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Abstract

Background: Multiple sclerosis (MS) is the most common non-traumatic condition that leads to disability among
young individuals. It is associated with demyelination, inflammation, and neurodegeneration within the central
nervous system. Information on risk factors of multiple sclerosis is crucial for the prevention and control of the
disease. The aim of this study was to determine risk factors of MS among adults in Saudi Arabia.

Methods: A matched multicenter case-control study, including 307 MS patients and 307 healthy controls, was
conducted in MS clinics and wards in 3 main cities of Saudi Arabia. Age, gender, and hospital were matched.
Information on demographics, family history of MS, past medical and family history, sun exposure at different age
periods, tobacco use, diet, consanguinity, and coffee consumption was obtained from self-administered
questionnaires. ORs and 95% confidence intervals (CIs) were calculated. A conditional logistic regression model was
used to control for potential confounding factors.

Results: The conditional logistic regression adjusted for age and gender showed that being the first child in the family
(Adjusted Odds Ratio (AOR) 1.68, 95% CI: 1.03–2.74), having a family history of MS (AOR 5.83, 95% CI: 2.83–12), eating
fast food ≥5 times weekly (AOR 2.05, 95% CI: 1.03–4.08), and having had measles (AOR 3.77, 95% CI: 2.05–6.96), were
independently associated with an increased risk of MS.
In contrast, eating ≥5 servings of fruit per week (AOR 0.25, 95% CI: 0.16–0.38), drinking coffee daily (AOR 0.46, 95% CI:
0.31–0.68), and having a high level of sun exposure at the primary school level and university level (AOR 0.57, 95% CI:
0.38–0.85 and AOR 0.48, 95% CI: 0.30–0.76, respectively) were independently associated with a decreased risk of MS.

Conclusions: Our study suggested that high levels of sun exposure during primary school and university, consumption
of fruits and drinking coffee protect against MS. In contrast, eating fast food was associated with an increased risk of the
disease. Encouraging outdoor activity and healthy diets in school, especially for females, is highly recommended.
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Background
Multiple sclerosis (MS) is the most common non-traumatic
condition that leads to disability among young individuals,
and is associated with demyelination, inflammation, and
neurodegeneration within the central nervous system [1]. It
is commonly diagnosed between 18 and 40 years of age [2].
MS leads to sensory, motor, and cognitive dysfunctions,
which may be progressive, temporary, or permanent.
Therefore, multiple sclerosis may have adverse effects on
relationships, employment, general well-being and the over-
all quality of life [3]. The prevalence of MS in the Middle

East ranges from low to high. These ranges are dependent
on the study setting and the particular population under
study [4]. Previously, the Gulf region was thought to have a
low prevalence of MS, but recent reports have revealed an
increase in the disease prevalence and rate of incidence.
However, there are still no registries for MS in the Gulf
region [5]. In Saudi Arabia, the studies that are available are
mostly hospital-based and there is still no regional or
national study that has investigated the prevalence of
MS, although some investigators have estimated the
prevalence at 30 cases of MS per 100,000 individuals
in 2009 [6]. It has been estimated that the prevalence
in Saudi Arabia was 40/100,000 in 2008 [7]. The eti-
ology of multiple sclerosis is not yet fully understood,
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but a single causative event is unlikely. Converging
evidence shows that MS is normally the result of
autoimmune reactions in genetically susceptible per-
sons following exposure to specific environmental fac-
tors [8]. The prevalence of MS is high in the Arabian
Gulf region and Saudi Arabia. The risk factors that
may be associated with MS in Saudi Arabia remain
unclear, while the prevalence of MS is increasing.
Thus, this study will provide more knowledge about
the determinants of MS in Saudi Arabia.

Methods
A total of 307 MS patients and 307 healthy controls
matched for gender and age (± 3 years) were selected
from 3 main cities of Saudi Arabia, namely, Riyadh (King
Fahad Medical City, King Saud Medical City, and King
Fahad National Guard Hospital), Jeddah (King Fahad
General Hospital), and Dammam (Dammam Central
Hospital). MS patients were recruited from neurological
clinics and hospital wards. Controls were healthy com-
panions of patients from medical, surgical, and pediatric
clinics and wards. The inclusion criteria for MS patients
were those who had clinically definite MS that was diag-
nosed not more than 4 years from first symptoms and
who attended MS clinics or were admitted to the hos-
pital, were aged ≥18 years old, and were able to under-
stand the questionnaire and give informed consent.
Exclusion criteria for MS patients were those with clinic-
ally definite MS that was diagnosed more than 4 years
from symptom onset, aged < 18 years old, and patients
with current or concomitant illness that would interfere
with the individual’s ability to complete the study (e.g.,
cognitive impairment). Exclusion criteria for controls
were history of MS, aged < 18 years old, and unable to
understand the questionnaire and give informed consent.
We adopted a structured questionnaire for this study. It
included several sections that addressed demographics,
family history of MS, sun exposure, current diet, history
of breastfeeding, coffee consumption, medical history
and family history, tobacco use, obesity, parental consan-
guinity, and age of onset of menstruation in the case of
female patients. With respect to sun exposure, we used
the frequency of participants’ outdoor activities at differ-
ent ages. To ensure the questionnaire’s validity, a pilot
study was conducted with 30 patients at the King Khalid
University Hospital. This study was used to validate the
logistics of data collection, and the clarity of the data
collection tool and to estimate the time required to col-
lect the data. The questionnaire took 6 to 12 min to
complete. Some questions were modified according to
the results of the pilot study. To assure the questionnaire’s
content validity, epidemiologists and Consultant Neurolo-
gists reviewed it and it was corrected according to their
recommendations. The questionnaire was pretested on 30

participants to assess reliability through tests retests on
different questionnaire items and Spearman correlations
ranged from 0.62 to 1. These pretested groups were not
included in the study. Then, data were collected from
participants using the self- administered questionnaire.
Trained data collectors were responsible for distributing
the questionnaire to the participants and collecting them
once finished. They were also responsible for the
questionnaires’ completeness. Participants filled out the
questionnaire but, were supervised closely to address any
inquiries they might have and assess whether they left any
questions unanswered. The data collectors helped any
participants who were unable to fill out the questionnaires
by themselves.
SPSS V.21 was used for data entry, management and

analysis. The frequencies and percentage of all variables
were calculated. The Chi-squared test, Fisher’s exact test,
and Student’s t-test were used to test the association be-
tween categorical and continuous variables, respectively.
The odds ratio associated with each potential risk factor
and its 95% confidence interval (CI) was also calculated.
To control for confounding variables, conditional logis-
tic regression analysis adjusted for age and gender was
applied in various models using MS vs. controls as the
dependent variable and other variables as the independ-
ent ones. All variables associated with MS status with a
p value < 0.10 were entered into the model. A p value
≤0.05 was considered statistically significant.

Results
Out of the 336 MS patients requested to participate, 307
(91%) agreed, and of 340 matched controls, 307 (90%)
agreed, resulting in response rates of 91 and 90% for MS
patients and controls, respectively. These rates are simi-
lar, are considered satisfactory rates, and not statistically
significant. Table 1 shows that the majority of subjects
(230; 75%) were females, and (77, 25%) were males. The
mean age was 32.91 ± 8.82 years for MS patients and
32.89 ± 8.64 years for controls. Forty-two percent of sub-
jects were 18–29 years old. There was no statistically
significant difference between MS patients and controls
with respect to their level of education (P = 0.30).
Further, the primary work status over the past 12 months
did not significantly differ between patients and controls
(P = 0.13). The same was true for average household
earnings (P = 0.19). Among MS patients with a family
history of MS, the median difference in age of diagnosis
compared to the age of their relatives with MS is
5 years.
Univariate analyses showed that the risk of having

MS among first-born children was increased com-
pared to the ≥2nd child in the family (P = 0.001), and
MS patients were more likely to have a family history of
MS (P < 0.001). The risk of having MS among those with
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high sun exposure was decreased compared to those with
low sun exposure during primary, intermediate, and sec-
ondary schools and university (P < 0.001).
We found that MS patients consumed less fruit (P< 0.001)

and vegetables (P = 0.001), more fast food (P < 0.001)
and dairy products (P = 0.03), and less coffee (P = 0.001)
than controls. MS patients were more likely to have a his-
tory of measles (P < 0.001) and fewer incidences of thy-
roid disorder (P = 0.04), as well as less parental
consanguinity with a first cousin (P = 0.03) compared to
controls (Table 2).
The following exposures were not found to be signifi-

cantly associated with MS. These included breastfeeding,
age of menstruation, and BMI. With respect to diet, the
following were not significant: consumption of dates,
red meat, and milk. With respect to family or medical
history, the following factors showed no significant associ-
ation with MS: chicken pox, appendectomy, tonsillectomy,
medical history of type I diabetes mellitus, migraine,
systematic lupus erythematosus, rheumatoid arthritis,
Crohn’s disease, ulcerative colitis, psoriasis, and family

history of type I diabetes mellitus, migraine, systematic
lupus erythematosus, and rheumatoid arthritis. Tobacco
use (cigarette and water pipe) and passive smoking during
childhood were not associated with MS (Table S1 shows
this in more detail [see Additional file 1]).
A total of 604 participants were included in the condi-

tional logistic regression adjusted for age and gender
(Table 3). The rest (10) had incomplete data and were
excluded from the model.
This showed that being the first child in the family

(Adjusted OR 1.68, 95% CI: 1.03–2.74), having a family
history of MS (AOR 5.83, 95% CI: 2.83–12), eating fast
food ≥5 times weekly (AOR 2.05, 95% CI: 1.03–4.08), and
having had measles (AOR 3.77, 95% CI: 2.05–6.96) were
independently associated with an increased risk of MS.
Eating ≥5 servings of fruit per week (AOR 0.25,

95% CI: 0.16–0.38), drinking coffee (AOR 0.46, 95% CI:
0.31–0.68), and having a high level of sun exposure at the
primary school level (AOR 0.57, 95% CI: 0.38–0.85) and
university (AOR 0.48, 95% CI: 0.30–0.76) were independ-
ently associated with a decreased risk of MS.

Discussion
Birth order is believed to influence the risk of MS. In
our study, the risk of MS among first children in the
family was increased 1.7-fold compared to those born
2nd or later. We also compared second- and third-born
children to first-born children as a reference category
and found a protective effect for those born later.
Siblings born late in the birth order are exposed to infec-
tion earlier than those born earlier and experience
greater challenges to their immune systems. The hygiene
hypothesis, which states that exposure to infection early
in life provides protection from infection, could mean
that younger siblings are at decreased risk for devel-
oping MS because they have early contact with mi-
croorganisms via older siblings. This is consistent
with a study that showed that high levels of exposure
to infections in younger infant siblings protected
against MS [9]. However, other studies have found in-
consistent results [10, 11].
The MS risk was 5.8 times greater when there was

family history of MS, and this finding was statistically
significant, indicating a strong aggregation in MS
cases. We calculated the time difference between age
at diagnosis for MS patients and their relatives with
MS to establish whether this was attributable to
shared exposure to environmental factors or to the
genes that are responsible for familial aggregation of
MS. We believe both genetic and environmental fac-
tors play a role in the development of MS. This is
unlikely to be due to chance or recall bias, as the
clinical features of MS are obvious, and patients and
controls would remember them well. This finding is

Table 1 Baseline characteristics of MS patients and their healthy
controls

Baseline
characteristics

MS patients
(n = 307)

Controls
(n = 307)

P value

n (%) n (%)

Female 230 (75) 230 (75) 1

Male 77 (25) 77 (25)

Age, mean (SD) 32.91 (±8.82) 32.89 (±8.64)

18–29 128 (41.7) 128 (42) 0.94

30–39 106 (35) 111 (36)

40–49 56 (18) 50 (16)

50–59 16 (5) 16 (5)

60–69 1 (0.3) 2 (1)

Level of education

Less than university 142 (46) 158 (52) 0.30

University 149 (49) 130 (42)

Postgraduate 16 (5) 19 (6)

Main work status over the last 12 months

Employed 158 (52) 186 (61) 0.127

Unemployed 23 (8) 15 (5)

Student 37 (12) 32 (10)

Housewife 89 (29) 74 (24)

Average earnings of the householda

< 7500 87 (33) 87 (31) 0.19

7500–12,499 101 (38) 114 (40)

≥ 12,500 80 (30) 83 (29)
a62 total missing. (most of them did not know), 39 MS patients and
23 controls
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Table 2 Bivariate analysis of variables associated with risk of Multiple Sclerosis

Environmental exposures Exposed cases/Exposed
controls (n = 307/307)

Crude OR 95% CI P value

First child in family, yes/no 76/264 2.02 1.34–3.06 0.001

Family history of MS, yes/no 57/294 5.16 2.76–9.64 < 0.001

Sun exposure during primary school, high/low 139/122 0.55 0.40–0.75 < 0.001

Sun exposure during intermediate school, high/low 94/169 0.54 0.39–0.75 < 0.001

Sun exposure during secondary school, high/low 65/192 0.45 0.31–0.64 < 0.001

Sun exposure during university school, high/lowa 54/184 0.33 0.23 – 0.49 < 0.001

Breastfeeding, yes/nob 203/37

≥ 5 Servings of fruits / week, yes/no 77/145 0.30 0.21–0.42 < 0.001

≥ 5 Servings of vegetables / week, yes/no 145/120 0.57 0.42–0.79 0.001

≥ 5 dates times / week, yes/no 156/146 0.94 0.68–1.29 0.69

≥ 5 red meat times / week, yes/no 38/268 0.97 0.60–1.57 0.90

≥ 5 milk times / week, yes/no 84/239 1.32 0.92–1.91 0.14

≥ 5 Fast food times/week, yes/no 46/291 3.21 1.77–5.80 < 0.001

≥ 5 Dairy products times / week, yes/no 162/172 1.42 1.04–1.96 0.03

Daily coffee intake, yes/no 112/147 0.53 0.38–0.73 < 0.001

Illness or surgical interventions:

History of measles infection, yes/no 63/283 3.05 1.85–5.02 < 0.001

History of chicken pox infection, yes/no 167/132 0.90 0.65–1.24 0.57

Appendectomy, yes/no 29/268 0.72 0.43–1.19 0.25

Tonsillectomy, yes/no 52/264 1.25 0.81–1.94 0.37

Medical history:

Type I diabetes mellitus, yes/no 15/285 0.67 0.34–1.31 0.235

Migraine, yes/no 35/269 0.91 0.56–1.49 0.71

Systematic lupus erythematosus, yes/no 1/302 0.19 0.02–1.69 0.22

Rheumatoid arthritis, yes/no 17/289 0.94 0.48–1.86 0.86

Thyroid disorder, yes/no 19/274 0.55 0.30–0.99 0.04

Crohn’s disease, yes/no 1/306 1 0.06–16.06 1

Ulcerative colitis, yes/no 18/294 1.41 0.68–2.93 0.36

Psoriasis, yes/no 7/303 1.77 0.51–6.10 0.361

Family history of medical conditions:

Type I diabetes mellitus, yes/no 154/154 1.01 0.74–1.39 0.94

Migraine, yes/no 53/249 0.90 0.59–1.35 0.60

Systematic lupus erythematosus, yes/no 10/291 0.61 0.27–1.37 0.23

Rheumatoid arthritis, yes/no 69/239 1.02 0.70–1.49 0.92

≥ 13-year age of menarche, yes/no 98/138 1.11 0.77–1.61 0.57

Tobacco use:

Current tobacco use, cases/controls 58/52 1.16 0.77–1.76 0.47

Ex-smoker, cases/controls 19/15 1.32 0.84–1.56 0.43

Never smoker, cases/controls 230/240 Ref.

Passive smoking in childhood, yes/no 113/194 1 0.72–1.39 1

BMI:

≥ 30, cases/controls 76/74 0.92 0.62–1.37 0.67

25–29.99, cases/controls 90/107 0.75 0.52–1.09 0.13
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consistent with many studies of MS, such as one con-
ducted in Saudi Arabia that reported that approxi-
mately 20% of MS patients have a family history of
MS [12]. Two additional studies conducted in Kuwait
reported that a larger number of patients had a family
history of MS compared to controls [11, 13].
However, in this study, there was no significant difference
between first-, second-, and third-degree relatives.
With respect to the frequency of eating fast food,

MS patients ate fast food 2 times more often than
healthy controls. This result is consistent with a study
of MS patients in which sodium consumption was es-
timated from sodium excretion in urine samples and
showed that increased sodium consumption is associ-
ated with increased clinical and radiological activity in
MS patients [14]. A diet high in salt (sodium chlor-
ide) has been found to increase the stimulation of the
Th17 lymphocyte both in human and animal models.
The Th17 cells produced by a high salt diet seem to be ex-
tremely pathogenic and connected to pro-inflammatory
cytokines [15]. However, our study is inconsistent with a
recent prospective study (NHS) that showed no associ-
ation between high dietary sodium intake and the risk of
MS [16].
Studies in the literature have been inconclusive with

respect to the association between measles and MS. A
study prospectively collected serum samples from MS
patients and revealed no association between MS and
measles [17]. Our study revealed that a history of mea-
sles in MS patients was 3.8-folds more frequent than in
healthy controls. This study is consistent with a matched
case-control study of serology among German children

with MS [18]. In addition, a study reported that MS pa-
tients had measles at an older age compared to controls
[19]. A possible explanation for this is delayed exposure
to common infectious agents. Thus, infection early in
life may protect against MS, while conversely, later in-
fections when the immune system has matured may in-
crease the risk. This is consistent with the inverse
relationship between MS risk and birth order. However,
in this study, the age of getting the measles infection
was not determined, and we suggest the need for further
study to assess the association between measles and MS
taking into consideration the age of infection.
Fruits and vegetables are rich in numerous vitamins

and minerals. Vitamins, in particular, contain antioxi-
dants that have been suggested to play a protective
role in the prevention of MS [20]. A case-control
study conducted in Serbia showed that the frequency
of consumption of fruits and vegetables was increased
in healthy individuals compared to MS patients [21].
In this study, healthy controls consumed more fruits
and vegetables than MS patients, and the association
was found to be significant in a bivariate analysis.
Although the frequency of consumption of vegetables
in healthy controls was greater than that in MS pa-
tients, this association was not significant in the con-
ditional logistic regression. This finding was similar to
a case-control study among the Iranian population
that reported that consumption of fruit has a protect-
ive role against MS, but vegetable consumption was
insignificant in a multivariate analysis [22].
In this study, coffee intake among healthy controls was

increased compared to MS patients. In the conditional

Table 2 Bivariate analysis of variables associated with risk of Multiple Sclerosis (Continued)

Environmental exposures Exposed cases/Exposed
controls (n = 307/307)

Crude OR 95% CI P value

≤ 24.99, cases/controls 141/126 Ref.

Parental consanguinity (first cousin), yes/no 63/222 0.67 0.46–0.98 0.03
aNot applicable (5 MS cases and 3 controls)
bNot know (58 cases and 52 controls)

Table 3 Conditional logistic regression model of environmental exposures with multiple sclerosis risk

Environmental exposures AORa 95% CI P value

First child in family 1.68 1.03–2.74 0.038

Family history of MS 5.83 2.83–12 < 0.001

≥ 5 Fast food times/week, yes/no 2.05 1.03–4.08 0.042

History of measles infection, yes/no 3.77 2.05–6.96 < 0.001

≥ 5 Servings of fruits / week, yes/no 0.25 0.16–0.38 < 0.001

Daily coffee intake, yes/no 0.46 0.31–0.68 < 0.001

Sun exposure during primary school, high/low 0.57 0.38–0.85 0.006

Sun exposure during university school, high/low 0.48 0.30–0.76 0.002
aAOR Adjusted odds ratio, included variables in the model are age and gender
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logistic regression, coffee consumption had a protective ef-
fect among healthy controls compared to MS patients and
this is consistent with a recently published case-control
study in Sweden and the U.S. that reported that those who
drank four cups of coffee or more each day demonstrated a
protective effect [23]. However, one prospective study
(NHS) found no association between coffee intake and MS
risk and this may be because it was conducted only in fe-
males [24]. Several mechanisms have proposed that caffeine
appears to decrease the generation of pro-inflammatory
cytokines, and has neuroprotective qualities, credited to
phosphodiesterase inhibition and non- specific antagonism
of adenosine receptors [25, 26].
The comparison of those with low or high sun ex-

posure during different levels of education was used
rather than age groups to increase recall of sun ex-
posure Nevertheless, primary, intermediate, secondary
school, and university correspond to the age groups,
7 to 12, 13 to 15, 16 to 18, and 19 to 22 years, re-
spectively. Sun exposure in primary school was asso-
ciated with reduced risk of MS. This finding is
consistent with several studies, such as one conducted
in Tasmania that found that increased sun exposure
during childhood and early adolescence was associ-
ated with a decreased risk of MS [27]. Another study
that found an association between sun exposure in
childhood and the risk of monozygotic twins with MS
reported similar results [28]. Moreover, sun exposure
during university was associated with a reduced risk
of MS. The mechanism of sun exposure can be ex-
plained by Vitamin D, which has been proposed to be
the main mediator of this protective effect [29]. Vita-
min D receptors bind thousands of genomic sites in
immune systems in lymphoblastoid cells, and there is
a direct correlation between vitamin D levels and
vitamin D receptor binding sites, which bind to fewer
sites in primary CD4+ T cells in individuals with low
vitamin D levels compared to individuals with normal vita-
min D levels [30, 31]. Nevertheless, a population-based
case-control study endorses the theory that UVR exposure
contributes to reducing MS risk independently of its conse-
quences on vitamin D levels [32]. Moreover, research in
Australia recommended that both solar emission and vita-
min D have individual protective effects on MS develop-
ment [33]. There are several pathways through which UVR
may influence immune reactions that are independent of
vitamin D production, for example, UVB contact influences
universal immune responses and assuages systemic auto-
immunity through the introduction of regulatory T cells
and skin- derived tolerogenic dendritic cells [34].
In this study, current smokers were found more

often in the MS cases than in healthy controls; how-
ever, this was not statistically significant. This may be
due to fact that the majority of MS patients in our

study were women and that smoking is more com-
mon among men than women in our community. A
recent meta-analysis including 10 studies showed that
cigarette smoking appeared to increase the risk of MS
to a greater extent in men than in women. Addition-
ally, the majority of cigarette smokers were not heavy
smokers. We consider that this may be related to MS
patients quitting smoking after being diagnosed with
the disease. However, this may be unlikely especially
in cases of ex-smokers, where differences were not
statistically significant between MS patients and con-
trols. On the other hand, tobacco use in our region
may have little influence on the development of MS,
and this finding is consistent with two studies re-
ported from Kuwait [11, 35].
In our study, as in all case-control studies, there are

several limitations. Case control studies are subject to
recall bias which is a potential threat to the validity of
the results. In the present study, we recruit only MS
cases who were within 4 years of diagnosis to minimize
the risk for misclassified answers.
Information was obtained retrospectively, with some

of the exposures referring to years long before the
study, and thus, this study may have exposure mis-
classification. However, for example, we used school
level rather than age period to increase the recall of
MS patients and controls regarding sun exposure.
Additionally, we asked about viral infections with ob-
vious clinical features, such as measles and chicken
pox, which participants could recall easily. Other epi-
demiological studies need to be carried out to know
others that were not assessed in the present study
such as Epstein-Barr virus, since this is a major risk
factor in other populations. Diet assessment is one
limitation in this study, since participants could have
changed their current diet since diagnosis. Selection
bias is a threat if controls are not representative of
the population from which the cases arose. In this
particular study, controls were specifically selected
from the same hospital as the MS cases. Additionally,
selection bias could be considered since controls may
have MS as there is a relatively long latency period.
However, this is unlikely since MS is not common in
the general population. The matched analysis helped
to control for these design characteristics.

Conclusions
Our study suggested that high levels of sun exposure dur-
ing primary school and university, consumption of fruits
and drinking coffee protect against MS. In contrast, eating
fast food was associated with increased risk of the disease.
Encouraging outdoor activity and healthy diets in school,
especially for females, is highly recommended.

Al Wutayd et al. BMC Neurology  (2018) 18:86 Page 6 of 8



Additional file

Additional file 1: Table S1. Bivariate analysis of variables associated
with risk of Multiple Sclerosis. (PDF 338 kb)

Abbreviations
AOR: Adjusted odds ratio; CI: Confidence interval; MS: Multiple sclerosis;
NHS: Nurses’ health study; ORs : Odd ratios; Th17: T helper type 17
lymphocyte; US: United States; UVB: Ultraviolet B; UVR: Ultraviolet radiation

Acknowledgments
We would like to thank all members of arfa MS society which is a group of
MS patients in Saudi Arabia for encourage us to conduct this study and Dr.
Samah Ishak, and Dr. Ayah Al Jawhary for help with distribution of the
questionnaires. Finally, we would like to thank the patients who kindly
consented to participate in this study.

Funding
This publication Environmental Exposures and the Risk of Multiple Sclerosis
in Saudi Arabia, was made possible in part by a grant from MENACTRIMS,
funded by SANOFI – AVENTIS GROUPE (DMCC Branch), representative office
of Sanofi – Aventis Groupe SA. The funding body did not have a role in the
design of the study and collection, analysis, and interpretation of data and in
writing the manuscript.

Availability of data and materials
The datasets used and analyzed during the current study are available from
corresponding author on reasonable request.

Authors’ contributions
OW and MJ made contributions to review of literature, study design, data
management, and analysis, and manuscript writing. AGM made contributions
for supervision of the sampling and development of manuscript. JS and HO
made contributions to supervision in data collection and management and
revising the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Institutional Review Board approval was obtained for this study from King
Fahad Medical City, King Fahad General Hospital, and Dammam Central
Hospital, Ministry of Health, Saudi Arabia (No. H-01-R-012), College of
Medicine and King Khalid University Hospital, Saudi Arabia (No. E-15-1513),
and King Abdullah International Medical Research Center, Saudi Arabia
(No. RC15/055).
The written Informed consent was taken from each participant, it was clear
indicating the purpose of the study and the rights of participants for
confidentiality, to withdraw at any time without any obligation towards the
study team and to contact team for any query. Participant’s anonymity was
assured by assigning each participant with a code number for the purpose
of analysis only.

Competing interests
This publication Environmental Exposures and the Risk of Multiple Sclerosis
in Saudi Arabia, was made possible in part by a grant from MENACTRIMS,
funded by SANOFI – AVENTIS GROUPE (DMCC Branch), representative office
of Sanofi – Aventis Groupe SA. The funding body did not have a role in the
design of the study a nd collection, analysis, and interpretation of data and
in writing the manuscript.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Unaizah College of Medicine, Qassim University, Qassim, Saudi Arabia.
2Unaizah College of Medicine and Medical Sciences – Qassim University,
Unaizah, Qassim, Saudi Arabia. 3King Khalid University Hospital, Riyadh, Saudi
Arabia. 4Princess Norah Bint Abdulrahman University, Riyadh, Saudi Arabia.
5King Fahad General Hospital, Ministry of Health, Jedda, Saudi Arabia. 6King
Fahad Medical City, MOH, KAIMRC/KSAU-HS, Riyadh, Saudi Arabia.

Received: 8 December 2017 Accepted: 13 June 2018

References
1. Compston A, Coles A. Multiple sclerosis. Lancet. 2002;359(9313):1221–31.
2. Compston A. McAlpine’s multiple sclerosis, vol. Vol 3. London; Edinburgh;

New York: Churchill Livingstone; 1998.
3. Nortvedt MW, Riise T, Myhr KM, Nyland HI. Quality of life in multiple

sclerosis: measuring the disease effects more broadly. Neurology. 1999;
53(5):1098–103.

4. Al-Hashel J, Besterman AD, Wolfson C. The prevalence of multiple sclerosis
in the Middle East. Neuroepidemiology. 2008;31(2):129–37.

5. Alroughani RA, Al-Jumah MA. The need for a multiple sclerosis registry in
the Gulf region. Neurosciences (Riyadh, Saudi Arabia). 2014;19(2):85–6.

6. Al-deeb S. Epidemiology of MS in Saudi Arabia; in 25th Congress of the
European Committee for Treatment and Research in Multiple Sclerosis.
Dusseldorf; 2009.

7. Bohlega S, Inshasi J, Al Tahan AR, Madani AB, Qahtani H, Rieckmann P.
Multiple sclerosis in the Arabian gulf countries: a consensus statement. J
Neurol. 2013;260(12):2959–63.

8. Steele SU, Mowry EM. Etiology. Multiple sclerosis and CNS inflammatory
disorders. Wiley; 2014. p. 1–9. Retrieved from https://www.wiley.com/en-sa/
Multiple+Sclerosis+and+CNS+Inflammatory+Disorders-p-9780470673881.
ISBN: 978-0-470-67388-1.

9. Ponsonby AL, van der Mei I, Dwyer T, Blizzard L, Taylor B, Kemp A. Birth
order, infection in early life, and multiple sclerosis. Lancet Neurol. 2005;4(12):
793–4. author reply 5

10. Sadovnick AD, Yee IM, Ebers GC. Multiple sclerosis and birth order: a
longitudinal cohort study. Lancet Neurol. 2005;4:611–7.

11. Al-Afasy HH, Al-Obaidan MA, Al-Ansari YA, Al-Yatama SA, Al-Rukaibi MS,
Makki NI, et al. Risk factors for multiple sclerosis in Kuwait: a population-
based case-control study. Neuroepidemiology. 2013;40(1):30–5.

12. Al Jumah M, Kojan S, Al Khathaami A, Al Abdulkaream I, Al Blawi M, Jawhary A.
Familial multiple sclerosis: does consanguinity have a role? Mult Scler
(Houndmills, Basingstoke, England). 2011;17(4):487–9.

13. Al-Shammri SN, Hanna MG, Chattopadhyay A, Akanji AO. Sociocultural and
demographic risk factors for the development of multiple sclerosis in
Kuwait: a case-control study. PLoS One. 2015;10(7):e0132106.

14. Farez MF, Fiol MP, Gaitan MI, Quintana FJ, Correale J. Sodium intake is
associated with increased disease activity in multiple sclerosis. J Neurol
Neurosurg Psychiatry. 2015;86(1):26–31.

15. Kleinewietfeld M, Manzel A, Titze J, Kvakan H, Yosef N, Linker RA, et al.
Sodium chloride drives autoimmune disease by the induction of
pathogenic TH17 cells. Nature. 2013;496(7446):518–22.

16. Cortese M, Yuan C, Chitnis T, Ascherio A, Munger KL. No association
between dietary sodium intake and the risk of multiple sclerosis. Neurology.
2017;89(13):1322–9.

17. Sundstrom P, Juto P, Wadell G, Hallmans G, Svenningsson A, Nystrom L, et
al. An altered immune response to Epstein-Barr virus in multiple sclerosis: a
prospective study. Neurology. 2004;62(12):2277–82.

18. Krone B, Pohl D, Rostasy K, Kahler E, Brunner E, Oeffner F, et al. Common
infectious agents in multiple sclerosis: a case-control study in children. Mult
Scler. 2008;14(1):136–9.

19. Bachmann S, Kesselring J. Multiple sclerosis and infectious childhood
diseases. Neuroepidemiology. 1998;17(3):154–60.

20. Ghadirian P, Jain M, Ducic S, Shatenstein B, Morisset R. Nutritional factors in
the aetiology of multiple sclerosis: a case-control study in Montreal, Canada.
Int J Epidemiol. 1998;27(5):845–52.

21. Pekmezovic T, Tepavcevic D, Mesaros S. Food and dietary patterns and
multiple sclerosis: a case-control study in Belgrade (Serbia). Ital J Publ Health
2009;6:81–7.

22. Bagheri M, Maghsoudi Z, Fayazi S, Elahi N, Tabesh H, Majdinasab N. Several
food items and multiple sclerosis: a case-control study in Ahvaz (Iran). Iran J
Nurs Midwifery Res. 2014;19(6):659–65.

23. Hedstrom AK, Mowry EM, Gianfrancesco MA, Shao X, Schaefer CA, Shen L,
et al. High consumption of coffee is associated with decreased multiple
sclerosis risk; results from two independent studies. J Neurol Neurosurg
Psychiatry. 2016;87(5):454–60.

24. Massa J, O'Reilly EJ, Munger KL, Ascherio A. Caffeine and alcohol intakes
have no association with risk of multiple sclerosis. Mult Scler (Houndmills,
Basingstoke, England). 2013;19(1):53–8.

Al Wutayd et al. BMC Neurology  (2018) 18:86 Page 7 of 8

https://doi.org/10.1186/s12883-018-1090-8
https://www.wiley.com/en-sa/Multiple+Sclerosis+and+CNS+Inflammatory+Disorders-p-9780470673881
https://www.wiley.com/en-sa/Multiple+Sclerosis+and+CNS+Inflammatory+Disorders-p-9780470673881


25. Horrigan LA, Kelly JP, Connor TJ. Caffeine suppresses TNF-alpha production
via activation of the cyclic AMP/protein kinase a pathway. Int
Immunopharmacol. 2004;4:1409–17.

26. Kalda A, Yu L, Oztas E, Chen JF. Novel neuroprotection by caffeine and
adenosine a(2A) receptor antagonists in animal models of Parkinson's
disease. J Neurol Sci. 2006;248:9–15.

27. van der Mei IA, Ponsonby AL, Dwyer T, Blizzard L, Simmons R, Taylor BV,
et al. Past exposure to sun, skin phenotype, and risk of multiple sclerosis:
case-control study. BMJ. 2003;327(7410):316.

28. Islam T, Gauderman WJ, Cozen W, Mack TM. Childhood sun exposure
influences risk of multiple sclerosis in monozygotic twins. Neurology. 2007;
69(4):381–8.

29. Smolders J, Damoiseaux J, Menheere P, Hupperts R. Vitamin D as an
immune modulator in multiple sclerosis, a review. J Neuroimmunol. 2008;
194(1):7–17.

30. Ramagopalan SV, Heger A, Berlanga AJ, Maugeri NJ, Lincoln MR, Burrell A,
et al. A ChIP-seq defined genome-wide map of vitamin D receptor binding:
associations with disease and evolution. Genome Res. 2010;20(10):1352–60.

31. Handel AE, Sandve GK, Disanto G, Berlanga-Taylor AJ, Gallone G, Hanwell H,
et al. Vitamin D receptor ChIP-seq in primary CD4+ cells: relationship to
serum 25-hydroxyvitamin D levels and autoimmune disease. BMC Med.
2013;11:163.

32. Baarnhielm M, Hedstrom AK, Kockum I, Sundqvist E, Gustafsson SA, Hillert J, et al.
Sunlight is associated with decreased multiple sclerosis risk: no interaction with
human leukocyte antigen-DRB1*15. Eur J Neurol. 2012;19(7):955–62.

33. van der Mei IA, Ponsonby AL, Blizzard L, Dwyer T. Regional variation in
multiple sclerosis prevalence in Australia and its association with ambient
ultraviolet radiation. Neuroepidemiology. 2001;20(3):168–74.

34. Breuer J, Schwab N, Schneider-Hohendorf T, Marziniak M, Mohan H, Bhatia
U, et al. Ultraviolet B light attenuates the systemic immune response in
central nervous system autoimmunity. Ann Neurol. 2014;75(5):739–58.

35. Al-Shammri SN, Hanna MG, Chattopadhyay A, Akanji AO. Sociocultural and
demographic risk factors for the development of multiple sclerosis in
Kuwait: a case - control study. PLoS One. 2015;10(7):e0132106.

Al Wutayd et al. BMC Neurology  (2018) 18:86 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

