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Abstract

Objective: To investigate the effects of two 12-week exercise training interventions, movement-
to-music (M2M) and adapted yoga (AY), on physical and psychosocial outcomes in people with
multiple sclerosis (MS).

Design: Three-arm randomized controlled proof-of-concept trial.
Setting: A community-based fitness facility.

Participants: Participants (N = 81) with MS (Patient Determined Disease Steps [PDDS] self-
reported disease status scores: 0-6) between ages of 18 and 65 years were randomized to M2M
(n=27), AY (n=26), or waitlist control (n=28).

Interventions: Both M2M and AY completed three 60-minute exercise sessions per week for
12 weeks. Waitlist controls received biweekly newsletters via mail that contained educational
information on living with MS.

Main Outcome Measures: Primary measures were timed Up and Go (TUG, s) test, 6-minute
walk test (6EMWT, m), and 5 times sit-to-stand test (FTSST, s). Secondary measures were
self-reported outcomes assessed using Patient-Reported Outcomes Measurement Information
System Fatigue and Pain Interference Short Form 8a. Participants were evaluated at baseline and
postintervention. Primary analyses were performed using an intent-to-treat mixed model analysis
of covariance.

Results: Comparisons across all 3 groups revealed significant group differences in TUG
and 6MWT. Post hoc analyses indicated significant improvements in TUG (least square mean
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difference [95% confidence interval] = —1.9s [-3.3 to -0.5], P=.01, ¢=0.7 and 6MWT (41.0m
[2.2-80.0], P=.04, a=0.6; controlled for PDDS) in M2M compared to controls, while no significant
differences were observed when compared AY to controls. No significant group differences were
found in FTSST, fatigue, and pain interference.

Conclusions: M2M may be a useful and enjoyable exercise form for people with MS in
improving mobility and walking endurance and merits long-term study in larger study populations.
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Multiple sclerosis (MS) is characterized by demyelination and axonal loss of the central
nervous system, which progressively results in neurologic dysfunction? and is often
accompanied by mobility limitations, reduced fitness, and increased risk of falls.23 Regular
exercise has been recognized as an important health behavior in the general population.*>
For people with MS, numerous studies have shown the benefits of exercise on muscle
strength,5:7 aerobic fitness, pain,? fatigue,10 fall risk,11 and other secondary conditions.1?
However, evidence suggests that people with MS are much less physically active than the
general population.13-16 Engaging in regular exercise can be challenging. Asano et all’
surveyed 417 people with MS and found “dislike exercise” and “find exercise boring”
common reasons for not exercising. Developing alternative exercise forms, thus, becomes
critical in helping people find activities that fit their interests and needs.

A critical aspect of an exercise intervention is to ensure that it is enjoyable so that
individuals are more likely to remain active over time. Traditional exercises such as
treadmill walking or stationary cycling can often be perceived as boring, because these
exercises usually involve repetitive, continuous movements.18 In addition, outdoor activities
may be difficult for people with MS due to mobility deficits and potential disease
exacerbation when exposed to heat and humidity.19-21 Alternative exercise forms such as
yoga have become increasingly popular among people with MS.22-33 |n a systematic review
of 7 randomized controlled trials, Cramer et al34 reported positive short-term effects of yoga
on fatigue and mood in people with MS.

In designing exercise interventions to address MS symptoms, incorporating music into
movement-based programs can potentially lead to greater enjoyment and serve as an
adjunct to standard rehabilitation.33% In fact, evidence has suggested dance as a promising
intervention for improving physical functions in people with Parkinson disease,36:37
stroke,38 and other disabling conditions.3841 To date, there are only 3 studies that have
examined the effects of dance on mood, self-esteem, mobility, gait, balance, and physical
activity in people with MS.2:3542

There is a need to provide alternative, more enjoyable forms of exercise that can positively
affect the physical function and health of people with MS. Thus, the purpose of this study

was to examine the effects of 2 exercise interventions, a novel dance-based program termed
movement-to-music (M2M), and an adapted yoga (AY) program, on the physical (mobility
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and balance, walking endurance and lower extremity functional strength) and psychosocial
(fatigue and pain interference) outcomes in people with MS.

Methods
Study design

This study was designed as a 3-arm randomized controlled trial comparing the effects

of M2M, AY, and a waitlist control (WC). Eligible participants who provided informed
consent and completed baseline testing were randomly assigned to M2M, AY, or WC

using computer-generated randomization by a statistician who was not involved with the
interventions. Assignments were sealed in opaque envelopes opened by each participant.
Although participants and study staff who supervised intervention delivery were not blinded
to group assignments, all outcomes measures were administered by blinded assessors.
Participants in WC were offered a 12-week home-based M2M posttesting, which is a
separate ongoing study.

Participants

Potential participants were identified from the membership database of a community-based
health and fitness facility for individuals with physical disabilities, physician referrals,
flyers, informational mailings, and word of mouth. A sample size of 60 was determined for
purpose of estimating effect sizes for future studies.*3 Interested participants were enrolled if
they self-reported a diagnosis of MS, with a Patient Determined Disease Steps (PDDS) score
between 0 and 6. The PDDS is an ordinal scale ranging from 0 (normal) to 8 (bedridden).

It is a simple and practical tool for measuring self-reported disability status*4-46 and has a
strong correlation (7s=0.8) with the Expanded Disability Status Scale.** Additional inclusion
criteria included ages of 18-65 years, ability to exercise with arms and/or legs, and physician
clearance. Exclusion criteria included participation in a similar intervention in the last 6
months, use of tobacco products in the last 6 months, unstable weight, cognitive impairment
(Mini-Mental State Exam score <24), active pressure ulcer, and any contraindications to
exercise based on the American College of Sports Medicine guidelines.4” Four types of
adverse events (AEs), as defined by the Behavior Change Consortium of the National
Institutes of Health,8 that were monitored are as follows: falls, cardiovascular-related
episodes, musculoskeletal-related events, and health care use. The study was approved by
the Institutional Review Board of the institution and was conducted in accordance with a
clinical trial protocol registered at ClinicalTrials.gov.

Interventions

Both M2M and AY consisted of three 60-minute sessions per week for 12 weeks. All

36 sessions for both interventions took place in an exercise room of the fitness facility.
Resting blood pressure,2 resting heart rate, and oxygen saturation® were recorded before and
after class. Participants also reported rating of perceived exertion at the end of each class.
For safety purposes, exercise heart rate® was monitored during class to ensure that it did

a. Fingertip pulse oximeter Spo2 PR monitor; ChoiceMMed.
b. MDF 840 professional blood pressure monitor; MDF Instruments Direct, Inc.
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not exceed 80% of age-predicted maximal heart rate. Make-up classes were offered when
needed.

Movement-to-music—The M2M intervention aimed to progressively improve mobility
using combinations of movement forms that were structured to target 3 fitness components:
strength, cardiorespiratory endurance, and balance. Table 1 highlights the general

structure of M2M. Each class was choreographed by an experienced dance instructor

and incorporated multiple movement routines accompanied with music. Every routine
specifically targeted a fitness component, with the movements and tempo adapted to
participants’ functional level. For example, standing routines were adapted to seated
versions for participants who experienced excessive fatigue during prolonged standing. Each
class began with a warm-up routine that focused on upper and lower extremity range of
motions performed in a seated position, followed by upper extremity muscle strengthening,
cardiorespiratory endurance, lower extremity muscle strengthening, and balance routines
performed either seated or standing with or without support of a dance barre. The class
ended with a cool-down routine that emphasized breathing and mindfulness. Equipment
included chairs, wrist weights, TheraBands, exercise balls, and ribbons.

Adapted yoga—The AY intervention was taught by yoga instructors who were YogaFit
level 1 certified and had experience adapting yoga for people with disabilities. The
intervention was delivered in the lyengar approach to Hatha yoga.29:3! Each class consisted
of a series of stationary poses that used isometric contraction and relaxation techniques to
obtain specific body alignments, which were performed either seated or standing. Classes
were based on the 3-Mountain format, which included a warm-up phase (Mountain 1), work
phase (Mountain 2), and cool-down phase (Mountain 3). This format provided consistency
between classes while progressively introducing new and advanced poses to participants.
The class was adapted for participants with limited flexibility and/or strength by using props
(ie, chairs, straps) to help with performing poses. Each class ended with relaxation.

Waitlist control—WC participants received biweekly newsletters that provided
educational information on living with MS. Information was obtained through the National
Center on Health, Physical Activity and Disability. Participants were instructed to
maintain usual activities.

Outcome measures

All participants completed a baseline demographic and health history questionnaire that
included age, sex, race, health history, and PDDS. Anthropometric measures included
height, weight, and body mass index. Primary and secondary outcomes were assessed
by qualified exercise physiologists who were trained to administer the measures with a
standardized testing protocol at baseline and postintervention.

Primary outcomes—The primary outcomes were changes in mobility and balance,
walking endurance, and lower extremity functional strength. Mobility and balance were

c. BiohamessTM 3; Zephyr Technology.
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assessed with the timed Up and Go (TUG) test. The TUG was recorded as the time required
to rise from a chair, walk to a 3-m mark, turn around, walk back to the chair, and sit
down.?9:51 Walking endurance was measured using the 6-minute walk test (6MWT), where
distance walked over 6 minutes was documented in meters.52:53 The 5 times sit-to-stand
test (FTSST) was used to measure lower extremity functional strength and was recorded as
the time required to stand up and sit down (seat height=47.5cm) as quickly as possible 5
times without assistance.>* The FTSST is commonly referred to as a functional strength test
because it is a common activity of daily living.>*->7

Secondary outcomes—The secondary outcomes were changes in self-reported scores
for fatigue and pain interference over the past 7 days. Fatigue was assessed with the
Patient-Reported Outcomes Measurement Information System (PROMIS)?8 Fatigue-Short
Form 8a (adult v1.0),° which contains 8 items on a 5-point Likert scale, ranging from
neverto always. The influence of pain on performing daily activities was assessed with the
PROMIS Pain Interference-Short Form 8a (adult v1.0),%° which contains 8 items with 5
response options ranging from not at all (1) to very much (5). Both forms have raw scores
range from 8 to 40, with higher scores indicating more fatigue or pain interference.

Program adherence was calculated as a percentage of the number of classes offered (36) to
the number of classes attended.

Statistical analysis

Descriptive statistics were used to summarize participant baseline characteristics. Data were
presented as means + SD (n). Baseline variables were compared between groups using
1-way analysis of variance to test for homogeneity. When PROMIS short-form items were
unanswered, a total prorated raw score was approximated using the following formula if
minimum number of items required by the instrument were answered:

Total pro — rated score =
(Raw sum X x number of items on the short form)

Number of items that were actually answered

The total raw or prorated score was translated into a T score for analyses.59

Our primary and secondary analyses focused on comparing outcomes between M2M, AY,
and WC. Primary analyses were performed using an intent-to-treat mixed model analysis of
covariance, with the corresponding baseline measure and intervention group as covariates,
and the intervention wave (study delivered in five 3mo intervention waves) as random
effect. Secondary analyses were conducted with PDDS as an additional covariate. Post hoc
analyses were performed to identify differences between groups when the global test for
the intervention term in analysis of covariance was significant.%1 Least square mean (LSM)
differences with 95% confidence interval (CI) and corresponding effect sizes (Cohen’s )
were estimated for each outcome. All analyses were performed using Statistical Analysis
System version 9.4.9 statistical significance was accepted at A<.05.

d. Statistical Analysis System, version 9.4; SAS Institute, Inc.
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Results

There were 171 individuals approached between December 2014 and August 2016, with
81 enrolled in the study (n=27 in M2M; n=26 in AY; n=28 in WC). Figure 1 provides the
CONSORT diagram showing participant flow through the study.

Participant baseline characteristics are presented in table 2. There were no statistical
differences between groups with respect to all baseline characteristics and measures for
primary and secondary outcomes.

Primary outcomes

Table 3 displays all descriptive and statistical indices for TUG, 6MWT, and FTSST. A group
difference in TUG change score was found statistically significant (F(,57)=3.7; P=.03).

Post hoc analyses revealed that TUG time was significantly lower in M2M compared to

WC postintervention (LSM difference [95% CI]=-1.9s [-3.3 to —0.5], P=.01, ¢=0.7). No
significant TUG improvement was found in AY compared to WC.

There was a significant group difference in 6MWT after accounting for PDDS (F(y,51)=4.5;
P=.04). Post hoc analyses revealed that BMWT distance increased significantly in M2M
compared to WC (LSM difference [95% CI1])=41.0m [2.2-80.0], ~=.04, 0=0.6), whereas no
significant improvement was observed in AY compared to WC.

For FTSST, no statistically significant group difference was observed postintervention
(F(2,47)=0.9; P=.41). The difference remained nonsignificant after controlling for PDDS.

Secondary outcomes

All descriptive and statistical indices for fatigue and pain interference are presented

in table 3. There was no statistically significant group difference in change in

fatigue (F(2,47)=1.61; P=.21), but when controlling for PDDS, the difference approached
significance (F(1 47)=3.22; P=.08). Figure 2 illustrates the distribution of fatigue data at
baseline and postintervention by study group. Post hoc analyses revealed a trend in fatigue
reduction in M2M compared to WC (LSM difference [CI] = -3.6 [-7.9 t0 0.7], P=.09,
a=0.5). There was no statistically significant group difference in change in pain interference
postintervention (F(; 53)=0.36; A=.70), and this remained nonsignificant after controlling for
PDDS.

Adherence and AEs

Average attendance was 53.7% for M2M and 67.7% for AY, with an average of 7 make-
up classes offered per wave. An overview of study-related and nonstudy-related AEs are
presented in table 4.

Discussion

The primary findings of this proof-of-concept study are that, compared to controls who were
instructed to maintain usual activities, M2M participants showed statistically significant
improvements in mobility and walking endurance after 12-week intervention. On the other
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hand, evidence from comparing AY and WC indicated that AY participants had improved
mobility that was not statistically significant and had no change in walking endurance
postintervention.

The significant findings of the present study on TUG and 6MWT improvements in M2M
agree with previous studies in MS3® and Parkinson disease.#1:62.63 Mandelbaum et al3®
examined effects of a 4-week salsa dance intervention and reported a significant TUG
improvement in 8 participants with MS. In our study, we observed moderate effect sizes

for TUG and 6MWT between M2M and WC. However, the improvements observed in
M2M (1.3s for TUG and 33.7m for 6MWT) did not reach the minimal important difference
of TUG (10.6s) and 6MWT (76.2m) reported by Learmonth et al®* in people with MS.

One possible explanation is that participants in the study by Learmonth had a higher
severity and narrower range of disability status (average Expanded Disability Status Scale
score=6.0 [range: 5.0-6.5]) compared to our participants (average PDDS=2.4 [range: 0-6]).
The minimal important difference values, thus, might not be appropriate for interpreting
clinical significance of outcome improvements in participants with less severity and a wider
range of disability status. Nevertheless, Sosnoff et al®® suggested that decreased balance and
walking endurance were associated with greater risk of falls in people with MS. The TUG
and 6MWT improvements observed in M2M provide promising preliminary data for future
investigation on preventing falls using M2M in this population. More studies are needed to
examine the clinical difference of including participants with a similar range of disability
severity in M2M.

Interestingly, no significant FTSST improvement was observed in M2M participants
compared to controls, despite the significant findings in TUG and 6MWT. A possible
explanation for this nonsignificant result is that a sit-to-stand motion requires different
kinematics and greater muscle strength compared to walking.6:67 Although M2M involved
sit-to-stand motions during movement transitions, the focus was to enhance mobility so

the intervention may not have been of sufficient training intensity to improve this specific
motion. Future studies should consider incorporating specific training routines for improving
the sit-to-stand motion in people with MS.

There was no statistically significant improvement in all physical outcomes observed in

AY compared to controls. Previous studies on yoga and MS have mainly focused on its
psychosocial benefits. Rogers et al® suggested that more research is needed to determine

its effects on MS symptoms including impaired mobility. The effect sizes observed in

the present study for AY on TUG (¢=0.5), BMWT (¢=0.3), and FTSST (¢=0.3) thus add

to the current MS literature. It is logical to postulate that M2M would result in better
mobility outcomes because it involves more dynamic movements while AY consists of more
stationary poses. Further investigation is required to examine specific elements of M2M that
lead to these physical improvements.

Fatigue is one of the most common MS symptoms.® In this study, participants in all 3
groups had an average baseline self-reported PROMIS fatigue score that was approximately
1 SD higher than the average of US general population (T score of 50),70 suggesting higher
fatigue levels in this population.®® Our data also indicate a wide fatigue score distribution

Arch Phys Med Rehabil. Author manuscript; available in PMC 2022 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Young et al.

Page 8

at baseline and postintervention among the 3 groups. The broad MS severity range of

our participants could potentially explain the varying fatigue levels observed. In addition,
fatigue in MS is multifactorial in nature and can be caused by different mechanisms, which
could also contribute to the observed variability.”? Future investigation should distinguish
mechanisms and causes that lead to fatigue in people with a range of MS severity and
examine potential influences of M2M and AY on different types of fatigue.

Rhythmic-based M2M offers a unique and enjoyable way to obtain regular exercise. It may
serve as a viable adjunct to other forms of exercise that may be less appealing to some

or many people with MS. The M2M intervention was designed to target mobility through
enhancing range of motion, muscular strength, endurance, and balance through routines

that can be adapted for individuals with a wide range of physical function. It is currently
unknown if a greater training effect can be achieved when classes are offered for participants
with similar functional levels. This remains an area for future research.

Finally, it is important to recognize that M2M is not limited to 1 dance style (eg, ballet,
jazz, salsa), because its goal is to use various rhythmic movements to target different fitness
components. Care should be taken when extrapolating the results of this study to other
specific types of dance interventions.

Study limitations

Our study had limitations. First, we did not identify the types of MS (eg, relapsing-
remitting, secondary-progressive), which could have influenced how participants responded
to assigned interventions. Second, although exercise adaptations were provided in both
interventions, participants with higher functional levels may have had a lower training effect
than participants with lower functional levels. Third, activity level of the WC participants
was not monitored so we could not objectively confirm that they maintained usual activities
during the study period. Fourth, similar to exercise studies in other disability groups,’?

our study experienced barriers including transportation, scheduling conflicts, and effects of
weather on MS symptoms. Finally, the present study included participants with a wide range
of MS severity so the observed results should be interpreted with caution. Considerations for
overcoming these limitations should be incorporated into future research.

Conclusions

Findings from this proof-of-concept study suggest that a 12-week M2M intervention may
be effective in improving mobility and walking endurance in participants with MS while
no significant improvements were observed in participants undergoing a 12-week AY
intervention. Future studies should examine specific intervention elements as well as the
physiological mechanisms that contributed to the functional improvements observed in
M2M.
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Assessed for eligibility (N=171)

[ Enrollment ]
Excluded (n=90)
o Not meeting inclusion criteria (n=38)
o Declined to participate (n=34)
e Closed enrollment (n=7)
e Could not contact (n=10)
o Withdrew prerandomization (n=1)
[ Allocation ] Randomized (n=81)
v v l
Allocated to M2M (n=27) Allocated to AY (n=26) Allocated to WC (n=28)
e Received allocated e Received allocated
intervention (n=12) intervention (n=18)
e Did not receive allocated o Did not receive allocated
intervention (n=15) intervention (n=38)
Personal conflict (n=0) Personal conflict (n=1)
Medical (n=3) Medical (n=5)
Scheduling conflict (n=4) Scheduling conflict (n=1)
Transportation (n=4) Transportation (n=0)
Unknown (n=4) Unknown (n=1)
v
[ Follow-up ]
Completed follow-up (n=21) Completed follow-up (n=21) Completed follow-up (n=19)
Partial follow-up (n=2) Partial follow-up (n=1) Partial follow-up (n=4)
Lost to follow-up (n=3) Lost to follow-up (n=5) Lost to follow-up (n=5)

Fig 1.
CONSORT diagram reflecting flow of participants through the study. Partial follow-up
indicates participants did not complete entire set of postintervention assessments.
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Box plot illustrating the distribution of fatigue data at baseline and postintervention,
separated by the 3 study groups.
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Table 4

Overview of study- and nonstudy-related adverse events

M2M Yoga Control
(n=27) (n=26) (n=28)

AEs related to the study (n)

Falls 0 0 0
Cardiovascular-related episodes 0 0 0
Musculoskeletal-related events 1 0 0

Muscle strain 1* 0 0
Health care use 0 0 0

AEs not related to the study (n)
Falls
Cardiovascular-related episodes
Stroke
Musculoskeletal-related events
Stress fracture

Knee pain

o B B N O O o
o o o ©O +» +» o
o O o o o o o

Health care use

*
The 1 study related musculoskeletal-related event (muscle strain) was treated with rest and ice prior to the participant returning to the intervention.
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