe. The most
common challenge was video/audio delay. The delay
did not often disrupt time but impacted the overall
quality of the session in which it occurred. For more
information about technological challenges see Table 3.
In addition to technological challenges, there were also
other challenges that occurred during the intervention.
These included disruptions, such as familial or pet inter-
ruptions, and difficulty reaching the participants’ safety

contacts. Overall, of the challenges that occurred,
83.3% were technological in nature (90/108) and 16.7%
were not related to technology (18/108).

Usability. Usability was good as evidenced by the mean
score on the SUS of 81.3± 17.1. As such, despite the
technological challenges, the participants’ experience in
engaging in the intervention through the videoconferencing
platform was good.

Enjoyment. Enjoyment scores were high for the com-
plete yoga intervention (9.0± 1.0), breathing exercises
(8.3± 1.0), postures (9.1± 1.0), relaxation exercises
(9.3± 0.6), and the overall remote study experience
(8.9± 1.0).

Clinically relevant outcome measures demonstrated a
range of effect sizes (ηP

2 = 0.019 (UPDRS-total) to ηP
2 =

0.417 (PAS total) and K= 0.053 (PD symptoms subdomain
of the PDSS-2) and K= 0.609 (BDI)) with four measures
(anxiety, quality of life, depression, and motor-experiences
of daily living) demonstrating preliminary improvements.
For descriptive statistics and effect sizes of each clinically
relevant outcome measure see Table 4 and for the results
of the rmANOVAs, Friedman Tests and post-hoc analyses
see Table 5.

Table 2. Adverse events .

Not related Unlikely Possible Probable Definite

Mild - Baseline pain (n= 8)
- New pain (n= 2)
- Neuropathy (n= 1)
- Loss of balance (n= 3)
- Not feeling well (n= 1)
- Medication side effect
(n= 1)

- Temporary pain/
discomfort occurring
before yoga session
participants did not
attribute to
intervention (n= 2)
- Increased
awareness tremors in
hand (n= 2)

- Transient increase
in existing pain/
discomfort,
participants
attributed to typical
pattern of wellness
(n= 2)
- Transient new
pain, participants
attributed to outside
physical activity (n=
3)

- Temporary
increase in
shoulder pain
during progressive
relaxation
(resolved by end of
session-(n= 1)
- Temporary
bout of dizziness
following standing
postures (resolved
with sitting) (n= 1)

Transient pain with
specific postures

(including knee pain
in easy seat n= 1 and
pain in inner thigh
with seated number
four stretch n= 1)

Moderate - Not feeling well (n= 2)
- Fall (n= 2)

- Bout of dizziness
between yoga
sessions resolved
with a few hours of
rest (n= 1)

Exacerbation of
baseline low back
pain over the
course of the study
(n= 1)

None

Severe - ER visit (n= 1)
- Insomnia (n= 1)

None
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Table 3. Technological challenges during yoga sessions.

Mild
(1–3 minutes)

Moderate
(3–10 minutes)

Severe
(>10 minutes)

Audio challenges - -Unable to hear interventionist (n= 5)
- -Unable to hear participant (n= 3)
- -Participant difficulty unmuting audio
(n= 1)
- Participant computer volume low
(n= 1)
- -Participant mic broken on initial
device (successfully modified with
addition of phone audio)-but phone call
dropped (n= 2)
- -Participant preferred using two
tablets for easier viewing resulting in
transient audio reverberation (n= 1)

- Interventionist mic
undetected (n= 2)

- Participant unable to hear
interventionist because computer volume
was low, required phone call assistance to
resolve (n= 1)

Video challenges - One screen freeze (n= 4)
- Two screen freezes/session (n= 2)
- Multiple screen freezes/session, 15–30
bout (n= 1)
- Participant difficulty turning on video
(n= 1)
- Participant accidently sharing screen
(n= 1)
- Difficulty seeing interventionist (n= 1)

- Two screen freezes
in one session (n= 1)

- Difficulty connecting to audio/video
(required switching devices) (n= 1)

Audio/video
delay

- 28 sessions - Recurrent severe audio/visual delay
(n= 1)

Difficulty logging
in

-Participant difficulty finding email with
session link (n= 1) -Participant unable
to get into waiting room (n= 1)

- Participant received
incorrect link (n= 1)
- Participant unable to
get into waiting room
(n= 1)
- Difficulty entering
session (n= 1)

- Participant stuck in the waiting room
with interventionist unaware (n= 1)
- Difficulty entering session (n= 2)

Internet
connectivity

- One dropped call (n= 12)
- Two dropped calls/session (n= 4)
- Three dropped calls/session (n= 2)

- One dropped call
(n= 3)
- Interventionist
difficulty connecting to
internet ( n= 1)

- Dropped call required phone assistance
to reenter session (n= 1)
- Dropped call and unable to reconnect,
rescheduled for later in the same day
- Dropped prior to relaxation,
interventionist unable to rejoin for
7 minutes. participant reported that he
finished the relaxation on his own (n= 1)

Disruptions - Participant phone call (n= 1)
- Participant familial disruption (n= 4)
- Participant pet disruption (n= 3)
- Participant device powered down
(n= 1)
- Participant needed to use the restroom
(n= 1)
- Unknown interruption (n= 1)

None

(continued)
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Discussion
While there is an existing body of literature supporting the
use of in-person yoga for persons with PD,22,23,28,29,70,83–89

this is one of the first studies to investigate the safety and
feasibility of a synchronous tele-yoga intervention for this
population. Feasibility trials are important to ensure that
larger RCTs are rigorous, feasible and economically justifi-
able.90 This study found one-on-one synchronous tele-yoga
to be safe and feasible for 16 individuals with mild to mod-
erate PD (Hoehn and Yahr stages 1–3) and elevated anxiety
symptoms. These findings may help to facilitate the use and
implementation of digital health to improve the access to
yoga and facilitate the integration of holistic interventions
into plans of care for persons with PD.

This study provided information about the safety of a
home-based synchronous one-on-one tele-yoga interven-
tion for people with PD. Our findings showed that there
were no severe adverse events attributed to the intervention
and no moderate adverse events with a definite relationship
to the intervention. Thus indicating that home-based
one-on-one synchronous tele-yoga was safe for individuals
with PD and anxiety. This is in line with the general yoga
literature,91 as well as the literature specific to yoga for
persons with PD22,23,61,85,92 which have all shown yoga
to be generally safe in a variety of settings. Additionally,
the existing tele-yoga literature has shown both synchron-
ous54,61 and asynchronous47,59,93 tele-yoga to be safe for
adults with different physical and mental health conditions.
It is important to note however, that most previously pub-
lished studies demonstrating the safety of tele-yoga have
not specifically included individuals with postural instabil-
ity and balance impairments. These symptoms are com-
monly experienced by people with PD3 and may increase
safety and fall risks, especially when implementing a tele-
intervention. While tele-yoga has only once been previ-
ously investigated in people with PD,61 the safety of
other remotely delivered movement-based interventions
has been more robustly investigated.41,94–97 These inter-
ventions were shown to be safe however, specific inclu-
sion criteria61 and safety precautions were often
implemented. These included encouraging another adult

to be present if needed,61,97 instructing the participant
to complete the exercises in a seated position,41 or
instructing the participant to have a wall and sturdy
chair nearby.61 In the current study, similar safety pre-
cautions were also implemented including encouraging
another adult to be present at the residence (or at least
being reachable by phone) during the yoga session and
modifying postures to facilitate balance including
having a sturdy piece of furniture nearby. So, while this
study demonstrated the safety of the intervention, there
are multiple factors that could have contributed to this
finding.

First, based on our findings and previous literature, the
synchronous delivery may have positively influenced
safety. For example, a previously conducted study that
involved an asynchronous tele-exercise intervention for
people with PD resulted in one adverse event that was
severe enough to result in withdrawal from the study.98

This serves as an example of why synchronous live-
monitoring may help to optimize the safety of tele-
interventions for this population. Adding to this, a
scoping review of home-based physical therapy for
people with PD highlighted the importance of personal
guidance and immediate feedback for optimizing safety
for this population.99 Furthermore, a cross-sectional
survey investigating the safety of yoga showed that prac-
ticing yoga by self-study without live feedback was asso-
ciated with a higher risk of injury.100 Taken together,
these findings show that the synchronous application of
digital health may help to explain our results and optimize
the safety of tele-yoga interventions in people with PD. We
suggest that for individuals with potentially severe balance
and mobility impairments, a synchronous approach should
be prioritized.

Second, the one-on-one aspect of delivery and expert-
ise of the interventionist may have also contributed to our
findings. The individual delivery allowed the interven-
tionist to observe and react in real time to each partici-
pant’s needs, which also addressed this population’s
need for personal and immediate guidance (as mentioned
above).99 While individual delivery is different from the
common delivery method for in-person yoga, which is

Table 3. Continued.

Mild
(1–3 minutes)

Moderate
(3–10 minutes)

Severe
(>10 minutes)

Difficulty in
reaching
safety contact

- Unable to reach initial contact, used
alternate contact
- Difficulty reaching safety contact
(n= 2)

- Difficulty reaching
safety contact

- Unable to reach safety contact (canceled
session) (n= 1)
- Unable to reach safety contact
(rescheduled session to later that day and
used alternate safety contact) (n= 1)
- Difficulty reaching safety contact (used
alternate safety contact) (n= 1)
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Table 4. Descriptive statistics and effect sizes for relevant clinical outcome measures.

Outcome
T0 (N= 16)
(mean± SD)

T1 (N= 16)α

(mean± SD)
T2 (N= 16)β

(mean± SD)
T3 (N= 16)β

(mean± SD) Effect size

PAS Persistent anxiety* 11.875± 3.263 10.250± 3.873 8.313± 3.439 8.688± 3.400 ηP
2= 0.351

Episodic anxiety* 4.250± 1.915 4.125± 2.419 2.938± 2.516 2.563± 1.965 K= 0.340

Avoidance behaviors* 3.750± 1.949 2.500± 2.129 2.188± 1.64 2.000± 1.63 ηP
2= 0.264

Total* 19.875± 4.924 16.8750± 7.606 13.438± 6.207 13.250± 5.698 ηP
2= 0.417

PDQ-39 ADLs 26.042± 17.314 21.094± 15.699 23.698± 14.331 20.573± 12.497 ηP
2= 0.094

Stigma* 19.531± 20.776 17.188± 19.961 16.797± 19.056 9.766± 13.876 K= 0.278

Social support 19.792± 19.454 18.229± 15.581 17.188± 18.873 9.375± 9.065 K= 0.134

Mobility 29.219± 25.195 27.656± 24.605 25.000± 22.730 23.594± 19.853 K= 0.085

EWB* 33.073± 15.772 29.167± 17.414 26.302± 16.081 18.490± 11.782 K= 0.347

Communication 22.396± 12.064 21.354± 15.205 19.792± 17.710 15.104± 10.192 K= 0.147

Cognition* 28.516± 15.473 26.953± 11.797 23.438± 13.010 17.188± 7.034 ηP
2= 0.292

Bodily discomfort 37.500± 27.889 30.729± 23.317 26.563± 20.234 27.083± 19.365 K= 0.064

Total* 27.008± 14.369 24.046± 12.464 22.347± 13.362 17.646± 8.713 ηP
2= 0.324

UPDRS NME 13.938± 5.756 13.813± 5.588 12.125± 5.402 12.313± 5.724 K= 0.097

ME* 10.438± 5.513 10.500± 6.346 12.375± 6.109 10.936± 5.904 ηP
2= 0.159

Motor examination 21.500± 9.395 22.187± 8.183 21.000± 8.595 22.063± 8.706 ηP
2= 0.031

Motor complications 5.500± 5.125 4.875± 4.193 4.375± 4.515 4.625± 4.992 K= 0.089

Total 51.375± 16.190 51.375± 15.170 49.875± 16.037 49.938± 16.510 ηP
2= 0.019

PDSS-2 Disturbed symptoms 9.125± 4.209 8.063± 4.171 8.688± 3.962 8.188± 4.213 ηP
2= 0.043

PD symptoms 3.188± 2.994 2.313± 2.330 2.750± 2.380 2.500± 3.204 K= 0.053

Motor symptoms 5.436± 3.596 4.063± 3.256 3.750± 2.595 3.688± 3.156 K= 0.073

Total 17.750± 8.458 14.438± 7.991 15.188± 7.833 14.375± 7.957 K= 0.064

BDI* 15.375± 9.415 14.812± 5.588 9.375± 5.596 7.813± 5.776 K= 0.609

FTSTS 12.256± 3.558 10.321± 2.947 11.723± 3.255 10.842± 2.577 K= 0.121

Mean scores, standard deviations, and applicable effect sizes (ηP2-for normal distribution) and W-for non-normal distribution for clinically relevant outcomes.
Symbols: α15 participants completed timepoint-2 assessment and β14 participants completed post-intervention and follow-up; item mean imputation was
used to include the missing participant in analysis, *statistically significant effect for an outcome
BDI: Beck Depression Inventory-II; EWB: emotional wellbeing; FTSTS: Five Times Sit to Stand; ME: Motor Experiences of Daily Living; NME: Non-motor
Experiences of Daily Living; PAS: Parkinson’s Anxiety Scale; PDSS-2: Parkinson’s Disease Sleep Scale-2; Parkinson’s Disease Questionnaire- 39; UPDRS: The
MDS-sponsored Revision of the Unified Parkinson’s Disease Rating Scale.
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Table 5. Additional results for relevant clinical outcome measures.

Outcome

rmANOVA(df=
)
+Friedman test
(df= 3)

Post hoc
analysis T0 vs
T1 α

(df= 15)

Post hoc
analysis T0 vs
T2 β

(df= 15)

Post hoc
analysis T0 vs
T3 β

(df= 15)

Post hoc
analysis T1 α

vs T2 β

(df= 15)

Post hoc
analysis T1α

vs T3 β

(df= 15)

Post hoc
analysis
T2 β vs T3
β

(df= 15)

PAS Persistent
anxiety

F= 8.120
p= 0.982×

10−4*

t= 1.747
p= 0.101

t= 4.047
p= 0.001*

t= 3.923
p= 0.001*

t= 2.547
p= 0.022

t= 2.396
p= 0.030

t=−0.478
p= 0.640

Episodic
anxiety

X2= 16.312
p= 0.001*

p= 0.734 p= 0.393 p= 0.066 p= 0.046* p= 0.003* p= 0.810

Avoidance
behaviors

F= 5.388
p= 0.003*

t= 2.001 p=
0.063

t= 2.981
p= 0.009

t= 3.264
p= 0.005*

t= 0.960
p= 0.352

t= 1.074
p= 0.300

t= 0.565
p= 0.581

Total F= 10.751
p= 0. 190×

10−4*

t= 1.693
p= 0.1112

t= 4.237
p= 0.001*

t= 4.434
p= 0.0004*

t= 3.658
p= 0.002*

t= 3.047
p= 0.008

t= 0.177
p= 0.862

PDQ-39 ADLs F= 1.554
P= 0.214

NA NA NA NA NA NA

Stigma X2= 13.321
p= 0.004*

p= 1.000 p= 0.903 p= 0.046* p= 0.393 p= 0.006* p= 0.316

Social support X2= 6.432
p= 0.092

NA NA NA NA NA NA

Mobility X2= 4.087
p= 0.252

NA NA NA NA NA NA

EWB X2= 16.638
p= 0.001*

p= 0.997 p= 0.283 p= 0.003* p= 0.393 p= 0.006* p= 0.318

Comm. X2= 7.070
P= 0.070

NA NA NA NA NA NA

Cognition F= 6.176
P= 0.001*

t= 0.496
p= 0.627

t= 1.979
p= 0.066

t= 3.346
p= 0.004*

t= 1.233
p= 0.237

t= 3.830
p= 0.002

t= 2.450
p= 0.027

Bodily
discomfort

X2= 3.071
p= 0.381

NA NA NA NA NA NA

Total F= 7.183
p= 0.485×

10−3*

t= 1.433
p= 0.172

t= 2.211
p= 0.043

t= 3.606
p= 0.003*

t= 1.118
p= 0.281

t= 3.188
p= 0.006*

t= 2.401
p= 0.030

UPDRS NME X2= 4.669
p= 0.198

NA NA NA NA NA NA

ME F= 2.837
p= 0.049*

t=−0.089 p
= 0.930

t=−2.547
p= 0.022

t=−0.732
p= 0.476

t=−2.179
p= 0.0457

t=−0.489
p= 0.632

t= 2.375
p=

0.0313

NA NA NA NA NA NA

(continued)

James-Palmer and Daneault 13



often delivered to a group, it more closely resembles how
typical rehabilitation interventions are delivered. We
think that the fact that the intervention was designed
and instructed by a physical therapist may have also
facilitated safety. The physical therapist employed knowl-
edge of movement disorders and clinical practice, which
was used to individually adapt each session for each par-
ticipant. The cross-section survey investigating the safety
of yoga mentioned above also indicated that the risk of
adverse events was reduced when the intervention was
provided by qualified, experienced instructors.100 This
indicates that one-on-one delivery by a knowledgeable
professional may have also facilitated safety. While indi-
vidual delivery by knowledgeable professionals can be
conducted in-person, the addition of the digital applica-
tion may have increased access to the intervention to

individuals who otherwise may not have access to it.
However, the practical application of such interventions
may be limited, and future work should focus on deter-
mining whether home-based synchronous group interven-
tions are as safe as our protocol.

In addition to providing information about intervention
safety, this study also provided information about the feasi-
bility of the approach. Participant retention was 87.5%,
assessment adherence was 100%, and intervention adher-
ence was 97%. Additionally, while technological chal-
lenges occurred, they did not disrupt the amount of yoga
received and the participant-reported usability showed a
mean score of 81.3± 17.1. This demonstrates that a home-
based one-on-one synchronous tele-yoga for people with
mild to moderate PD and elevated anxiety symptoms was
feasible. Similar to the safety of the intervention, the

Table 5. Continued.

Outcome

rmANOVA(df=
)
+Friedman test
(df= 3)

Post hoc
analysis T0 vs
T1 α

(df= 15)

Post hoc
analysis T0 vs
T2 β

(df= 15)

Post hoc
analysis T0 vs
T3 β

(df= 15)

Post hoc
analysis T1 α

vs T2 β

(df= 15)

Post hoc
analysis T1α

vs T3 β

(df= 15)

Post hoc
analysis
T2 β vs T3
β

(df= 15)

Motor
examination

F= 0.486
p= 0.694

Motor
complications

X2= 4.268
p= 0.234

NA NA NA NA NA NA

Total F= 0.291
p= 0.831

NA NA NA NA NA NA

PDSS-2 Disturbed
symptoms

F= 0.674
p= 0.573

NA NA NA NA NA NA

PD symptoms X2= 2.556
p= 0.465

NA NA NA NA NA NA

Motor
symptoms

X2= 3.523
p= 0.318

NA NA NA NA NA NA

Total X2= 3.019
p= 0.389

NA NA NA NA NA NA

BDI X2= 29.240
p= 0.199×

10−5*

p= 0.986 p= 0.026* p= 0.23×
10−3*

p= 0.009* p= 0.51×
10−4*

p= 0.562

FTSTS X2= 5.792
p= 0.122

NA NA NA NA NA NA

Results of repeated measures ANOVAs, Friedman Tests and post-hoc analysis. Symbols: α15 participants completed timepoint-2 assessment and β14
participants completed post-intervention and follow-up, item mean imputation was used to include the missing participant in analysis, +Friedman Test
results, *statistically significant (α= 0.05-rmANOVAs, α= 0.016-post hoc analysis (corrected for multiple comparisons)
BDI: Beck Depression Inventory-II; Comm.: communication; EWB: emotional well-being; FTSTS: Five Times Sit to Stand; ME: Motor Experiences of Daily Living;
NME: Non-motor Experiences of Daily Living; PAS: Parkinson’s Anxiety Scale; PDSS-2: Parkinson’s Disease Sleep Scale-2, Parkinson’s Disease
Questionnaire-39; UPDRS: The MDS-sponsored Revision of the Unified Parkinson’s Disease Rating Scale.
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feasibility of the intervention may have been facilitated by
multiple factors.

First, the ability to reschedule the tele-yoga sessions may
have positively contributed to the intervention’s feasibility.
People with PD often experience fluctuations in symp-
toms101,102 and busy schedules attributed to multiple health-
care appointments. This can result in variable availability.
Therefore, providing flexible scheduling and the ability to
reschedule may have helped participants maintain high adher-
ence to the intervention sessions. In fact, a systematic review
of physical activity interventions for older adults showed that
convenient scheduling helped to improve intervention adher-
ence.103 With this, the one-on-one delivery of the intervention
may have facilitated flexibility in scheduling.While one-on-one
delivery does not necessarily mean that rescheduling will occur,
it is easier to offer flexible rescheduling optionswith one-on-one
delivery compared to group delivery. An example of this is
shown in a previously conducted group tele-yoga study that
demonstrated feasibility challenges due to scheduling difficul-
ties.51 Another study showed that a participant had to miss a
group tele-yoga session due to a doctor’s appointment.61

Thus, the one-on-one delivery and flexible scheduling may
have facilitated the high adherence demonstrated here.

Second, the implementation of synchronous delivery may
have helped to facilitate adherence. Synchronous delivery pro-
vided the opportunity for social interaction with the interven-
tionist, individualization, and feedback. Feedback has been
shown to motivate people with PD to start and continue exer-
cise programs.104 Furthermore, a study comparing asynchron-
ous and synchronous telerehabilitation for individuals with
spinal cord injury showed higher adherence to the synchron-
ous delivery method compared to the asynchronous delivery
method.105 This supports the idea the synchronous delivery
may have positively influenced adherence and feasibility here.

Third, the high levels of enjoyment shown by partici-
pants for the intervention and its various components may
also help to explain the high adherence and related feasibil-
ity. Higher enjoyment has been shown to be associated with
higher intervention adherence.106 All participants reported
that they liked engaging in the yoga sessions one-on-one
in their own homes. This may be because people with PD
can experience stigma which often results in anxiety, fear,
or discomfort when being watched by/engaging with
others.107 People with elevated anxiety and PD may experi-
ence this even more and may especially benefit from
one-on-one remote delivery as implemented here. All parti-
cipants also mentioned that they found the instructor
helpful, and some explained that they liked the intervention
because of the instructor’s style and demeanor. Other
studies have shown that satisfaction with an instructor
may be a contributing factor to exercise enjoyment.108

Therefore, the high levels of enjoyment may be attributed
to the one-on-one remote home delivery and instructor
characteristics. This may have subsequently impacted
adherence and feasibility.

In addition to the safety and feasibility of the interven-
tion our findings demonstrated preliminary improvements
in anxiety and depressive symptoms, as well as in quality
of life. These results are in line with previously published
studies for people with PD that have shown similar benefits
for anxiety, depression, and quality of life following
in-person yoga22,109 and group-based tele-yoga.61 These
outcome measures also demonstrated moderate to large
effect sizes which can be used to help power future RCTs.

There are limitations to the current study. First, it was a
small unblinded, single group, non-randomized study.
People were recruited regardless of disease severity,
disease duration, and medication status. These broad inclu-
sion criteria could impact the ability to interpret the efficacy
of this intervention. However, the participants’ heterogen-
eity helped to demonstrate the safety and feasibility of the
tele-yoga intervention for a variety of individuals with
PD. Second, participants self-reported all information
related to the inclusion and exclusion criteria. Reliance on
self-report for most of the eligibility criteria may have
resulted in the inclusion of individuals who did not accur-
ately meet the criteria. Third, due to the novel nature of
this study, some of the measures, including the rating of
the severity of technological challenges, do not have estab-
lished validity and reliability. With this, some of the bench-
marks were established using the expertise and clinical
reasoning of the study authors. However, our methods
and rationale are clearly described in this paper. Fourth,
because the study started slightly before the SARS-CoV-2
pandemic, there were circumstances that could not be con-
trolled that may have impacted adherence and mental health
throughout. Specifically, the global SARS-CoV-2 pan-
demic has been shown to impact mental health and
quality of life in persons with PD.110 Fifth, selection bias
may have occurred, as participants were a self-selected
cohort, such that people familiar with yoga and/or already
involved in physical activity may have been drawn to par-
ticipate in the study more than other individuals. Lastly, it
is important to note that as this study was a safety and feasi-
bility study, assessing efficacy was not its main purpose.
Consequently, the study was not designed or powered to
assess the efficacy and those results should be interpreted
cautiously. While these factors should be taken into consid-
eration when interpreting the study results, the results are
promising and can be used to inform future RCTs.

Conclusions
Previous work has shown in-person yoga to be a benefi-
cial22,23,28,29,70,83–89 and safe complementary intervention
for persons with PD. Barriers, however, may limit access
to this approach especially for individuals with PD and ele-
vated anxiety symptoms. A digital health or tele-delivery
approach may help to attenuate those barriers. Prior to the
current study, the safety and feasibility of this type of
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approach were unknown for this specific subpopulation of
individuals with PD. Therefore, we showed here that
one-on-one synchronous tele-yoga is safe and feasible for
individuals with mild to moderate PD and elevated
anxiety symptoms. With the results of this study confirming
the safety and feasibility of this approach in this sub-
population of persons with PD, future RCTs should be
initiated.
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