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Objective: Previous studies have reported that people with obesity have slower walking speed, poor balance control, and more energy expenditure
during gait than patients without obesity. However, little is known about the effect of obesity on walking and balance control in people with
multiple sclerosis (MS). This study aimed to investigate the associations of obesity with walking and balance control in fully ambulatory people with
MS using two different obesity classifications.

Materials and Methods: This study included 210 fully ambulatory people with MS. Obesity classification recommended for MS and obesity
classification by the World Health Organization (WHO) were used. Outcome measures included walking speed [timed 25-foot walk (T25FW)],
walking endurance [six-minute walk test (6MWT)], perceived walking impairment [12-item ms walking scale (MSWS-12)], and balance control
[timed up and go (TUG) test].

Results: According to recommendations for MS and WHO classification, 105 (50%) and 28 (13.3%) participants were classified as obese, respectively.
Both groups revealed that patients who are overweight and obese have lower scores in T25FW, 6MWT, and TUG tests, whereas higher scores on the
MSWS-12 than patients without obesity, with a significant difference (p<0.05).

Conclusion: People who are overweight and obese with MS have poorer performance on walking speed, walking endurance, perceived walking
impairment, and balance control than non-obese counterparts. Future longitudinal studies should investigate the effects of losing weight on
walking and balance in people with MS.
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adverse effects on depression, functional capacity, and health-
related quality of life in people with MS (4,5). Study reports on
the prevalence of obesity in MS and the general population are
inconsistent (5-7).

Introduction

Multiple sclerosis (MS) is a demyelinating and progressive
disease of the central nervous system caused by genetic, lifestyle,
and environmental factors (1). Obesity is one of the risk factors

for developing MS. Elevated body mass index (BMI) has been
associated with a younger age at MS onset and a higher risk for
developing MS (2). Additionally, recent research has reported
that obesity is associated with greater neuroinflammation,
relapse risk, and disability progression (3). Obesity also has

Balance problems are common symptoms in MS, even early
in the disease course (8). Balance and gait dysfunction is
present in 50%-80% of people with MS, and over 50% of
patients reported a falling episode at least once a year (8). Of
those with mobility impairments, 70% described it as the most
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challenging symptom (9). Obesity is also a risk factor for poor
balance and walking difficulties in MS in addition to muscle
weakness, cerebellar ataxia, abnormal tone, sensory loss, visual
impairments, cognitive impairment, neuropathic pain, and
fatigue (9,10).

Kalron (11) reported significant differences in walking speed,
step length, step width, and double support period in patients
with MS and obesity compared to those with MS and normal
weight. Contrarily, Pilutti et al. (10) found no significant difference
in various mobility outcomes, such as walking speed and
endurance, based on the BMI status. Sebastido et al. (12) showed
that patients with MS and obesity have lower cardiorespiratory
fitness than overweight and non-obese groups. Studies that
investigate the relationship between the lower limb functions
and obesity in people with MS have presented mixed results.
However, data to understand the effects of obesity on walking
and balance control in fully ambulatory people with MS is
insufficient.

Two different methods are presented for the classification
of obesity in MS. The first one is the standard way that was
developed by the World Health Organization (WHO) (13), the
second one was recommended by Pilutti and Motl (14). However,
no consensus was determined on which to use in MS. Thus, this
study aimed to investigate the effect of obesity on walking and
balance control in a large sample of fully ambulatory people
with MS using two different obesity classifications.

Materials and Methods

Study Design

This cross-sectional study was conducted at the MS Center
of Dokuz Eylul University. The baseline data of continuing
research entitled, “Follow-up of physical, psychosocial, and
cognitive influences in people with MS: a prospective cohort
study” (ClinicalTrials.gov Identifier: NCT03878836) was used in
the study and approved by the Dokuz Eylul University Ethics
Committee (approval number: 2021/12-34 and protocol
number: 2959-GOA). The study was conducted following the
principles of the Declaration of Helsinki (as revised in Brazil
2013). Written consent was obtained from all participants.

Participants

The inclusion criteria were having MS based on the 2017
McDonald's criteria (15), ability to walk at least 20 m without
resting, and a relapse-free period of 30 days. Exclusion criteria
were neurological disorder other than MS; relapse throughout
the study period; history of orthopedic surgery including
ankle-foot, knee, hip, or spine that influences balance and
walking. Baseline data of participants were extracted from
the registry database [iMed (version 6.8; Merck Serono SA,
Geneva, Switzerland)] from October 2016 to October 2020.
The data used in these analyses were from our ongoing study
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that included patients who started or undergoing disease-
modifying therapies changes, thus all participants had a
relapsing-remitting type of MS.

Obesity classification included two methods, the one
recommended by Pilutti and Motl (14). and the WHO
classification. Using the recommended method, participants
with a BMI of >24.7 kg/m? (this cut-off score has been shown as
the best threshold that distinguishes body fat-defined obesity
in MS) were classified as people with obesity (14). According
to the WHO classification, participants were divided into three
groups as normal weight (<25.0 kg/m?), overweight (25.0-29.9
kg/m?), and obese (>30.0 kg/m?) (13).

Outcome Measures

Demographic and clinical characteristics (gender, age, MS
course, and disease duration) were used as baseline data.

The expanded disability status scale (EDSS) scoring, as the
universal measure to the disability level in people with MS, is
performed according to the neurological examination of seven
functional systems (cerebellar, pyramidal, sensory, brainstem,
bladder and bowel, visual, and cerebral). The ambulatory state
of the patients is also recorded (16). All patients were examined
by the same senior MS neurologist, who also calculated the
EDSS scores.

The walking speed was assessed by the timed 25-foot walk
(T25FW). The T25FW is the best-defined and reliable method to
evaluate walking disability in people with MS. Participants were
asked to walk in 7.62 m (25 feet) as fast and safely as possible.
Time is recorded in seconds. The task was performed twice, and
the T25FW score was calculated as the average time of two trials
(7).

The six-minute walk test (6MWT) was used to assess walking
endurance.The standard guidelines were used while performing
the 6BMWT. Distance (meters) covered in 6 min was reported. A
higher score indicates higher walking endurance (18).

The timed and up go (TUG) test is an objective, reliable,
and simple measurement method to evaluate balance and
functional mobility. During the test, the participant was asked
to stand up from a standard chair, walk 3 m, turn around, walk
back to the chair, and sit. The score is the time (seconds) to
perform the test (19).

The multiple sclerosis walking scale-12 (MSWS-12) was
developed to assess the walking impairment that is perceived by
people with MS, which consists of 12 questions with Likert-type
answers. A higher score indicates poorer walking performance
(20). The valid Turkish version of the MSWS-12 was used (21).

Data Analysis

Normal distribution of data was checked using the Kolmogorov-
Smirnov test and histograms. Box plots were used to define the
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outlier values for each outcome. The comparison between the
groups was performed using an independent-samples t-test
for the continuous variables, and the chi-square test for the
categorical variables. The multivariate analysis of covariance
test was performed to test the differences between the groups.
Covariates included age, sex, and the EDSS score. Assumptions
for multivariate analysis of covariance were reached according
to matrix scatter plots and the Wilk A test. Partial spearman’s
correlation coefficients were investigated between the BMI and
walking and balance parameters while controlling for EDSS.
Statistical significance was set at p-values of <0.05. Data were
analyzed using the International Business Machines © Statistical
Package for the Social Sciences ® Statistics software (Version
25.0. Armonk, NY: IBM Corp.).

Results

The data analysis included 210 people with MS. According to
the classification that was recommended by Pilutti and Motl
(14) (50%) were classified as obese. No significant difference was
observed between the groups regarding gender and disease
duration (p>0.05). A significant difference was found in age,
disability level, and BMI between patients with obesity and
without (p<0.05) (Table 1).
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Using the WHO criteria, 28 (13.33%) were classified as obese.
Significant differences were observed regarding age, gender,
disability level, and BMI between the groups (normal weight,
overweight, and obese) (p<0.05). Disease duration was not
significantly different (p>0.05) (Table 2).

Patients in both classification methods significantly differed
in the T25FW, 6MWT, TUG, and MSWS-12 scores with small to
medium effect sizes (p<0.05). Table 3 and scatter plots (Figure
1-4) present the detailed comparisons of walking speed, walking
endurance, perceived walking impairment, and balance control
between the groups. A significant weak correlation was found
between the BMI and walking and balance parameters (Table
4).

Discussion

The current study has indicated that obesity is associated with
slower walking endurance, walking speed, and balance control,
and higher perceived walking impairment in people with MS
regardless of the BMI classification methods. The lower limit for
obesity based on the classification by Pilutti and Motl (14). is a
BMI of >24.7 kg/m? With this cut-off, half of our participants fall
into the category of obesity. Our data were compared with the
general population to evaluate the frequency. In this context,

Table 1. Demographic and clinical characteristics of participants (according to the recommended classification)

o Non-obese Observed

All (n=210) (n=105) power
Age (years) 32.7 (9.5) 29.6 (7.3) 35.8(10.4) 25.032 <0.001 0.999
Sex, n (%)
Female 368 (68.5) 208 (73.0) 160 (63.5)

3.617 0.059 0.473

Male 169 (31.5) 77 (27.0) 92 (36.5)

1.0 (0.9 0.8 (0.7 1.2 (0.9
EDSS score, possible range: 0-10 ,( ) ,( ) ,( ) 8.901 0.003 0.844

(min/max: 0-4) (min/max: 0-2.5) (min/max: 0-4)
Disease duration (years) 4.8 (4.2) 4.7 (4.1) 5.0(4.3) 0.247 0.620 0.078
BMI, kg/m? 24.7 (4.3) 21.2(2.1) 28.2(2.8) 422514 <0.001 1.00

Significant p-values are presented in bold. Values are presented as mean (SD) unless specified. EDSS: Expanded disability status scale, BMI: Body mass index

Table 2. Demographic and clinical characteristics of participants (according to the WHO classification)

Non-obese
(n=113)

Overweight (n=69)

Observed

Obese (n=28) power

Age (years) 30.038 (7.84) 36.16 (11.30) 33.79(8.20) 8.734 <0.001 0.969
Sex, n (%)
Female 91 (80.5) 44 (63.8) 21 (75.0)

3.207 0.043 0.608
Male 22 (19.5) 25(36.2) 7 (25.0)

i 0.85 (0.80 1.27 (0.86 0.79 (0.85

EDSS score, possible : (0.80) ' (0.86) ‘ (0.85) 6.462 0.002 0.902
range: 0-10 (min/max: 0-4) (min/max: 0-3) (min/max: 0-2.5)
Disease duration (years) | 4.76 (4.13) 4.80 (4.50) 5.15(3.58) 0.102 0.903 0.065
BMI, kg/m? 21.46 (2.24) 27.03 (1.31) 32.07 (1.73) 419.132 <0.001 1.00

Significant p-values are presented in bold. Values are presented as mean (SD) unless specified. EDSS: Expanded disability status scale, BMI: Body mass index
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Figure 1. Comparison of balance control between the groups

WHO: World health organization
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Figure 2. Comparison of walking endurance between the groups

WHO: World health organization
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Figure 3. Comparison of walking speed between the groups

WHO: World health organization

the limit used to determine obesity in the MS population is
approximately the limit of “overweight” compared to the WHO

cut-off scores for the general population. The prevalence of
overweight and obesity has been found in 65.05% of women
and 58% of men in the general Turkish population using the
WHO classification. Our study revealed that 41.7% of women

onlL LMI9 i MmdszL
uoneziueblo yjeay pHop :OHM ‘9|eds Bunjjem sisola|ds ajdi Ny wiall-Z | :Z L-SMSIA ‘1591 06 pue dn pawii] :DN ] ‘1591 3|em NUIW 9 :] ANNO |eM 100)-GZ PaWII] M4STL
¥ 1'0=9b.e| {90’ 0=wWnIpaw ‘| 0'0=|[ews :,U 10} swiou paisabbng *(gs) ueaw se pajuasald aie sanjep ‘plog ul pajuasaid ase sanjea-d Juedyiubis
(1r°6) 09-Z| :2bues
wbramisng €¥80| LS00 | S00°0| [¥¥'S ccpl ey eLsL | (86'L)TSEL €C8°0| 6€00| ¥000| €08 (ov)osL (6'L)veL 3|qissod
< 959¢|0-UON ‘TL-SMSW
95990
< 959(O0-UON .
, ¢/60| 1800 | LO0O0O>| ¥86'8 (ovL Q (86°0) L9'9 (S£°0)SL'9 886'0 | 080°0| LOOO> | LO6'ZL (8'0) 99 (80) L'9 39s 'DNL
ybramianQ £99
< 959(O-UON
95990
< 959qO-UON . . . (8L°19) (¥6°€9) (68°€9) . . . . . . . . '
X w
JyBIIMISAO 9¢L0| 6€00| LLOO| PELYV /€O 1v0LY 11°38% 9890 | 6700| SLO0O| €£09|(85S) 69 | (S€S)6°E6Y 1LMIN9
< 959(O0-UON
WBPMISAQ . . . . (Lo . . . . . . . . ) £ :aY - '
< 95340-UON 8790 | CeE00| LEOO| 8¥EE €8 (9£°0) v6'v (85°0) 69'% €¥S0| LCO0O| 6€00| €lEY (0)6'Y (90) LV 29 'M4SCL

>0y-1s0d

Jamod
PaAISqO

19a9] ANjigesip pue ‘xas ‘abe 10y paisnipe Ayisaqo anoyym sjdoad pue Kyisaqo yym sjdoad usamiaq |043uod aduejeq pue bupjjem jo uosedwo) *€ ajqe|

(8z=u)
9s3q0

(69=u)
ybramianQ

(€LL=U)

Jamod

9s9qo-uop P3AISSqO

uonedyisse;d OHM 03 buipioddy

d

E|

(soL=u)
9s3q0

(soL=u)
959¢/0-UON

uonEdIISSE[> PIPUSWIWO034 0} Hulpi0ddy

47



Ozdogar et al. Effect of Obesity in Multiple Sclerosis
30 4

25 - X

Lh O

10 4

MSWS-12
*

Non-obese Obese Non-obese (WHO)Overweight (WHO) Obese (WHO)

Figure 4. Comparison of perceived walking impairment between
the groups

WHO: World health organization

Table 4. Correlation between body mass index and walking
and balance parameters

Body mass index

Spearman’s Partial

correlation correlation®

r r p
T25FW 0.164 0.017 0.181 0.009
TUG 0.293 <0.001 0.280 <0.001
6MWT -0.239 <0.001 -0.235 | 0.001
MSWS-12 0.183 0.008 0.117 0.010

2Adjusted for EDSS, Significant p-values are presented in bold. BMI: Body mass
index, T25FW: Timed 25-foot walk, BMWT: 6 minute walk test, TUG: Timed up
and go test, MSWS-12: 12-item Multiple sclerosis walking scale

and 59.3% of men were classified as overweight and obese (22).
Obesity frequency seems similar in men; however, women with
MS have less frequency than the general population.

A recently published review on the comorbidities in MS
emphasized that obesity and overweight are associated with
longer diagnostic delays, more rapid disability progression,
and increased cardiac risk (23). Additionally, Marck et al. (24)
showed that overweight and obese people with MS reported a
worse quality of life in terms of mental and physical health than
those with normal weight. Considering the high prevalence
and adverse impact of obesity on the course of MS, patient
care, physiological status, and systemic and pulmonary
complications, evaluating obesity in MS is of worth (25,26).

Similarly, Kalron (11) examined the obesity in people with MS
using 24.7 kg/m? as a cut-off value and found that the obese
group walked slower and had shorter step lengths, wider step
width, and prolonged double support period than non-obese
subjects. Additionally, the obese group had shorter distances
and poor balance performance on clinical measures. However,
no significant differences were found between the groups in
MSWS-12 and static postural control assessment that was
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evaluated with Zebris FDM-T Treadmill. They hypothesized that
obesity could have negatively affected the dynamic activities,
such as gait, rather than static balance activities (11). This study
used the TUG test to evaluate the dynamic balance. Therefore,
our results also support this hypothesis.

Furthermore, Pilutti et al. (10) investigated the effects of weight
on several mobility parameters, such as gait kinematics and self-
reported walking impairment, by classifying the participantsinto
four groups as normal weight, overweight, and obese classes
1 and 2. No significant relationship was found between the
weight status and mobility assessments (10). The “obese class
2" group was not included in our study because no BMI value
of >35.0 kg/m? was recorded. Therefore, walking endurance
and balance control was significantly affected in overweight
and obese groups compared to non-obese people with MS.
However, walking speed and perceived walking impairment
were not significantly different between normal and obese
groups. Using two classification methods to determine obesity
could be the main reason for conflicting results. The low
prevalence of obesity in our MS population according to the
WHO classification could also add to this discrepancy.

Our study revealed a 1.0 mean EDSS score. However, Liparoti
et al. (27) showed that walking impairments could arise from
the presence of cognitive impairment, fatigue, and depression
in people with MS without any clinically detectable walking
abnormalities. Additionally, Ayan et al. (28) reported that people
with MS with the absence of clinical disability have a low balance
and gait performance compared to the healthy controls. Moon
et al. (29) investigated the walking changes in people with MS
with minimal disability and compared it with healthy controls
using a temporal-spatial gait analysis (GAITRite system). They
revealed that walking speed, step features (e.g., length and
width), and double support time were affected people with
MS with minimal disability compared to the controls (29).
This finding makes us think that walking impairments and
balance problems can occur even in people with lower levels of
disability, and higher BMI could be one of the risk factors.

Furthermore, studies that investigate the effects of obesity
in the general population reported possible compensator
alterations of gait mechanics, such as decreased walking speed,
prolate double support, and stance times, in the obese and
overweight subjects (30). Manawat and Shweta (31) compared
obese people with non-obese to determine the relationship
between the BMI and 6MWT and revealed that increases in BMI
induce decreases in 6MWT performance. Likewise, a negative
correlation was detected between the BMI and 6MWT, whereas
a positive correlation between the BMI and walking speed,
perceived walking impairment, and balance control.

In the clinic aspect, many studies have investigated the effects
of different types of exercise modalities to improve walking
and balance; however, little is known about the management
of obesity that could positively affect walking and balance
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performance (32,33). Mokhtarzade et al. (34) reported that
elevated body composition might adversely influence the
progression, course, and treatment in the MS progression, which
is directly related to gait and balance. Additionally, Pilutti et al.
(35) provided some evidence about the efficacy of 6-month
internet-delivered physical activity behavioral intervention on
body composition. A systematic review demonstrated that
aerobic and strength exercises are the essential parts of dealing
with obesity in the general population; however, even the
most effective intensity and type of exercise are still unclear
(36). Therefore, body composition should be considered when
prescribing exercise for walking impairment and balance
problems in people with MS.

Strengths of this research include the large sample size that
increases the study’s power and the low level of disability of
participants that eliminated other factors that affect walking
and balance in MS. The study has limitations in the used
measurement methods. BMI used to identify obesity is cost
effective and convenient to use. However, it does not provide
information about people’s adiposity. Clinical measurement
technics were used for walking and balance assessment.
Laboratory-based measurement could provide more detailed
information on the characteristics of walking and balance.
Another limitation is the absence of a healthy control group,
which could help us understand the differences in walking that
arise from obesity that are specific to people with MS.

Conclusion

This study revealed that people who are overweight and
obese with MS have less walking speed, walking endurance,
perceived walking impairment, and balance control than non-
obese counterparts regardless of the BMI classification method.
Moreover, we speculate that being overweight and obese could
be important factors affecting walking and balance in people
with mild disability in MS. Future studies can provide answers to
the management of obesity via exercise programs to improve
walking and balance control in people with MS.
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