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Abstract

Background Examining physical activity in people with multiple sclerosis (PwMS) from different environmental backgrounds might increase understanding
and awareness of inactivity in PwMS.

Objectives To compare the level of physical activity in PWMS in Israel and Turkey and to examine the relationship between the level of physical activity with
common disease-related symptoms and demographical characteristics of PwWMS.

Methods Cross-sectional data collected by two centers were combined. The physical activity level was determined by the Godin Leisure-Time Exercise
Questionnaire, and subsequently, classified into one of three subgroups: "active", "moderately active" and "insufficiently active". Logistic regressions
determined the risks of insufficiently active PwWMS, according to age, gender, body mass index, disability, impact of walking impairment, disease duration, type

of MS and perceived fatigue. The analysis of variance test determined the differences between countries in terms of outcome variables.

Results The study comprised 458 patients from Israel and 575 from Turkey; 68.2% Turkish PwMS were classified as insufficiently active compared with 52.0%
of Israeli PwMS. The percentage of insufficiently active PwMS was significantly higher in those categorized as fatigued compared to non-fatigued in the total
cohort (72.4% vs. 51.9%, p<0.001) and in each country separately. Based on the regression analysis, fatigue was the main factor associated with the
insufficiently physically active group; odds ratio=1.968.

Interpretation PwMS with increased fatigue tend to be physically inactive compared with the non-fatigued. This observation is supported by the merged data
collected from two countries, Turkey and Israel, representing PwMS from different environmental backgrounds.

Introduction

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS) [1] with an estimated 2.8 million persons afflicted globally [2, 3]. The
disease process produces a diversity of neuropathological changes in the CNS [1, 4] typically affecting a wide range of neurological functions including
mobility, cognition, vision, muscle strength, endurance, coordination, and sensation. There is a consensus amongst clinicians that physical activity is
imperative for people with MS (PwMS). Emerging evidence has demonstrated that physical activity can improve walking performance, balance, cognition,
fatigue, depression and the quality of life of PwMS [5]. Furthermore, Barry et al [6] demonstrated that physical activity and exercise are potential
immunomodulatory therapies targeting innate signaling mechanisms, and modulating MS symptom development and progression. Nonetheless, regardless of
the benefits, up to 78% of PWMS do not participate in any meaningful physical activity [7]. Interestingly, the number of inactive PWMS contrasts with the fact
that most PWMS believe that their health and function would improve if they would participate in physical activities [8].

The prevalence of physical inactivity in the general population varies between countries, even within countries of the same region. According to a pooled
analysis of population-based surveys across 168 countries, the prevalence of people classified as physically inactive ranges from 5 to 67% [9]. Althoff et al
[10] assessing physical activity via movement sensors, found disparities in physical activity participation between countries. The relatively large
disproportions are explained by dissimilarities in environmental backgrounds including policies/guidelines of physical activity recommendations for adults
between countries.

Only sparse data exist relating to the physical activity participation of PwMS from different environmental backgrounds. Reily et al [11] examined the
prevalence of various comorbidities and modifiable lifestyle factors in PwMS, including the level of physical activity performed in different global regions
(Australia, Europe, and North America). The authors found a strong inverse relationship between the level of physical inactivity and the physical aspects of
quality of life in the total cohort. They also observed that the distribution of physical activity levels varied between regions. Whereas, 29.9% of PwWMS were
classified at a high physical activity level in North America, only 22.2% were classified at that level in Europe [11].

Examining physical activity in PWMS across different countries from different environmental backgrounds could be beneficial. Firstly, by examining PwMS
from different environmental backgrounds can help clarify the precise impact of disease-related factors as barriers of inactivity in PwWMS. Secondly, in the
event of significant differences in physical activity, health professionals from one country might offer (or ask) guidance/advice from health professionals
from another country. In the current study, we merged two relatively large cohorts from Turkey and Israel (n = 1033). This decision was made since both
countries are located in the same global region; characterize patients with different environmental backgrounds (organizational and social) and use similar
measurement tools for assessing common MS disease symptoms.

Therefore, the study objective was twofold: (1) to compare the level of physical activity in PWMS in Israel and Turkey (specifically, Izmir) representing PwMS
from different environmental backgrounds; (2) to examine the relationship between the level of physical activity with common disease-related symptoms and
demographical characteristics of PwWMS in the total cohort and in each country separately.

Materials And Methods
Study design and participants

Cross-sectional data collected by two centers were merged. All data were collected in accordance with the International Declaration of Helsinki. Institutional
Ethics Committees in both countries approved the separate protocols (GOA-2959 (Turkey); SMC-5596 (Israel)). Written informed consent was obtained from
the Turkish participants. The Sheba Institutional Review Board Ethics Committee approved the extraction of demographic, clinical, and physical activity data
for analysis in addition to a full exemption from written or verbal consent from the study participants. Hence, individual data will not be made available in
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order to protect the participants’ identity. Each patient’s record was referenced by an anonymous code number to ensure confidentiality during the statistical
analyses.

The cross-sectional bi-center study comprised 1033 PwMS (40.1+12.3 years old, 65.0% female); 458 participants from the Multiple Sclerosis Center, Sheba
Medical Center, Tel-Hashomer, Israel and 575 participants recruited from the Multiple Sclerosis Unit, Dokuz Eylul University Hospital, Izmir, Turkey. Both
samples used standardized criteria for an MS diagnosis [12]. Participants were >18 years old. There were no restrictions for MS subtypes. Disease severity
was measured in both centers by the Expanded Disability Status Scale (EDSS) [13]. The EDSS score for inclusion was defined at < 6.5, equivalent to walking
~20m with bilateral support. Common exclusion criteria were: relapse free for 90 days prior to the examination and an inability to understand and complete
the patient-reported outcome measures due to linguistic, cognitive or other reasons.

Outcome variables
Godin Leisure-Time Exercise Questionnaire (GLTEQ)

The GLTEQ, a self-administered measuring tool for assessing physical activity [14] has been validated for use in PwMS [15]. This tool contains three items
which measure the frequency of strenuous (i.e., jogging), moderate (i.e., fast walking) and mild (i.e., easy walking) exercise for periods of >15 minutes during
one’s free time throughout a typical week. The weekly frequencies occurring over a 7-day period of strenuous, moderate, and mild activities are multiplied by 9,
5, and 3 metabolic equivalents, respectively, and summed to form a measure of total leisure activity. The GLTEQ is an appropriate, simple, and effective tool
for measuring the change in physical activity in response to an intervention in the MS population [16].

12-item Multiple Sclerosis Walking Scale (MSWS-12)

The MSWS-12, a valid questionnaire assessing walking ability in PwMS, is the most widely used patient-reported measure of perceived limitation in walking
attributable to MS. Many studies recommend the use of the MSWS-12 due to its psychometric properties [17-19]. Each of the 12 items are rated on a scale of 1
(not at all) to 5 (extremely). Items cover different aspects of walking function and quality such as the ability to walk, walking speed, ability to run, ability to
climb and descend stairs, ability to stand, balance, endurance, smoothness of gait, need for support (in and outdoors), effort and concentration required.

Modified Fatigue Impact Scale (MFIS)

The MFIS [20], a self-reported, multidimensional 21-item questionnaire, determined the level of perceived fatigue in the PwMS study group. This instrument
captured information relating to the effects of fatigue within the physical (9 items), psychosocial (2 items), and cognitive (10 items) domains over a four-week
period. Participants rated the 21 items on a 5-point Likert-type scale from never (0) to always (4). The MFIS yielded three subscale scores and an overall score
ranging from 0 to 84.

Data analysis

All data from each country were normally distributed according to the Kolmogorov-Smirnov test. Box plots determined outliers for each outcome. Data sets
from each country were compared for heterogeneity by the Kruskal-Wallis Test. As for the level of physical activity, individuals from each data set were
classified into one of three subgroups: "active’, "moderately active" and "insufficiently active". Allocation was determined according to the GLTEQ. PWMS with
scores =24 units were classified as active, 14 to 23 were considered moderately active and those who scored <14 were classified as insufficiently active. The
selected cut-off points were aligned with Godin's recommendations [21] and defined according to the literature [22]. Participants with disabilities were
categorized as either “very mild” (EDSS 0-1.5), “mild” (EDSS 2.0-3.5), “moderate” (EDSS 4.0-5.5) or “severe” (EDSS 6.0-6.5). Perceived fatigue was categorized
as “fatigued” (MFIS =38) or "non-fatigued” (MFIS<38). The chi-square test determined the differences between countries in terms of MS type, gender
distribution, physical activity level distribution, fatigue status and EDSS disability subgroups. Differences between countries in terms of age, disease duration,
body mass index (BMI), EDSS, GLTEQ, MSWS-12 and MFIS were determined by the analysis of variance test. Univariate and multivariate logistic regression
determined the risk of classification as insufficiently active according to age, gender, BMI, EDSS, MSWS-12, disease duration, type of MS and perceived fatigue
categories. All analyses were performed using the SPSS software program (IBM SPSS Statistics for Windows, Version 27.0 Armonk, NY, USA: IBM Corp). All
reported P values were two-tailed. The level of significance was set at P <0.05.

Results

The total cohort’s GLTEQ score was 13.3 + 17.7. Significant differences in physical activity were observed between countries. Israeli PwWMS participated in
more leisure-time physical activities compared to the Turkish PWMS; GLTEQ =16.4+18.4 vs. 10.7 £ 16.6; p < 0.001. Moreover, 68.2% of Turkish PwWMS were
classified as insufficiently active compared with 52.0% of the Israeli PwWMS. For comparison, we present data on the percentage of people classified as
insufficiently active in the general population published by the World Health Organization [9]. The mean percentage in the Middle East and eastern Europe
regions is 32.8% and 23.4%, respectively. The mean percentage in Turkey is 30.6%. To the best of our knowledge, no data exists as to the percentage of people
classified as insufficiently active in Israel, although, the percentage is considered in the same range as countries classified with middle-high incomes (between
26 and 36%). Demographic and clinical characteristics of the study cohort are presented in Table 1.

Distribution of physical activity subgroups according to disability (EDSS), fatigue categories, MS type and gender are illustrated in Figs. 1-4. The percentage
of the insufficiently active group was higher in Turkish PwMS compared to the Israeli PwMS for all disability levels, with the exception of severely disabled,
which was identical. Furthermore, the percentage of insufficiently active people was significantly higher in PwMS categorized as fatigued compared to non-
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fatigued in the total cohort (72.4% vs. 51.9%, p < 0.001) and in each country separately. A higher percentage of females were classified as insufficiently active
compared with males in the total cohort, 63.7% vs. 55.6%; p < 0.001.

Based on the multivariate logistic regression analysis of the total sample, being female and fatigued were the main factors associated with the insufficiently
physically active group; odds ratio = 1.364, 1.968, respectively. Moreover, fatigue was the single significant risk factor for physical inactivity in each country.
Table 2 presents the logistic regression analysis evaluating factors associated with insufficiently physically active. Figure 5 illustrates the contribution of
fatigue on physical inactivity in terms of odds ratio according to country and in the total cohort.

Discussion

The main findings of this research were the strong association between increased perceived fatigue with decreased participation in leisure time physical
activities in PWMS. PwWMS, categorized as fatigued, had a ~ 2.5-times higher risk of becoming insufficiently physically active compared to the PwMS who were
non-fatigued. Importantly, a novelty of our study was the analyses of merged data from two relatively large samples collected from different environmental
backgrounds. Although, several systematic reviews have investigated this topic, to the best of our knowledge, this is the first study comparing physical activity
behavior in PwMS according to country of origin. We decided to focus specifically on Israel and Turkey as these two countries represent PwMS from the same
global region but with different environmental backgrounds. In this context, it is worth mentioning a recent study exploring expert views on facilitators and
barriers on long-term physical activity among PwMS [25]. The authors divided potential factors into two major categories: environmental and personal.
Environmental factors included organizational aspects, e.g availability, access and quality of physical activity options, health system services, health
professionals, financial resources, social and peer support. Personal factors related to the individual, i.e., age, gender, disease related factors, motivation, skills,
goals, exercise history, knowledge and outcome experiences/expectancies.

Our study does not capture all potential facilitators and barriers of physical activity participation in PwMS, however, we do add significant information relating
to the contribution of common disease-related factors on inactivity in PwMS. Regardless of the different environmental backgrounds, together with different
rates of physical activity participation between the two cohorts, we found that perceived fatigue was a major contributor of inactivity in both cohorts of PWMS.
Worth noting, disability (represented by the EDSS), BMI, type of MS, disease duration and subjective impact of the disease on mobility (represented by the
MSWS-12) were not significant factors for inactivity according to the multivariate logistic regression. Interestingly, our finding regarding the MSWS-12
indicates that when the goal is to encourage physical activity in PwMS, more effort should be invested in the aspect of reducing fatigue versus improving
mobility.

The significant inversed relationship between perceived fatigue and participation in physical activity which was demonstrated in our study is in agreement
with the MS literature [24-27]. Perceived fatigue has been found to decrease the likelihood of engaging in physical activity [28, 29]. Due to the current study’s
design, we could not draw firm conclusions as to the cause-effect relationship between fatigue and physical activity, therefore, we reference several previous
studies which may lend an insight into this complex relationship. Smith et al [29] investigated how fatigue influences community exercise participation in
PwMS by collecting information via a face-to face personal interview. Specifically, the authors focused on how PwMS managed to engage in community
exercise despite their fatigue. They also reported that what characterized PwMS who were able to maintain exercising, was the ability to readjust goal-
orientated behaviors on a continual basis. It is believed that the ability to adjust the PWMS’ goals is linked to the levels of self-efficacy and should, therefore,
be considered when encouraging PWMS to engage in meaningful exercise. Motl et al [30] found an association between increased fatigue, physical inactivity,
and low self-efficacy. The authors investigated the intermediary role of disability, fatigue, mood, and self-efficacy between physical activity and quality of life
in PwMS. In the present study, data were not collected relating to mood or self-efficacy. Nevertheless, we reinforced the existing knowledge by demonstrating
that elevated fatigue is related to less participation in leisure time physical activities in PwMS, regardless of country (Israel and Turkey), health system or
national physical activity guidelines.

The relationship between physical activity and fatigue has been observed in various clinical trials reporting on the efficacy of exercise programs on fatigue in
PwMS. According to Andreasen et al's systematic review [31], physical activity and exercise training have the potential to generate a positive effect on PwMS
fatigue. Turner et al [32] examined the efficacy of a telephone-based physical activity counselling intervention of 64 PwMS and found that participants in the
intervention group significantly reduced perceived fatigue and depression upon termination of the program. In another randomized controlled trial, a
significant reduction in fatigue was recorded following a 6-month behavioral intervention targeting lifestyle physical activity in 82 PwMS [33].

Despite the focus of our discussion on the impact of disease-related factors, specifically fatigue on inactivity in PwWMS, we find it important to mention other
factors as well. A complex range of factors in the micro and macro environments influence the likelihood that an individual will be physically active. Factors in
the macro environment include general socio economic, cultural, and environmental conditions, i.e., participation in leisure-time physical activity tend to be
directly related to socioeconomic status [34]. Additionally, cultural background may affect the choice of leisure-time activities. Communities can strongly
influence people’s levels of physical activity, particularly through social support systems [35]. According to a Eurobarometer survey, disparities exist throughout
the European Union as to the extent to which people are acquainted with activity in their local areas [36]. Based on the present comparison between Israeli
PwMS and Turkish PwWMS, we believe that besides common disease features, future research studies examining physical activity in PWMS should consider
macro environment factors.

Our study has many strengths such as the large, pooled sample of PwWMS, however, there were several limitations which warrant attention. Firstly, physical
activity was quantified solely by a self-reported questionnaire. Other tools such as accelerometers and pedometers are equally appropriate in measuring
physical activity, although, they also have their limitations [37]. In this context, it is worth noting that in a recent validation study of the GLTEQ in PWMS, the
scores primarily reflected moderate-to-vigorous physical activity rather than light-physical activity and sedentary behavior [38]. Secondly, the level of fatigue
was solely estimated from data taken from the MFIS questionnaire without analyzing the test's subcategories, although, it is questionable whether additional
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fatigue measures would have led to different conclusions. Finally, our data did not include all potential factors related with long-term physical activity
adherence in PWMS, as we merged only data that was collected at both MS centers.

In conclusion, participation in leisure-time physical activity is related to fatigue in PwMS. PwMS with increased fatigue tend to be physically inactive
compared with the non-fatigued. This observation is supported by the merged data collected from two countries, Turkey and Israel, representing PwMS from
different environmental backgrounds. Additional personal and environmental factors should be considered in future studies examining physical activity
behavior in the PWMS population to further clarify this important topic.
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Variable Total Sample

(n=1033)
GLTEQ (score) 13.29 (17.7)
Classification of physical activity level
Insufficiently active (n, %) 615 (60.8)
Moderately active (n, %) 182 (18.0)
Active (n, %) 214 (20.7)
Age (years) 40.1 (12.3)
Gender
Female (n, %) 671 (65.0)
Male (n, %) 362 (35.0)
Disease duration (years) 8.4 (8.4)
BMI (kg/m?) 24.7 (4.6)
EDSS (median score/range) 2.0 (0-6.5)
Classification of disability level
Very mild (0-1.5) (n, %) 424 (41.0)
Mild (2.0-3.5) (n, %) 301 (29.1)
Moderate (4.0-5.5) (n, %) 157 (15.2)
Severe (6.0-6.5) (n, %) 151 (14.6)
Type of MS
RR (n, %) 774 (81.0)
Progressive (n, %) 181 (19.0)
Perceived fatigue (MFIS score) 31.9(21.9)
Fatigue (n, %) 394 (39.8)
Non-fatigue (n, %) 596 (60.2)
MSWS-12 (% score) 35.0 (33.0)

Significant p values are presented in bold.

Values are presented as mean (SD) unless specified.

Number of missing data; GLTEQ (n=22), Disease Duration (n=52), BMI (n=36), Type of MS (n=78), Perceived Fatigue (n=43), MSWS-12 (37).
GLTEQ, Godin Leisure-Time Exercise Questionnaire; PA, Physical Activity; BMI, Body Mass Index; EDSS, Expanded Disability Status Scale; RR, Relapsing

Turkey
(n=575)
10.7 (16.6)

377 (68.2)
76 (13.7)

100 (18.1)
38.7(11.7)

395 (68.7)
180 (31.3)
9.4 (8.0)

24.8 (4.6)

2.0 (0-6.5)

268 (46.6)
136 (23.7)
62 (10.8)
109 (19.0)
453 (78.8)
122 (21.2)
30.6 (22.2)
212 (37.7)
351 (62.3)

32.4 (33.3)

Remitting; MFIS, Modified Fatigue Impact Scale; MSWS-12, Multiple Sclerosis Walking Scale-12.

Israel
(n=458)
16.4 (18.4)

238 (52.0)
106 (23.1)
114 (24.9)
41.8(12.8)

276 (60.3)
182 (39.7)
7.1(8.6)

24.5 (4.6)

2.0 (0-6.5)

156 (34.1)
165 (36.0)
95 (20.7)
42 (9.2)

321 (84.5)
59 (15.5)

33.6 (21.4)
182 (42.6)
245 (57.4)
38.5 (32.5)

Pvalue

<0.001

<0.001

<0.001

0.005

<0.001
0.115

0.279

<0.001

0.028

0.026
0.114

0.003
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Table 2. Logistic regression analysis of factors associated with being insufficiently active

Total Sample Turkey Israel
Insufficiently Active Insufficiently Active Insufficiently Active
Univariate Multivariate Univariate Multivariate Univariate
Risk OR 95.0% P OR 95.0% P OR 95.0% P OR 95.0% P OR 95.0% P [
Factors Cl value Cl value Cl value Cl value Cl value
Age 1.001 0.991- 0.794 0.981 0.967- 0.011 1.003 0.987- 0.747 0.995 0.974- 0.627 1.007 0.993- 0.322
1.012 0.996 1.018 1.016 1.022
Gender 1.398 1.075- 0.012 1.364 1.012- 0.041 0.748 0.512- 0.135 1360 0.912- 0.132 0.758 0.521- 0.148
(Female) 1.818 1.838 1.094 2.027 1.103
BMI 1.021  0.992- 0.156 1.020 0.989- 0.211 1.025 0.984- 0.233 1.028 0.984- 0.214 1.102 0972- 0.563
1.050 1.053 1.066 1.073 1.054
EDSS 1.092 1.026- 0.006 1.003 0.891- 0.964 1.040 0.958- 0.344 0.905 0.763- 0.255 1.186 1.071- 0.001
1.163 1.129 1.129 1.075 1.314

Disease 1.016  1.000- 0.049 1.020 0.998- 0.074 1.003 0.980- 0.814 0996 0.966- 0.825 1.019 0.996- 0.104
duration 1.033 1.041 1.026 1.028 1.043

Type of 0.887 0.632- 0.488 1.080 0.665- 0.756 0.752 0.478- 0.217 0.640 0.291- 0.266 1359 0.778- 0.281
MS (RR) 1.244 1.755 1.182 1.405 2.376

Fatigued 2431 1.847- <0.001 1.968 1.387- <0.001 2245 1.512- <0.001 2.019 1.270- 0.003 3.087 2.070- <0.001
3.199 2.794 3.335 3.211 4.605

MSWS- 1.010 1.006- <0.001 1.004 0.997- 0.259 1.008 1.002- 0.008 1.005 0.995- 0.348 1.016 1.010- <0.001
12 1.014 1.011 1.013 1.015 1.023

Significant p values are presented in bold.

BMI, Body Mass Index; EDSS, Expanded Disability Status Scale; RR, Relapsing Remitting; MFIS, Modified Fatigue Impact Scale; MSWS-12, Multiple Sclerosis !
Confidence Interval; OR, Odds Ratio.
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Figure 1

Distribution of physical activity subgroups according to disability (EDSS).
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Figure 2

Distribution of physical activity subgroups according to gender.
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Figure 3

Distribution of physical activity subgroups according to fatigue.
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Figure 4

Distribution of physical activity subgroups according to MS type.

Fatigued Odds Ratio (95% Cl) P-value
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Figure 5

Contribution of fatigue on physical inactivity in terms of odds ratio.
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