Predictors of Multiple Sclerosis Severity
Score in Patients with Multiple Sclerosis
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Background: Multiple sclerosis (MS) is a demyelinating autoimmune disorder. Several factors have been
shown to associate with MS clinical severity. The influence of different lifestyle factors on MS clinical
severity as assessed by the Multiple Sclerosis Severity Score (MSSS) was investigated.

Methods: A questionnaire was administered to 128 Kuwaiti MS patients to assess the association of
smoking, nutritional supplement use, food allergy, physical activity (PA), and educational level with
MSSS. A multiple linear regression model was used to test for associations. Regression model results were
adjusted for sex, history of blood transfusion, age at MS onset, and marital status.

Results: Smoking status, passive smoking, and food allergy are not associated with MSSS. Patients with
MS with a college education and graduate/professional degrees score, on average, 2.56 lower on the
MSSS compared with those with less than a high school education (B = -2.22, P = .045; and §§ = -2.90, P
= .048, respectively). Patients who perform PA score, on average, 2.32 lower on the MSSS compared with
those with no PA (moderate exercise, P = .003; rigorous exercise, P = .001), and PA correlated significant-
ly with MSSS outcomes (- = 0.452, P < .001).

Conclusions: Educational level and PA are significantly associated with reduced MSSS, and both con-
tribute to a less severe MS clinical course. Current MS management protocols should consider lifestyle

changes to improve the quality of life of patients with MS. Int ] MS Care. 2020522:233-238.

ultiple sclerosis (MS) is a complex chronic
M demyelinating autoimmune disorder of the

central nervous system. Onset of MS usu-
ally occurs at 18 to 40 years of age, but pediatric and
late-onset forms of MS also exist."* Multiple sclerosis
exhibits many aspects of a hereditary disease, such as
familial transmittance and anticipation®%; however, spo-
radic forms of MS are creating an exponential burden,
suggesting environmentally triggered forms of MS in
genetically susceptible individuals.’ Although genetic
factors underlie the cause and possibly the clinical course
of MS, they do not do so alone. Environmental factors

have been shown to be equally important in controlling
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MS prevalence and distribution, as well as some aspects
of its clinical course and disability progression.® Par-
ticulate matter pollution is one of many environmental
factors associated with MS risk and relapse.” Other MS
environmental-associated factors include smoking, pas-
sive or prenatal smoking, deficient sun exposure or vita-
min D deficiency, viral infections, obesity, poor lifestyle
and dietary habits, and gut microbiota.®’ Disability in
MS is generally assessed using the Expanded Disability
Status Scale (EDSS), which measures physiologic system
dysfunction over time from the initial MS diagnosis.
Another scale system was devised using real-world data
of patients with MS to synthesize a Multiple Sclerosis
Severity Score (MSSS) that quantifies MS disability
(EDSS) in relation to disease duration.'® Assessing MS
severity in patients is important to make decisions
regarding clinical interventions and disease-modifying
drug regimens. Several lifestyle factors have been impli-
cated in influencing MS clinical severity. Smoking,
alcohol consumption, and obesity, among others, have
been shown to associate with fast disease progression in

11-14

different MS populations.
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Kuwait was considered a low-risk area for MS; how-
ever, within a decade MS prevalence increased to 85
cases per 100,000 Kuwaiti individuals in 2014." In
the previous 2 decades several poor environmental and
lifestyle habits have been introduced in the country that
have resulted in an associated increase in the incidence of
chronic disorders, including MS, and suboptimal health
indices in Kuwait after 1991.'" Herein we assessed
several environmental and lifestyle factors that might
contribute to MS severity in a Kuwaiti MS cohort. We
focused on several possibly contributing factors to MS
severity, including current lifestyle habits, such as physi-
cal activity (PA), smoking, food allergy, and nutritional
supplement use; history of post-MS blood transfusion
that may impart alloimmunity; presence during the Iraqi
invasion, where extreme stress/anxiety and air pollution
occurred that might have a progressive effect'®; and edu-
cational level, which might influence patients’ outlook
and management of their disease.

Methods

Study Design and Participants

This was a cross-sectional study conducted during 2013-
2015 in which all patients with MS gave their written consent
before participating in any study-related procedures. The
study was conducted in accordance with the Declaration of
Helsinki, and the study protocol was approved by Kuwait
University Health Sciences Center’s Joint Committee for
the Protection of Human Subjects and by the ethical review
committee of Dasman Diabetes Institute (Dasman, Kuwait),
where patients were recruited. Patients with MS were selected
based on the following criteria: 1) availability of a detailed
clinical history, 2) being a Kuwaiti citizen and residing in
Kuwait from birth to at least early adult life, 3) a clear MS
clinical course defined as relapsing-remitting MS (RRMS) or
secondary progressive MS (SPMS) or primary progressive MS
(PPMS) in accordance with the modified McDonald criteria,"
4) at least 1 year since initial diagnosis, and 5) willingness to
complete the study questionnaire. In total, 200 patients with
MS were approached for participation.

Data Collection

The study questionnaire was designed to analyze modifi-
able lifestyle factors that might contribute to MS severity and
quality of life. The questionnaire was a modified version of the
International Agency for Research on Cancer’s epidemiologic
questionnaire, inclusive of demographics, MS-specific envi-
ronmental factors, and related quality-of-life factors. The ques-
tionnaire was tested for clarity and duration on a sample of
ten individuals, with an average response time of 12 minutes.
Demographic factors assessed included age, sex, educational
level, marital status, presence during the Iraqi invasion, and
employment status. Lifestyle factors assayed included current
exercise type and duration (hours per week), smoking habits,

history of passive smoking in immediate family, history of
a post—=MS diagnosis blood transfusion, and food and other
allergies.

Data Analysis

Data were analyzed using IBM SPSS Statistics for Win-
dows, version 23 (IBM Corp, Armonk, NY). Descriptive
statistics, including frequencies, percentages, means, medians,
SDs, and interquartile ranges, were calculated. To test the rela-
tionship between MSSS as an outcome and an array of covari-
ates, a multiple linear regression model was used. To estimate
and test the effects of these covariates on MSSS, a multivari-
able linear regression model was implemented using the
“enter” method to account for confounders’ effects. Because
the goal is not to build a regression model for the purpose of
prediction but to gauge the contribution of the covariates on
the outcome, a hierarchical linear regression modeling was
implemented. To trust the estimated parameters of the mul-
tivariable linear regression model, the following assumptions
were carefully assessed. The continuous covariates were linearly
related to the outcome, and the residuals were independent
according to the Durbin-Watson test. Also, the residuals were
normally distributed as indicated by the Kolmogorov-Smirnov
test of normality with Lilliefors correction. Finally, accord-
ing to the Breusch-Pagan and Koenker tests, the assumption
of homoscedasticity (the error variances are homogeneous) is
satisfied. The multivariable linear regression model was further
assessed for multicollinearity using the variance inflation fac-
tor (VIF). All the covariates had a VIF less than 10; in fact,
the maximum VIF is 4.53. Therefore, we have full faith in the
regression model estimates. For all the analyses, exercise levels
were classified into no PA, mild/moderate (walking, 1-3 hours
per week), and vigorous PA (outdoor sports and bodybuilding,
>3 hours per week) categories based on the physical intensity
of the activity and its duration. All tests are two tailed, with a
P value less than .05 considered statistically significant.

Results

Of 200 patients approached for participation, 135
provided written consent to participate, and 128 of these
returned a completed study questionnaire. Table 1 pres-
ents the main characteristics of the study participants.
Of the 128 patients with MS included in the study, 83
(64.8%) were females and 124 (96.9%) had RRMS.
The mean + SD for age at MS onset was 26.07 + 6.70
years for males and 25.93 + 7.97 years for females. Both
males and females had a median MS disease duration
of 3 years. An MSSS greater than 4 (5th-10th decile of
the MSSS) was found in 47.6% of the MS cohort. The
mean = SD MSSS for males was 4.49 = 2.37 and for
females was 3.84 + 2.23. Of the study sample, a mean +
SD of 42% + 38.5% had relatives with a neurologic dis-
order, whereas 29% + 67.4% had MS as the neurologic
disorder in their family.
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Table 1. Demographic and clinical characteristics of
the MS study cohort (N = 128)

Variable Value
Sex

Female 83 (64.8)
Age, y 30.94£8.8
MS type

RRMS 124 (96.9)

SPMS 4(3.1)
Age at MS onset, y 2598+7.5
Disease duration, y 3[2-8]
EDSS score

0-3 (mild) 104 (81.3)

3.5-5.5 (moderate) 17 (13.3)

>6 (severe) 7 (5.5)
Multiple Sclerosis Severity Score 4.07 £2.29
Disease-modifying treatments

Interferon beta-1a 26 (20.3)

Interferon beta-1b 13 (10.1)

Fingolimod 50 (39.1)

Natalizumab 25 (19.5)

None 9(7.0)

Other 5(4.0)

Note: Values are given as number (percentage), mean + SD, or
median [interquartile range].

Abbreviations: EDSS, Expanded Disability Status Scale; MS,
multiple sclerosis; RRMS, relapsing-remitting MS; SPMS, secondary
progressive MS.

We used a multivariable linear regression model to
assess the influence of the following factors on MS sever-
ity: age at onset of MS, sex, passive smoking, presence
during the Iraqi invasion, history of blood transfusion
after MS diagnosis, nutritional supplement use, marital
status, food allergy, smoking status, and PA. There were
35.9% of patients with MS reporting exposure to pas-
sive smoking, and 28.9% were current smokers. Sixty-
one percent of patients were in Kuwait during the Iraqi
invasion, and 82.8% were in Kuwait during the 3 years
after the Iraqi invasion (1991-1994). Only five patients
reported a post-MS history of blood transfusion, and
33.6% had allergies, of which 35% were food allergies.
Nutritional supplement use was common in the pres-
ent cohort (49.2%), with vitamins, minerals, and omega
fatty acids as the supplements used most. No current
regular PA was reported in 48.4% of the MS cohort,
whereas 38.2% were regular exercisers, of which 45%
were performing rigorous physical exercise according
to the study criteria (>3 hours per week). The results of
the multivariable linear regression model are presented
in Table 2. The covariates of age at onset, sex, passive
smoking, presence during the Iraqi invasion, history of
blood transfusion after an MS diagnosis, marital status,

Predictors of MS Severity

Table 2. Associations between Multiple Sclerosis
Severity Score and study variables using multiple
linear regression model (N = 128)

Estimated coefficient
B (95% CI)
-0.030 (-0.112 to 0.053)

P value

474

Covariate

Age at onset (y)
Sex

Female -

Male 0.925(-0.510 to 2.360)  .201

Passive smoking
No —
Yes 0.746 (-0.398 to 1.890)

Presence during Iraqi
invasion

No —

Yes 0.761 (-0.264 to 1.787)
Post-MS blood transfusion

No —

Yes 1.688 (-1.140 to 4.516)

Food allergy
No —
Yes 1.349 (-0.164 to 2.862)

Current supplement use
No —
Yes 1.232 (0.155 to 2.309)

Smoking status
No —
Yes 0.203 (-1.163 to 1.568)

Education level
Elementary/junior high
High school
College
Graduate/professional

196

142
.236
.079
.026
767

~2.487 (~4.850 to —0.125)
2221 (-4.391 to -0.050)
~2.900 (~5.771 to —0.029)

.039
.045
.048

Marital status
Divorced/separated
Never married
Married

Physical activity
None —
Mild/moderate -2.068 (-3.406 to -0.730)
Vigorous -2.562 (-3.944 to -1.180)

0.229 (-1.774 to 2.231)
-0.101 (~1.803 to 1.601)

.819
.906

.003
.001

Note: Dependent variable: Multiple Sclerosis Severity Score, using
the “enter” method the model summary: r? = 0.452, adjusted r? =
0.273, standard error of the estimate = 1.895, the regression model
is significant with dfl =16, df2 =49, F=2.526, and P=.007.

food allergy, and smoking status were not significantly
associated with MSSS. Patients with MS who currently
use supplements have, on average, 1.23 higher MSSS
compared with those not using supplements ( = 1.232,
P = .0206). Patients with MS with graduate or under-
graduate degrees have, on average, 2.90 and 2.22 lower
MSSS compared with those with less than a high school
education (B = —2.90, P = .048; B = —2.22, P = .045,
respectively). Finally, patients who perform rigorous PA
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score, on average, 2.56 lower on the MSSS compared
with those with no PA (B = -2.56, P=.001).

Table 3 presents the coefficient of determination,
its adjusted value, the change in its value, and a test
for the significance of such a change. The hierarchical
linear regression model revealed that age at onset made
the least change in the amount of variation explained in
MSSS values, which is supported by their insignificance
as indicated by their large P value in the linear regres-
sion model. On the other hand, PA made the largest
change in the amount of variation explained in the
outcome, which is supported by the high significance of
the parameters of PA as indicated by their very small P
values.

Discussion

Progression of MS disability is inevitable despite
development of a variety of disease-modifying drugs and
management regimens. The average life expectancy of a
patient with MS has been shown to be 7 to 14 years less
than that of the average person; however, this reduction
in life expectancy differs across MS populations.” Sev-
eral factors contribute to MS life expectancy, including
early age at MS onset, sex, MS comorbidities, lifestyle,
accidents, and suicide.”*' Because MS is a complex
disorder, management regimens should implement pro-
active lifestyle modifications as a part of treatment. In
recent years, patient awareness of lifestyle and dietary
factors affecting MS severity has increased as reflected
by better MS survival rates; however, this observation
remains limited to developed countries.*** In Kuwait,
obesity and a sedentary lifestyle have become common-
place, and in 2016 the prevalence of obesity in Kuwait
was estimated to be 42.4%.2% In an observational study
of 212 Kuwaiti patients with MS, we noted that 60.8%

Table 3. Results of hierarchical multiple regression
analysis of Multiple Sclerosis Severity Scores
(N = 128)

Model r Adjusted r> r?Change P Value
Model 1 0.128 0.039 0.128 214
Model 2 0.241 0.069 0.113 .268
Model 3 0.249 0.043 0.009 .746
Model 4 0.452 0.273 0.203 <.001

Note: Dependent variable: Multiple Sclerosis Severity Score. Model
1 includes sex, educational level, and marital status. Model 2
includes all variables in model 1 plus passive smoking, smoking
status, blood transfusion, food allergy, current supplement use, and
presence during the Iraqi invasion. Model 3 includes all variables in
model 2 plus age at onset. Model 4 includes all variables in model 3
plus physical activity.

of patients with MS were overweight/obese (R.A.-T.,
unpublished data, 2019).

Herein we investigated whether other factors influ-
ence MS severity. The present findings suggest that
although educational level and supplement use may
contribute to MS severity, a sedentary lifestyle contrib-
uted the most. We found no effects of allergy, smok-
ing, presence during the Iraqi invasion, or history of
post-MS blood transfusion on MS severity. The lack of
MSSS association with allergy might be explained by
evidence that T helper 2 allergic disorders are thought
to impart a protective effect against MS, which is a T
helper 1 disorder.”” Smoking status did not influence
MS severity despite its established role as an MS risk
factor.”® Cigarette smoking has been reported recently
to be associated with MS severity.”” However, previous
reports have repeatedly shown that smoking affects MS
disability rather than severity.'*® Note that in Kuwait,
female smoking imposes a social and cultural stigma that
prevents females from taking up smoking. In addition,
the present Kuwaiti MS cohort had more females than
males, as expected for the MS incidence ratio, and the
influence of smoking was probably masked by sex.'**
Presence during or after the Iraqi invasion of Kuwait did
not influence MSSS, and neither did history of blood
transfusion. The effect of nutritional supplement use on
MS severity was significant. Supplement use was high in
the present MS cohort, with most patients taking vita-
mins, minerals, and fatty acid supplements along with
a few patients taking herbal extracts and amino acids.
Supplement preparations vary, and some may contain
trace amounts of compounds that interact with MS
treatments, which may potentially explain its associa-
tion with higher MSSS values. On the other hand, it is
probable that supplement association with MS severity
is a byproduct of patient response to increases in MS
severity. Higher educational degrees were associated
with lower MS severity. It is possible that these patients
have maintained their cognitive and functional reserve
by the learning activity fostered by educational systems.
In addition, these patients may have a clearer under-
standing of and an enhanced conscientiousness toward
their disease and seek information through educational
resources, thus affecting their lifestyle and dietary choices
and improving their MS outcomes.*® Exercise levels had
the most profound effects on MS severity and disability.
Patients with MS who reported no weekly exercise had
the worst MSSS, whereas patients who performed rigor-
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ous exercise had the lowest MS severity; those perform-
ing mild/moderate exercise also had low MS severity,
albeit not as profound as rigorous exercisers. Whether
this finding is a result of disability interference or is sex
specific is unclear because 80.6% of patients reporting
no exercise were females. Moreover, 40.8% of patients
with MSSS greater than 4 (n = 61) were regular exercis-
ers, half of which were performing rigorous exercise, and
were females. The nonexercisers in the moderate/high
MSSS category (MSSS >4) were 76% female; therefore,
sex is the stronger discriminatory factor for exercise
potential in this MS cohort, not MSSS. The benefit of
exercise for patients with MS has been reported repeat-
edly to be associated with better disease outcomes.>"%
Exercise effect investigations have provided supporting
evidence of the need for exercise regimens to be part of
the clinical management of MS.?*%* Most significantly,
strength training and routine exercise have proved ben-
eficial for improving quality of life in patients with MS,
but more applied research is needed to establish clear
interventional guidelines.?>%

Although the present study findings support many
reports from other MS populations, this study is
not without limitations. This study was limited by
sample size; despite 200 patients with MS having been
approached, only 135 patients (67.5%) consented to
participate, and incomplete questionnaires (5.2%) were
also a limiting factor. In addition, as in every qualita-
tive study there is a chance of human bias in describ-
ing personal information. That the cohort mostly had

PRACTICE POINTS

* Modifiable lifestyle factors that predict MS
severity were investigated to discern disease
interventional management plans that reduce
disease severity and maximize quality of life for
patients with MS.

* These findings suggest that physical exercise
should be integrated into the management of
MS and that information regarding the use of
nutritional supplements should be systematically
collected.

e Patients with MS of lower educational levels and
their families should be referred to counseling
services to educate them about their disease and
guide them to information resources that aid in
better management of their disease.

Predictors of MS Severity

RRMS of low/moderate EDSS category and were mostly
females is another limitation. However, we would argue
that RRMS is the most common MS type and that
SPMS and PPMS already exhibit high MSSS and might
bias the analysis, and also that low/moderate EDSS score
would be the best disability range to find predictors for
MS severity. Moreover, females are affected twice as
often as males, and due to the random sampling study
design, the cohort reflected this phenomenon. On the
positive side, this study is novel because it investigated
the association of modifiable lifestyle factors with MS
severity in a culturally distinct MS population and
should add supporting evidence to the value of educa-
tional level and physical exercise in MS management.

In conclusion, PA and educational level are signifi-
cantly associated with reduced MSSS. Physical activity
and educational level contribute to a less severe MS clin-
ical course in patients with RRMS. Current MS clinical
management protocols should consider lifestyle changes
to improve the quality of life of patients with MS and
their physical rehabilitation. O
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MS patients trust you for advice.
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