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Abstract 

Objective:  Relapsing–remitting multiple sclerosis (RR-MS) phenotypes differ widely although the variables con-
tributing to this heterogeneity remain uncertain. To assess geographic and ethnic effects on RR-MS phenotypes, we 
investigated RR-MS patients in Canada and Saudi Arabia.

Methods:  A retrospective analysis of patients followed in two MS Clinics was performed in Medina, Saudi Arabia and 
Edmonton, Canada. Demographic and clinical data were collected for each patient and analyzed using univariable 
and multivariable statistics. Univariable and multivariable linear regression were used to distinguish the significant 
clinical and demographic features and neurological systems associated with the change in expanded disability status 
scale (EDSS) between clinical assessments.

Results:  Patients with treated RR-MS were recruited (n = 51, Saudi; n = 47, Canada) although the disease duration 
was longer in the Canadian cohort (5.6 ± 2.2 yr.) compared to the Saudi cohort (4.4 ± 1.4 yr.) (P < 0.05), annual relapse 
rate and EDSS change were higher in the Saudi cohort (P < 0.05). Infratentorial lesion-associated presentation differed 
(Canada, n = 23; Saudi, n = 13) among groups (P < 0.05). Spinal cord lesions on MRI were more frequently detected in 
Canadian (n = 23) compared to Saudi (n = 1) patients (P < 0.05). Patients within the Saudi cohort displayed a signifi-
cantly greater change in Expanded Disability Status Scale (EDSS) between first and second assessments.

Conclusions:  Despite differences in geographic location, ethnicity, and predominance of infratentorial lesions in 
the Canadian group, the RR-MS phenotypes were similar although the Saudi cohort displayed a more severe disease 
course.

Keywords:  Relapsing–remitting multiple sclerosis, Geography, Disease progression, Disease modifying therapy, 
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Introduction
Multiple sclerosis (MS) affects 2.5 million persons glob-
ally with increasing recognition of its predominance in 
women compared to men (3:1) [1]. The phenotypes of MS 
range widely from a single demyelinating event termed 
Clinically Isolated Syndrome to a Secondary Progressive 
phenotype, and in the Western hemisphere relapsing–
remitting MS (RR-MS) is the most common phenotype 
(~ 85%) [2, 3]. Both host genetic and environmental fac-
tors contribute to MS disease onset and progression [4]. 
Although multiple genes have been implicated in the 
pathogenesis of MS, the MHC complex on chromosome 
6 appears to be a key susceptibility domain [5]. Environ-
mental variables including viral infections, vitamin D 
levels, geographic location, obesity and smoking are also 
epidemiological factors associated with MS [6].

There is increasing recognition of MS in countries 
assumed to have low rates of MS, particularly in the Mid-
dle East. MS prevalence in Canada is 265–291/100,000 
[7]. In comparison, MS prevalence in Saudi Arabia is 
low at 25/100,000 and RR-MS is the predominant phe-
notype, primary progressive MS has also be reported [8, 
9]. Data from migration studies show that if exposure 
to a higher risk environment occurs during adolescence 
(before 15 years of age) the migrant assumes the higher 
risk of the environment [10]. "Epidemics" of MS have also 
been reported and these provide further evidence of the 
importance of environmental factors contributing to MS 
as reported in the Faroe Islands after WWII [11]. It is 
uncertain how MS disease phenotypes differ from coun-
tries with high prevalence such as Canada or northern 
Europe compared to Middle Eastern countries with low 
prevalence although studies of North African patients 
with MS portend a more aggressive disease course in 
these patients [12].

We investigated the comparative clinical and radiologi-
cal aspects of RR-MS in Canada and Saudi Arabia. The 
working hypothesis was that the severity of the RR-MS 
disease course and related disease features differed 
depending on geographic location and ethnicity.

Methods and Materials
Clinical design and locations
A cross-sectional prospective analysis of patients receiv-
ing active care in university hospital-based MS Clinics 
was performed in Medina, Saudi Arabia and Edmonton, 
Alberta Canada. Both MS clinics provide specialized 
care in terms of diagnosis and treatment of people who 
are living with MS. The Northern Alberta MS (NAMS) 
Clinic is affiliated with the University of Alberta, recog-
nized by the Multiple Sclerosis Society of Canada and fol-
lows more than 5000 patients. The MS Clinic in Medina 
serves 1500–2000 patients annually and is associated 

with the University of Talibah. The study was approved 
by the University of Alberta Human Biomedical Ethics 
Committee (Pro00101164) and King Fahad Hospital Eth-
ics Committee.

Study design
Patient inclusion criteria included the McDonald cri-
teria (2010) for RR-MS (> 3 yr), clinically stable for four 
weeks pre-study, ability to give consent, ages 18–55, at 
least one documented relapse in the last year and educa-
tion greater than Grade 8. Demographic and clinical data 
were collected for each patient based on two assessments 
that were one year apart. Exclusion criteria included MS 
disease-modifying therapies other than interferon-beta, 
substance abuse or co-morbidities such as terminal can-
cer or HIV/AIDS.

The demographic and clinical collected data included 
age, sex, family history of MS or other autoimmune dis-
eases, other co-morbidities, duration of MS diagnosis, 
relapse rate, results of brain and spinal cord MRIs, dis-
ease modifying therapy use, oligoclonal band presence in 
CSF, education, ethnicity, EDSS and functional score.

The following signs and symptoms were included in 
the episode categories: limb motor episode (upper limb 
weakness, lower limb weakness, hemiparesis and spas-
ticity, paraparesis, and walking difficulty); sensory epi-
sode (facial sensory symptoms, numbness or sensory 
impairment in hand/arm and leg/foot, hemibody sen-
sory changes; brainstem episode (vertigo, slurred speech, 
diplopia, facial muscle weakness, nystagmus, intranuclear 
ophthalmoplegia); mental episode (cognitive impairment, 
psychosis and mania); bowel and bladder episode (uri-
nary or fecal retention and incontinence); visual episode 
(optic neuritis, diplopia); cerebellum episode (gait or limb 
ataxia); spinal cord episode (spasticity, sensory level); and 
other episode (fatigue). The following signs were included 
in the functional scale categories: motor functional scale 
(generalized weakness, spasticity, motor signs); sensory 
functional scale (impairment of vibration or and pinprick 
sensation); brain stem functional scale (brain stem sign, 
nystagmus, and vertigo); bowel and bladder functional 
scale (urgency and sensory impairment); visual func-
tional scale (afferent pupillary defect); cerebellum func-
tional scale (dysmetria, dysdiadochokinesis, gait ataxia). 
All patients underwent a second assessment at one year 
after the initial assessment for EDSS, functional scores 
and relapses.

Statistics
Continuous variables were reported as the mean and 
standard deviation. Categorical variables were reported 
with counts and percentages. The Wilcoxon-Mann–
Whitney test was used to compare the mean of the two 
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populations for the continuous variables and Fisher’s 
exact test was used to compare the proportions of the 
two populations for the categorical variables. Univari-
able and multivariable linear regression were used to 
distinguish the significant clinical and demographic 
features and neurological systems associated with 
the change in expanded disability status scale (EDSS) 
between clinical assessments 1 and 2 (EDSS2–EDSS1) 
for the patients from Medina (n = 51) and Edmonton 
(n = 47). The statistical analyses were completed using 
Stata (version 13.1) and figures were created using R 
and the R package ‘RColorBrewer’.

Univariable linear regression was used for the 
patients from Medina and Edmonton separately and the 
combined group of patients (n = 98), whereas multivar-
iable linear regression was only used on the combined 
larger group of patients for improved statistical infer-
ence and power. Multiple variables (n = 31) were tested 
for association with the change in EDSS between first 
and second assessments. For the multivariable linear 
regression model, all variables were initially included 
in the model for a hypothesis-driven approach. The 
variable with the largest p-value (greater than 0.05) 
was identified and the model with and without this 
variable was compared using the likelihood ratio test. 

Assuming that the p-value from the likelihood ratio test 
was greater than 0.1, the variable was removed from 
the model. The final model included 18 variables with 
a R2 value of 0.443 and an adjusted R2 value of 0.343. 
The residual analysis using the Shapiro–Wilk normality 
test indicated that there is no evidence against the null 
hypothesis.

Results
Clinical and demographic features
Of the 98 recruited patients with RR-MS (n = 51, Medina; 
n = 47, Edmonton), 40 patients were Caucasian (Edmon-
ton) and 46 patients were Bedouin Arabic (Medina) 
(Table  1). The female: male ratio was comparable in 
Edmonton (35:12) and Medina (32:19), as was the age 
(32.65 ± 7.96 yr., Medina; 34.06 ± 7.77 yr., Edmonton) and 
age of onset (29.22 ± 7.93  yr., Medina; 29.43 ± 7.82  yr., 
Edmonton). Most patients had received glucocorticoid 
therapy in the past (100%, Medina; 78.72%, Edmon-
ton). Although the disease duration was longer in the 
Edmonton (5.6 ± 2.2 yr.) compared to the Medina group 
(4.4 ± 1.4 yr.) (P < 0.05), total relapses and rate of relapse 
(total relapses/duration of disease) and annual change in 
EDSS between Assessments 1 and 2 were higher in the 
Medina cohort (P < 0.05) (Table 1).

Table 1  Clinical and demographic features of the Canadian and Saudi cohorts

Data are mean (SD) or number (percentage). EDSS Expanded disability status scale, CSF Cerebrospinal fluid, OCB Oligoclonal band. Wilcoxon-Mann–Whitney test was 
used to compare the mean of the two populations for the continuous variables. Fisher’s exact test was used to compare the proportions of the two populations for the 
categorical variables

Variables Canada
(n = 47)

Saudi Arabia (n = 51) P-value

Age (yr.) 34.06 (7.77) 32.65 (7.96) NS

Age of onset (yr.) 29.43 (7.82) 29.22 (7.93) NS

Sex Female 35 (74.47%)
Male 12 (25.53%)

Female (n = 32)
(62.75%)
Male (n = 19)
(37.25%)

NS

Duration of disease (yr.) 5.66 (2.22) 4.43 (1.42) 0.0004

EDSS1 1.94 (1.06) 1.33 (0.48) 0.0001

EDSS2 1.96 (1.04) 1.56 (0.58) 0.0276

Change in EDSS (EDSS2-EDSS1)/yr 0.021 (0.232) 0.22 (0.51) 0.0050

Co-morbidities

  Smoking 23 (48.94%) 7 (13.73%) 0.0002

  Bronchial asthma 4 (8.51%) 2 (3.92%) NS

  Hypertension 1 (2.13%) 5 (9.80%) NS

  Diabetes mellitus 0 (0%) 4 (7.84%) NS

  Glucocorticoid therapy 37 (78.72%) 51 (100%) 0.0004

  Depression 6 (12.77%) 4 (7.84%) NS

  Total relapses 1.51 (1.13) 2.27 (1.11) 0.0002

  CSF (OCB) 47 (100%) 51 (100%) -

  Relapse rate/yr 0.26 (0.15) 0.52 (0.21)  < 0.0001

  Active inflammation on neuroimaging 1 (2.13%) 0 (0%) NS
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Neurological disabilities
To determine the type and severity of neurological 
impairment, the cohorts were compared showing that 
the risk of brainstem signs and optic neuritis was simi-
lar in the Edmonton and Medina cohorts. There were 
differences between motor, sensory, and cerebellum on 
the functional scale between Edmonton (motor, 44.68%; 
sensory, 0%; cerebellum, 19.15%) and Medina (motor, 
23.53%; sensory, 21.57%; cerebellum, 0%) (P < 0.05), but 
there were no significant differences between motor, 
sensory, or cerebellum episodes between Edmonton and 
Medina. There were differences between bowel and blad-
der, cerebrum, myelopathy, and fatigue episodes between 
Edmonton (bowel and bladder, 0%; cerebrum, 17.02%; 
myelopathy, 48.94%; fatigue, 0%) and Medina (bowel 
and bladder, 13.73%; cerebrum, 0%; myelopathy, 0%; 
fatigue, 13.73%) (P < 0.05), but there were no significant 

differences between bowel and bladder on the functional 
scale between Edmonton and Medina. Neurological sys-
tems involved in the disease are also described (Supple-
mentary Table 1).

Based on standard neuroradiological reports 
obtained for each patient, the MRI findings in each 
cohort revealed that the spinal cord findings differed 
between Edmonton (48.94%) and Medina (1.96%) in 
terms of the presence or absence of lesions (P < 0.05). 
Neuroimaging did not disclose differences in other 
anatomic sites in terms of the number or type of 
lesions.

Change in EDSS between Assessments 1 and 2
The EDSS at Assessments 1 and 2 are shown for patients 
from Edmonton (Fig. 1 a) and for patients from Medina 
(Fig.  1  b). The change in EDSS (EDSS2–EDSS1) showed 

Fig. 1  EDSS for patients in Edmonton (a) and patients in Medina (b). Change in EDSS (EDSS2– EDSS1) for patients in Edmonton (c) and patients in 
Medina (d)
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that most patients in Edmonton had the same EDSS at 
Assessments 1 and 2 (Fig. 1 c), whereas the patients from 
Medina displayed a greater change in EDSS between 
assessments (Fig. 1 d).

From the univariable linear regression analyses of 
change in EDSS for the Medina cohort (n = 51), pyram-
idal episode (coefficient = 0.354, P = 0.016), pyrami-
dal functional scale (coefficient = 0.359, P = 0.033), 
and brainstem functional scale (coefficient = 0.382, 
P = 0.007) were all significant and positively associated 
with change in EDSS. In the univariate linear regression 
for change in EDSS for the Edmonton patients (n = 47), 
only cerebellum episode (coefficient = 0.489, P = 0.036) 
was significant and it was positively associated with 
change in EDSS.

The univariable and multivariable linear regression 
for change in EDSS for the combined patients from 
Edmonton and Medina (n = 98) is presented in Table 2. 
From the univariable analysis, the indicator for geo-
graphic location (Edmonton = 0, Medina = 1) was a 
significant predictor of change in EDSS where those 
patients from Medina are positively associated with a 
higher change in EDSS (coefficient = 0.204, P = 0.014). 
A pyramidal episode (coefficient = 0.241, P = 0.006) 
and a brainstem sign on the functional scale (coeffi-
cient = 0.200, P = 0.018) were significant predictors of 

change in EDSS and both of these variables were asso-
ciated with an increase for the change in EDSS. From 
the multivariable analysis, the Medina cohort (coef-
ficient = 0.410, P = 0.001) was significantly associated 
with a greater change in EDSS after adjusting for age 
of onset, sex, family history, disease duration, smoking, 
co-morbidities, lesions on MRI, glucocorticoid therapy, 
neurological systems involved in episodes and func-
tional scale.

In the multivariable analysis, age of onset (coeffi-
cient = 0.0146, P = 0.006), smoking (coefficient = 0.220, 
P = 0.025), motor episode (coefficient = 0.567, P < 0.001), 
sensory episode (coefficient = 0.298, P = 0.002), brain-
stem episode (coefficient = 0.246, P = 0.029), mental 
episode (coefficient = 0.852, P = 0.03), bowel and blad-
der episode (coefficient = 0.318, P = 0.041), myelopathic 
episode (coefficient = 0.464, P = 0.003), brainstem 
functional scale (coefficient = 0.356, P < 0.001), visual 
functional scale (coefficient = 0.231, P = 0.031) were 
all respectively significant and positively associated 
with change in EDSS, after adjusting for the other vari-
ables. Of note, hypertension/diabetes mellitus (coeffi-
cient = -0.456, P = 0.003) and glucocorticoid therapy 
(coefficient = -0.329, P = 0.041) were significant and neg-
atively associated with change in EDSS after adjusting 
for the other variables.

Table 2  Univariable and multivariable linear regression for change in EDSS (EDSS2–EDSS1) with combined patients from Canada and 
Saudi Arabia (n = 98)

Variables Univariable Multivariable

Coef 95% CI P-value Coef 95% CI P-value

Indicator (Canada = 0, Saudi = 1) 0.204 0.042,0.366 0.014 0.410 0.173, 0.648 0.001

Age of onset (yr.) 0.00311 - NS 0.0146 0.0043, 0.0248 0.006

Sex (Female = 0, Male = 1) 0.167 - NS 0.0905 - NS

Family History (N = 0, Y = 1) -0.136 - NS -0.273 - NS

Duration of disease (yr.) -0.0130 - NS 0.0124 - NS

Smoking (N = 0, Y = 1) 0.0563 - NS 0.220 0.029, 0.411 0.025

Asthma (N = 0, Y = 1) 0.130 - NS 0.269 - NS

Hypertension/diabetes mellitus (N = 0, Y = 1) 0.0431 - NS -0.456 -0.755, -0.156 0.003

Glucocorticoid therapy (N = 0, Y = 1) 0.0307 - NS -0.329 -0.645, -0.013 0.041

Motor episode (N = 0, Y = 1) 0.241 0.072, 0.412 0.006 0.567 0.346, 0.787  < 0.001

Sensory episode (N = 0, Y = 1) 0.0224 - NS 0.298 0.111, 0.485 0.002

Brainstem episode (N = 0, Y = 1) 0.0206 - NS 0.246 0.026, 0.466 0.029

Mental episode (N = 0, Y = 1) 0.376 - NS 0.852 0.086, 1.618 0.030

Bowel and bladder episode (N = 0, Y = 1) 0.170 - NS 0.318 0.013, 0.624 0.041

Visual episode (N = 0, Y = 1) -0.0160 - NS 0.161 - NS

Myelopathic episode (N = 0, Y = 1) -0.138 - NS 0.464 0.166, 0.763 0.003

Brainstem functional scale (N = 0, Y = 1) 0.200 0.036, 0.364 0.018 0.356 0.174, 0.538  < 0.001

Visual functional scale (N = 0, Y = 1) -0.0166 - NS 0.231 0.022, 0.442 0.031
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Discussion
The present study compares RR-MS disease variation 
and progression among patients with full access to health 
care on two separate continents. Despite geographic and 
ethno-racial differences between patients in Canada and 
Saudi Arabia, the RR-MS phenotype was similar with 
subtle differences in the extent of infratentorial disease. 
While there was a short period of analysis, there was a 
significant difference in the disease trajectory with more 
severe progression in the Saudi group. These findings 
highlight the potential for delineating factors that con-
tribute to RR-MS progression by comparing different 
populations.

Implementing the McDonald criteria across differ-
ent geographic and ethnic boundaries yielded remark-
able similarities in disease phenotypes although there are 
relatively few studies of MS from Middle Eastern cent-
ers. Previous reports from the Middle East and Africa 
including Saudi Arabia describe motor symptoms as the 
most common presenting symptom followed by sensory 
changes, optic neuritis and ataxia [8, 13–15]. However, 
the most frequently presenting symptoms in Lebanon 
and Libya involved brainstem-cerebellar, followed by sen-
sory, motor, and visual systems [16, 17].

From our data, optic neuritis (55.0% in Canada; 54.9% 
in Saudi Arabia) and brain stem disease (42.55% in Can-
ada & 52.94% in Saudi Arabia) were common features, 
either as index or relapse events in both MS cohorts. 
Sensory symptoms were more frequent among the Saudi 
group (36.2% in Canada versus 43.1% in Saudi Arabia) 
and spinal cord, cerebellum and cerebrum disease were 
more frequent in the Canadian group (48.9%, 19.2%, 
17% in Canada), respectively. These differences could be 
impacted by genetics and western life style factors [18]. 
Additionally, spinal MRI imaging was more frequently 
used for the diagnosis in Canada. This might have 
resulted in relatively higher number of spinal presenta-
tions at onset in the Canadian cohort.

In the present data, the age of MS onset was similar 
for both groups (29.4 years in Canada and 29.2 years in 
Saudi Arabia) which was consistent with previous reports 
[16]. However, some studies reported that the mean age 
at onset in Saudi patients (25.9 years) was lower than that 
of the non-Saudis (29.4 years) [8]. This finding was also 
comparable to Western series in which the mean age of 
onset was 30.6 years in British Columbia [19], 32.9 years 
in France [20] and 31.4 years from the North American 
research committee on Multiple Sclerosis registry [21].

The current findings also indicate the female to male 
ratio for MS was higher in Canada (2.9:1 in Canada ver-
sus 1.68:1 in Saudi Arabia). The female to male ratio var-
ies widely in the Arab world: 0.8:1 in Oman, 1.4:1 in Saudi 

Arabia [8, 14], 1.84:1 in Kuwait [15], 1.33:1 in Qatar [22], 
2.85:1 in UAE [23] and 1.2:1 in Iraq [24]. For Saudi and 
non-Saudi patients the female to male ratio was 1.32:1 
and 1.4:1 respectively [8, 25]. In Western series, the 
female to male ratio is 2:1 or higher [26]. Reports have 
shown a higher ratio of 3.2:1 in Canadian MS patients 
[27]. The explanation for the comparatively lower ratios 
among many Arabic countries are unclear although 
access to health care and the disease stigma might con-
tribute to the diminished ratio.

In Arab populations, high family aggregation of MS has 
been reported in Lebanon (5%), Jordan (9.4%), and Qatar 
(10.4%) [8]. Furthermore, the number of MS patients 
with positive family histories was 10.6% in Dubai [23] 
and 2.3% in Egypt [14]. In contrast, Western popula-
tions’ family history of MS has been reported to be 15% 
or higher [28]. In a Danish cohort, the familial lifetime 
risk for first-degree relatives was 2.5% [29]. In Canada, 
the familial rate of MS was 17.3% in Saskatchewan [30]. 
In the current data, there were only two cases with family 
history in the Canadian and none in the Saudi cohorts. 
The likely reasons for this low rate of MS family his-
tory in MS include the present study design, degree of 
case ascertainment, and avoidance of sharing history of 
chronic or debilitating diseases in some cultures.

With respect to disability measures, the mean EDSS 
score in regional figures were 2.2 in Qatar [22] and 2.43 in 
Dubai [23]. In our study, the rate of relapses (0.26 in Canada 
versus 0.52 in Saudi Arabia) and the disability index scores 
(0.021 in Canada & 0.22 in Saudi Arabia) were higher in the 
Saudi group. The factors contributing to these differences 
in disease severity are multifold and they might involve 
lower adherence to treatment and follow-up, diet (vitamin 
D, dairy products), early initiation of disease modifying 
therapies, hypertension, diabetes and comorbidities (viral 
infections). The mean duration of disease was longer in the 
Canadian cohort (5.66  years in Canada versus 4.43  years 
in Saudi Arabia). It is plausible that the Canadian and 
Saudi groups may have been analyzed at similar stages of 
the disease course in the present analyses, resulting in the 
observed differences in disease progression rates.

Most patients in the present Saudi cohort had high 
educational levels (at least high school). Previous stud-
ies have described higher levels of education among MS 
patients [31]. Implicit in this finding is that the higher 
the education level, the more likely the patient will seek 
medical attention and is able to follow up with medi-
cal care. In both the Canadian and Saudi cohorts, there 
were frequent positive oligoclonal bands in CSF (100%). 
Nonetheless, the likelihood of positive oligoclonal bands 
in CSF varies widely with 44.2% in Jordanian MS patients 
[32] and 80.5% in Kuwaiti MS patients [33]. Most 
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Western series report positive oligoclonal band in CSF 
above 90% in MS patients [34]. A potential reason for the 
high proportion of MS patients without oligoclonal band 
in CSF in some cohorts might reflect the former use of 
gel electrophoresis in the past. Gel electrophoresis has 
been largely replaced by isoelectric focusing in many 
countries raising the sensitivity from 50% to over 95% 
[35]. Thus, these reported differences might be secondary 
to methodological and diagnostic variations.

Finally, the percentage of patients receiving disease-
modifying therapies (DMTs) varies among studies. In an 
Australian cohort, 65% of RR-MS patients were receiving 
DMTs, 81.6% had used at least one DMT at some point, 
and 18.4% had never been treated [36]. In our study, all 
patients in both cohorts had received a DMT at some 
point, likely because of government sponsorship of these 
treatments in both countries. Given the high level of edu-
cation among MS patients, many patients prefer early ini-
tiation of DMT to decrease the number of relapses.

Several limitations in the present study bear mention. 
The use of different imaging protocols, priorities, and 
machines among patients might have made radiographic 
comparisons challenging and potentially open to ques-
tion in some circumstances. Furthermore, most patients 
were relatively young and early in the disease course with 
low EDSS scores, which might constrain the applicabil-
ity of the findings. In terms of the statistical limitations, 
the sample sizes for the Saudi and Canada cohorts were 
51 and 47 patients, respectively. Given the 31 variables of 
interest, it was necessary to combine patient data into one 
larger group of 98 patients for the multivariate analysis 
and for making robust statistical inferences. Since these 
patients were receiving active care in MS Clinics in Can-
ada and Saudi Arabia, these results are limited to the spe-
cific type of patients that attend these MS Clinics and the 
small numbers of study subjects, predominantly treated 
with interferon-beta. Future studies integrating clini-
cal, neuroimaging, and laboratory data from MS clinics 
around the world including low, middle, and high income 
countries will enable broader conclusions to be drawn 
regarding the impact of ethno-cultural and geographic 
differences on MS phenotypes and their outcomes.

In summary, understanding the differences in pheno-
types and disease trajectories for RR-MS in diverse eth-
nic and geographically discrete populations might provide 
insights into the factors driving MS onset and progression.
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