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Background: Adherence to home-based exercise programs can be improved by determining the factors associated with exercise
adoption and maintenance in patients with multiple sclerosis. However, the factors that influence adherence to home-based exercise
have been poorly studied among patients with multiple sclerosis in Saudi Arabia. This study aimed to examine predictors of adherence
to home-based exercise programs among patients with multiple sclerosis in Saudi Arabia.

Methods: This was a cross-sectional observational study. A total of forty individuals (mean age = 38.65 + 8.16 years) diagnosed with
multiple sclerosis participated in the study. Outcome measures were self-reported exercise adherence, the Arabic version of exercise
self-efficacy, the Arabic version of patient-determined disease steps, and the Arabic version of the fatigue severity scale. All outcome
measures were assessed at baseline, except for self-reported adherence to exercise, which was measured after 2 weeks.

Results: Our results showed that the adherence to home-based exercise programs was significantly positively correlated with exercise
self-efficacy and negatively correlated with fatigue and disability. Exercise self-efficacy (p = 0.62, p < 0.01) and fatigue (B =—0.24, p =
0.04) were significant predictors of adherence to home-based exercise programs.

Conclusion: These findings suggest that exercise self-efficacy and fatigue should be considered by physical therapists when designing
a tailored exercise program for patients with multiple sclerosis. This may facilitate greater adherence to the home-based exercise
programs and improve functional outcomes.
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Introduction

Multiple sclerosis (MS) is a common neurological condition. MS was estimated to affect 36 per 100,000 of the global
population by 2020." The prevalence of MS is also increasing in Saudi Arabia, where it affects 40.4 per 100,000 of the
population. In Saudi Arabia, MS is more common in females than males, which is similar to its global prevalence.”
Physical disability, depression, fatigue, loss of balance, and falls are common among patients with MS and affect their
quality of life.>*

Physical therapy is frequently used alongside medication for managing patients with MS.>° Due to the progressive
nature of MS and the decline in activity levels, patients commonly require long-term exercise interventions. Many studies
suggest that physical therapy exercise can be beneficial for the physical, cognitive, and psychological functions of
patients with MS.” ' Home-based exercise programs can help patients with MS overcome barriers to long-term exercise
in clinics, such as lack of time, distance, transportation, disability, and high costs.®

The effectiveness of home-based exercise programs for patients with MS depends on adherence to exercise.®'!
However, patients with MS have poor adherence to long-term home-based exercise programs.® Some studies found barriers
to poor adherence to exercise among patients with MS, such as disability, fatigue, and low self-efficacy levels.'''* Studies
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have shown that nonadherence to home-based exercise programs is associated with negative functional outcomes, increased
healthcare costs, and low exercise self-efficacy.®!!"1416

Self-efficacy is essential for effective self-management and can be used to improve physical and psychological health
outcomes in patients with MS.'® Despite the importance of exercise self-efficacy in adherence to home-based exercise
programs, few studies have been conducted globally to examine the association between exercise self-efficacy and
adherence to home-based exercise programs among patients with MS. Exercise self-efficacy is the belief in one’s ability
to exercise. The adoption and maintenance of exercise have been linked to self-efficacy.'’” Previous studies found
a positive association between exercise self-efficacy and physical activity.'>'® 2% Another study found that fatigue and
pain self-efficacy play an important role in MS treatment.'® A high self-efficacy level may result in higher goal setting
and adherence to that goal, whereas a low self-efficacy level may result in the opposite.'>?*** Patients with MS who
have high levels of exercise self-efficacy adhere more to exercise programs and have a higher quality of life than those
with low levels of exercise self-efficacy.'>?*® The positive association between adherence to exercise and exercise self-
efficacy could reciprocally influence each other.

Adherence to home-based exercise programs can be improved by determining the factors associated with exercise
adoption and maintenance in patients with multiple sclerosis. However, these factors have been poorly studied among
Saudi patients with multiple sclerosis. Therefore, the purpose of this study was to examine predictors of adherence to
home-based exercise programs among patients with multiple sclerosis in Saudi Arabia.

Materials and Methods
Study Design and Setting

An observational cross-sectional study was conducted in outpatient physical therapy MS clinics at King Saud Medical
City and King Salman Social Center in Riyadh, Saudi Arabia. This study was conducted in accordance with the
Declaration of Helsinki and approved by the College of Medicine Institutional Review Board at King Saud University,
Riyadh, Saudi Arabia (E-21-6491). All participants provided informed consent prior to participation.

Participants

A sample of forty Saudi patients with MS were recruited to participate in the study. The participants were clinically
diagnosed with MS, aged 18 years or older, and participated in home-based exercise programs prescribed by certified
physical therapists. The study excluded participants who experienced a recent MS relapse in the last 30 days, had
comorbidities that would prevent them from participating in home-based exercise programs, such as other neurological,
orthopedic, and cardiopulmonary conditions, or had a cognitive impairment with a score < 24 on the mini-mental state
examination. We targeted a sample size of forty patients with MS based on a power analysis using G*Power (v.3.1.9.7)
The statistical test conducted on G-Power was the correlation bivariate normal test with a power of 95%, a one-tailed
alpha level of 5%, and a moderate correlation between outcome measures (r =0.50) were assumed.”’

Home-Based Exercise Programs

All participants received home-based exercise programs prescribed by their physical therapists. The home-based exercise
program was designed to improve muscle strength, flexibility, balance, and endurance. The program included strengthen-
ing exercises at moderate intensity for the upper extremity, lower extremity, and core muscles, including arm elevation
with dumbbells, leg abduction with an elastic exercise band, and abdominal crunches using body weight. Stretching
exercises included biceps stretches, hamstring stretches, and ankle rotations. Standing balance exercises included
straight-line walking with as little assistance as possible. Aerobic exercise at moderate intensity included walking for
ten minutes. The recommended frequency of the exercise sets was three times per week with a set of 8—10 repetitions for
45 minutes. The participant had 2—5 minutes of rest between sets. The intervention was based upon an exercise training

guideline for patients with multiple sclerosis.*
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Outcome Measures

Self-Reported Exercise Adherence

The adherence rate was defined as a percentage of the total number of exercises completed compared with the number of
prescribed exercises.”® To complete the self-reported adherence, all participants obtained an exercise diary, as well as
adequate instructions on how to fill it out. The participants were asked to report their adherence to home-based exercise
programs for two weeks. To calculate the adherence rate, the total number of completed exercises for each participant in
each session (ranging from 0-8 exercises) was divided by the total number of prescribed exercises. For determining the
adherence rate, we used data from the exercise diary. In the exercise diary, a high percentage of exercise reported
indicated a high adherence rate to home-based exercise programs.

The Arabic Version of Exercise Self-Efficacy (ESE-A)

The level of exercise self-efficacy was evaluated at baseline by the Arabic version of exercise self-efficacy (Cronbach’s o
=0.89).% It is a valid and reliable self-reported outcome measure for determining the level of exercise self-efficacy in
patients with MS. The scale consists of 18 items that measure exercise self-efficacy in various situations, with responses
ranging from “0” (can’t do exercise) to “100” (certainly can). The total scores for exercise self-efficacy were calculated
as the sum of all scale items, then divided by the total number of items. A higher score indicated a higher level of
confidence in performing the exercise.*”

The Arabic Version of Patient-Determined Disease Steps (PDDS-A)

The disability severity was measured at baseline and assessed by the Arabic version of patient determined disease steps.’! It is
avalid and reliable self-reported outcome measure for determining the severity of disability in patients with MS. It consists of nine
ordinal levels, ranging from the lowest “0” (normal level of disability severity) to the highest “8” (severe level of disability).**

The Arabic Version of the Fatigue Severity Scale (FSS-Ar)

The severity of fatigue symptoms was measured at baseline and assessed by the Arabic version of the fatigue severity
scale (Cronbach’s a =0.84). It is a valid and reliable self-reported outcome measure for determining fatigue severity
among Arabic-speaking patients with MS.>® This scale measures the severity of fatigue symptoms based on their impact
on motivation, exercise, physical function, and daily activities among patients with MS. This scale consists of nine items,

“1”

with responses ranging from (strong disagreement) to “7” (strong agreement). The total score ranges from 0 to 63,

with a total score of 36 or more indicating that the individual was fatigued.**

Statistical Analysis

Data were analyzed using SPSS version 25 (IBM, Armonk, NY). The appropriate descriptive statistics were used to
summarize the characteristics of participants and the outcome measures for the study. The Mann—Whitney U-test was used
to compare the outcome measures between the female and male. A Pearson correlation coefficient was used to examine
correlations between variables. Multiple linear regression was used to assess the independent association between adherence to
home-based exercise programs and the characteristics of participants and study outcome measures. We only included variables
that demonstrated bivariate associations with adherence to home-based exercise programs. This model was developed using
stepwise model selection methods and variables in model with the highest R-square kept as the most parsimonious model. We
did not include additional covariates considering that only 2—3 variables should be included in a model with our small sample
size. Multicollinearity was checked by calculating tolerance and variance inflation factors in the regression model. The results
indicate no problems of multicollinearity. Statistical significance was set a priori at two-sided p < 0.05.

Results

Characteristics of Study Participants

In total, 40 patients with MS participated in this study, with a mean (SD) age of 38.65 + 8.16 years. More than half of the
participants (57%) were female, and 90% received social support. Most of the participants were clinically diagnosed with
relapsing-remitting MS (87.5%), and the average MS duration was 11.19 + 6.99 years. Referring to their history of falls,
65% reported no falls in the past 30 days (Table 1).
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Table | Characteristics of Study Participants (N= 40)

Characteristics N (%)
Gender

Female 23 (57.5)

Male 17 (42.5)
Age (years)* 38.65 + 8.16
Marital Status

Single 12 (30)

Married 28 (70)
Education Level

High school 9 (22.5)

Diploma 21 (52.5)

Bachelor 6 (15)

Post-graduates 4 (10)
Job

Yes 23 (57.5)

No 17 (42.5)
Social Support**

Yes 36 (90)

No 4 (10)
Depression

Yes Il (27.5)

No 29 (72.5)
Body mass index

Underweight 2 (5)

Normal weight 15 (37.5)

Overweight Il (27.5)

Obesity 12 (30)
MS sub-type

Relapsing-remitting MS 35 (87.5)

Primary progressive MS 1 (2.5)

Secondary progressive MS 1 (2.5)

Not Determined 3 (7.5)
Onset of MS (years)* 11.19 £ 6.99
Fall in the last 30 days

Yes 14 (25)

No 26 (65)

Notes: *Data are presented as a mean and standard deviation.
**The social support was assessed by a yes/no question: Do you
receive social support from your partner, family members, or
friends?

Abbreviation: MS, multiple sclerosis.

Descriptions of Outcome Measure
The exercise self-efficacy score was 40.13 (SD =24.67). The patient-determined disease steps score was 4.32 (SD =1.83).
The fatigue severity scale score was 4.06 (SD = 1.58). The adherence to the home-based exercise program measured after
two weeks was 54.81 (SD = 28.12) (Table 2).

There were no significant differences between female and male in the mean scores of the study outcome measures—exercise
self-efficacy, fatigue, physical disability, and adherence to home-based exercise programs (Table 3).
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Table 2 Description of the Outcome Measures

Outcome Measures Mean + SD
The Arabic version of exercise self-efficacy® 40.13 £ 24.67
The Arabic version of the patient-determinant disease step” 432 +1.83
The Arabic version of the fatigue severity scale® 4.06 + 1.58
Adherence rate to home exercise programs measured after two weeks® 54.81 +28.12

Notes: *Scores range from 0 to 100; higher scores indicate high exercise self-efficacy. ®Scores range from 0 to 8,
higher scores indicate severe disability. “Scores range from 0 to 63; a mean score greater than or equal to 4
indicates fatigue. “Scores range from 0 to 100; higher scores indicate better adherence.

Table 3 The Difference Between Females and Males in the Study Outcome Measures

Outcome Measures Female (n=23) Male (n=17) V] P value
Mean £ SD Mean £ SD

The Arabic version of exercise self-efficacy 36.07 = 21.33 43.14 + 26.94 166.50 0.43

The Arabic version of the patient-determinant disease step 476 + 1.67 4.01 + 1.96 243 0.20

The Arabic version of the fatigue severity scale 4.11 +1.82 4.03 + 141 213.50 0.62

Adherence to home-based exercise programs 49.57 + 27.59 58.68 + 28.48 162 0.37

Note: p-value was computed using the Mann—Whitney U-test.

Correlations Between the Studied Variables

Adherence to home-based exercise programs was significantly positively correlated with exercise self-efficacy (r = 0.71
and p < 0.01), and negatively correlated with the fatigue severity scale (r =—0.47 and p < 0.01), and disability (r = —0.65
and p < 0.01). No statistically significant associations were found between adherence to home-based exercise programs
and age, gender, education, job, marital status, social support, body mass index, onset and type of MS, depression, and
history of falls (Table 4).

Predictors of Adherence to Home-Based Exercise Programs

The result of the regression model for predictors of adherence to home-based exercise programs was significant (F =
23.5, p <0.01). The significant predictors of adherence to home-based exercise programs were the exercise self-efficacy
scale (B =0.62, p <0.01), and fatigue severity scale (B = —0.24, p = 0.04) were all together and independently associated
with adherence to home-based exercise programs, with all variables demonstrating about 53% of variability in adherence
to home-based exercise programs (Table 5).

Discussion
To our knowledge, this is the first study to examine predictors of adherence to home-based exercise programs among
patients with multiple sclerosis in Saudi Arabia. The results showed a low level of adherence to home-based exercise
programs among the participants. Exercise self-efficacy and fatigue were significant predictors of adherence to home-
based exercise programs. These results are in line with the social cognitive theory.''**> This theory proposes that the
greater an individual’s perception of their capability, the higher the goals they set for themselves and the more firmly they
adhere to accomplishing them.>*>” Self-efficacy is a key component of social cognition.*?” Exercise self-efficacy in
patients with MS is affected by various experiences, including previous participation in similar exercises, observing
a similar individual complete an exercise, physical therapist reinforcement, verbal and visual feedback, fatigue and
symptom severity.>~®

In addition, adherence to home-based exercise programs was significantly positively correlated with exercise self-
efficacy and negatively correlated with fatigue and disability. Previous studies have shown that patients with MS who
have low exercise self-efficacy have low motivation to be physically active and improve their health.***' These findings
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Table 4 Correlation of Study Outcome Measures and Characteristics of Participants

Outcome Measures r (p)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
I. Adherence to home-based exercise programs
2. Exercise self-efficacy 0.7 I**
3. Fatigue severity —0.47% | —0.36*
4. Patient-determinant disease steps —0.65%* | —0.18% | —0.56**
5. Gender —0.16 —0.14 0.02 -0.20
6. Age 0.40 —-0.83 0.18 0.11 0.16
7. Marital status 0.24 —-0.14 0.19 0.05 0.12 0.62*
8. Education level —0.06 0.20 -0.23 0.006 0.05 —0.17 —0.15
9. Job -0.07 0.07 —0.14 0.05 0.45% | —0.02 -0.08 0.33*
10. Social support 0.10 0.14 -0.17 0.10 —0.35% | —0.35 —-0.03 0.04 —0.24
I I. Depression —0.64 —0.03 0.009 0.16 —-0.07 0.11 —0.08 | —0.15 0.25 —0.35*%
12. Body mass index 0.20 0.17 —0.15 0.10 —0.11 0.38* | 041* | -025 | —0.09 | —0.24 0.30
13. MS subtype 0.15 -0.21 —0.10 —0.06 —0.18 0.06 0.23 -0.11 | -0.28 0.11 -0.21 0.03
14. Onset of MS —0.08 —0.08 0.07 0.05 0.18 0.57%* 0.15 —0.16 0.18 0.16 0.15 0.18 —-0.01
I5. Fall —0.28 —-0.16 0.23 0.33* | 0.42% | —0.04 —0.20 0.19 0.35% -0.28 0.13 -020 | —026 | —0.02

Note: *p < 0.05, ** p < 0.01.
Abbreviation: r, Pearson correlation coefficient.
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Table 5 Stepwise Multiple Linear Regression Model for Predictors of Adherence to Home-Based Exercise Program

Predictors B SE B t P value (95% CI)
The Arabic version of exercise self-efficacy 0.71 0.13 0.62 5.31 < 0.0l (0.44 to 0.98)
The Arabic version of the fatigue severity scale —4.30 2.08 —0.24 —2.06 0.04 (—8.52 to —0.07)

R? =0.53, F =23.5, p value < 0.01.

Abbreviations: B, Unstandardized estimate; SE, standard error; B, standardized estimate.

were also consistent with social cognitive theory, which suggests that exercise behavior and personal factors, such as
cognitive, affective, and physiological events, could reciprocally influence each other.'!?-

Physical therapy exercises based on the social-cognitive theory that implement positive behavioral change strategies
such as goal setting, self-motivation, intention to exercise, positive reinforcement, previous successful exercise adher-
ence, and social support may assist in increasing individuals’ self-efficacy.'*>%4? A high level of exercise self-efficacy
may help improve adherence to home-based exercise programs, symptoms including fatigue, and health-related quality of
life in patients with MS.*®**%3 A randomized controlled trial showed that including exercise self-efficacy in the
intervention of patients with MS resulted in 90% of the participants feeling confident they would adhere to exercise
after completing their supervised exercise programs.**

A previous study that applied a group counseling approach to help individuals interact with peers during the
intervention phase revealed that group counseling impacts individuals’ self-efficacy, which helps maintain the behaviors
required to sustain outcomes and improve function in patients with MS.** Patients were most likely to adhere to their
home-based exercise programs when they performed the exercises under the supervision of physical therapists.'''*
Moreover, remote online supervision by physical therapists may help patients with MS improve their adherence to home-
based exercise programs. A study by Donkers et al that implemented online supervision such as telerchabilitation showed
an increase in adherence to home-based exercise programs, especially in patients with severe symptoms.**

Some potential limitations of this study should be acknowledged. First, we measure adherence to exercise for a short
period of time with small sample size. Future studies with a larger sample size are recommended to evaluate long-term
adherence to home-based exercise programs among patients with MS. Second, our cross-sectional study did not allow
casual inferences to be drawn between self-reported adherence to home-based exercise program, exercise self-efficacy
and fatigue. Future studies are needed to investigate the effectiveness of an exercise self-efficacy and fatigue intervention,
including a control group on adherence to home-based exercise programs. Information on the Expanded Disability Status
Scale (EDSS), the MS-specific measure of disability was not available in this study. Response bias to the exercise diary
may confound results; however, previous studies with self-reported data from patients with MS have shown a high level
of validity.***’ Finally, no valid Arabic outcome measure to assess adherence to exercise is available in the literature.

Consequently, this study used self-reported adherence to the exercise diary, which has been used in previous studies.

Conclusion

Exercise self-efficacy and fatigue were significant predictors of adherence to home-based exercise programs among
patients with MS in Saudi Arabia. Our findings suggest exercise self-efficacy and fatigue should be considered by
physical therapists when designing a tailored exercise program for MS patients. This may facilitate greater adherence to
the home-based exercise program and improve functional outcomes.
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