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ABSTRACT  
 

BACKGROUND፡ Multiple sclerosis (MS) is an immune mediated 
disabling neurological disorder. Very little is known about MS in 
Ethiopia. The objective of this study was to determine the 
prevalence of hypovitaminosis D and associated factors in cohort 
of MS patients in Ethiopia. 
METHOD: A cross-sectional observational study was conducted 
among 25 multiple sclerosis patients at Yehuleshet Specialty 
Clinic, Addis Ababa, Ethiopia.  
RESULTS: The prevalence of vitamin D deficiency was 96% 
(n=24). The average serum vitamin D was 14.8 (±10.4) ng/mL. 
The mean age was 35.8 (±10) years. Females accounted for 80% 
(n=20). Relapsing and remitting MS was the commonest variant. 
Motor, sensory, and mixed symptoms accounted for 40% (n=10), 
20% (n=5), and 24% (n=6), respectively. Cold or hot weather and 
stress were reported as worsening factors in 24% (n=6). Relapse 
rate was 44% (n=11). Fatigue and seizure disorder were reported 
by 80% (n=20) and 16% (n=4) respectively. Steroid is the 
commonest prescribed medication for the patients. A negative 
correlation was found between serum vitamin D and age (r = -
0.062, p = 0.7). Similarly, a negative association was observed 
between vitamin D and duration of illness (r = -0.311, p = 0.1). 
Fatigue was reported by those with moderate hypovitaminosis 
compared to those having severe hypovitaminosis (p=0.002). 
Seizure was reported more by those with vitamin D below 
10ng/mL compared to those having above 10 ng/mL (p=0.004). 
CONCLUSION: Our study demonstrates a high prevalence of 
hypovitaminosis D in Ethiopian MS patients. Hypovitaminosis D 
was associated with increment in age and duration of illness.  
KEYWORDS: Multiple sclerosis, hypovitaminosis D, latitude, 
vitamin D, Ethiopia 
 
INTRODUCTION  
 
Multiple sclerosis (MS) is an immune-mediated central nervous 
system (CNS) disorder, characterized by demyelination, chronic 
inflammation, oligodendrocyte death, and axonal loss. It affects 
young females disproportionally compared to males (1).
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The etiology of MS may be multifactorial, 
possibly involving genetics, environmental 
factors, infections, latitude gradient, and vitamin 
D deficiency (2). In the past two decades, a 
plethora of scientific evidences based on 
epidemiological and genetic studies reported an 
association between low serum vitamin D 
concentration and multiple sclerosis. According 
to a recently published review article, the 
highest prevalence was observed in Australian-
born Australians and the lowest prevalence was 
seen in Black African (3). 

The geographic latitude of Ethiopia at 
slightly more than 9 degrees (ranging from just 
over 3 degrees at Moyale to almost 14 degrees at 
Mekele) makes it a low prevalence region for 
MS with an estimated prevalence of 1-5/100,000 
people (3). The first case of multiple sclerosis 
was reported from Ethiopia 35 years ago (4). 
Subsequent improvement in diagnostic 
capabilities including high resolution MRI 
coupled with an increasing number of well-
trained neurologists have unquestionably 
contributed to the diagnosis and management of 
MS in Ethiopia. Recently published studies 
demonstrated a high prevalence of vitamin D 
deficiency among the Ethiopian population 
despite the tropical location with abundant 
sunlight (5,6). Furthermore, the vast genetic 
diversity observed in Ethiopian population and 
high prevalence of hypovitaminosis D may be 
contributing to the current epidemiological shift 
observed in increasing number of multiple 
sclerosis cases. Contrary to the general belief 
among most scientists that multiple sclerosis is 
rare among black Africans and population living 
in the tropics, we believe this study will shade 
some light on this disabling immune-mediated 
neurological disorder. 

The objective of this study was to assess the 
prevalence of vitamin D deficiency and 
associated factors among multiple sclerosis 
patients in Ethiopia. To the best of our 
knowledge, this is the first study to report on 
multiple sclerosis and vitamin D status in 
Ethiopia. 
 
MATERIALS AND METHODS 
  
Study objective and study setting: The aim of 
our study was to assess serum vitamin D level 

and associated factors in patients with multiple 
sclerosis. The study was conducted at the 
Yehuleshet Specialty Clinic (YSC) Outpatient 
Neurology Clinic located in the heart of Addis 
Ababa, Ethiopia. YSC provides comprehensive 
care for a large number of neurology patients 
and is fully equipped with MRI, EEG, 
NCV/EMG, and evoked potential testing as well 
as routine non-neurological services such as 
hematologic and other laboratory studies, x-rays, 
ECG, and ultrasound.  Ethiopia lies between the 
Equator and Tropic of Cancer, between the 30 N 
and 150 N Latitude and 330 E and 480 E 
Longitude. The capital, Addis Ababa, is located 
at the foot of Entoto Mountain, 3000m above sea 
level (7). 
 

Study period and design: The study was a 
cross sectional observational survey conducted 
at YSC between November 2019 and April 
2020. All MS patients aged 18 years and above 
were included in the study. The diagnosis of MS 
was made by certified neurologists (BAA, 
MZW, and GZM) based on the 2017 Revised 
McDonald Criteria (8), verbally consented to 
participate, and serum vitamin D levels were 
included in the study. The following reference 
standards were used during analysis for serum 
Vitamin D level: Severe deficiency (< 12ng/ml), 
moderate deficiency (12- 20 ng/ml), mild 
deficiency (20-30 ng/ml), and normal (> 30 
ng/ml) (9). 
Data collection tool and procedure: A 
structured questionnaire was used in assessing 
the socio-demographic, serum vitamin D, 
clinical characteristics, and type of MS, 
treatment, and comorbid disorders. All 25 MS 
patients included in the study were evaluated, 
and each patient was examined by one of three 
board-certified neurologists. Patients’ medical 
recorders were reviewed for additional clinical 
data. All patients were diagnosed with MS and 
followed at YSC from November 2019 through 
the present. 
 

Data analysis: Completed questionnaires were 
cleaned and entered into Statistical Package for 
Social Sciences (SPSS) Version 25 for analysis. 
We used descriptive statistics with frequency 
and proportion for categorical data and mean, 
range, and standard deviation (SD) for 
continuous variables. Associations between 
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selected variables were tested using Student’s t-
test and Fisher’s exact or Chi-square tests. 
Variables with p values <0.05 were considered 
statistically significant. 
 
RESULTS  
 

Sociodemographic characteristics and 
duration of illness: The average age of study 
participants was 35.8 (±10) years (Range: 19 - 
60 years). Half of the patients were aged 

between 30 and 40 years. Females accounted for 
80% (n=20). The average duration of illness was 
3.4 (±3.2) years (Range: 1 - 11 years). The 
majority (n=9, 36%) of them were government 
employees, while 8% were students. Seven 
(28%) of the study participants changed their 
jobs after being diagnosed with MS. Twenty-one 
(84%) of the patients attended grade 12 and 
above (Table 1). 

 
Table 1: Sociodemographic characteristics and duration of illness of study participants  
 

Characteristics   Number (%) 
Age category  ≤ 30 years 7 (28%) 

 31 - 40 years 13 (52%) 
 > 40 years 5 (20%) 

Gender Male 5 (20%) 
 Female 20 (80%) 

Duration of illness ≤ 5 years 18 (72%) 
 >5 years       7 (28%) 

Change of job due to illness Yes 7 (28%) 
 No 18 (72%) 

Educational level Grade 7 - 12 4 (16%) 
 Grade 12 and above 21 (84%) 

Occupation Private business  7 (28%) 
 Government employee  9 (36%) 
 Daily laborer  1 (4%) 
 Housewife  5 (20%) 
 Students  2 (8%) 
 Non-governmental organization 1 (4%) 

 
Vitamin D level, classification and clinical 
characteristics of study participants: Twenty-
four (96%) of the study participants had vitamin 
D deficiency (< 30ng/mL). The mean serum 
vitamin D was 14.8 (10.4) ng/mL (range: 4 – 
53.1 ng/mL). Nearly half (48%) had serum 
vitamin D < 10ng/mL. All patients with 
hypovitaminosis D treated with standard 
regimen of vitamin D supplementation, advised 
on importance of sunshine exposure, and 
nutritional advice. On subsequent follow up, 
serum vitamin D was determined for ten (40%) 
of them. The average serum vitamin D was 47.5 
(±27.7) ng/mL. All the ten patients reported mild 
to moderate improvement in their initial 
presenting symptoms. Among a total of 25 MS 
patients, 56% had relapsing and remitting MS 

(RRMS), 16% had primary progressive MS 
(PPMS), and 20% had clinically isolate 
syndrome. The commonest presenting symptoms 
are motor (40%), followed by mixed clinical 
features (sensory + motor + visual) and sensory 
features (20%).  

Nearly half (44%) of our study participants 
reported one or more relapse after their initial 
diagnosis. Meanwhile, 80% of the patients 
reported fatigue, and 16% had seizure (Table 2). 
Among additional symptoms, ten (40%) had gait 
abnormality, 12% had bowel/bladder 
dysfunction, and 12% reported pain. Six (24%) 
reported cold or hot weather and stress worsened 
their symptoms. Funduscopic examination 
showed optic neuritis in 16%, optic atrophy in 
8%, and normal in 76%. 
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Table 2: Serum vitamin D, classification and clinical characteristics of study participants 

Characteristics  Number (%) 
Vitamin D level ≤ 10 ng/ml 

11 – 20 ng/ml 
>20 ng/ml 

12 (48%) 
8 (32%) 
5 (20%) 

Classification of MS Relapsing and remitting MS 14 (56%) 
 Primary progressive MS 4 (16%) 

 Secondary progressive MS 
Clinical isolate syndrome  

2 (8%) 
5 (20) 

Presenting symptoms Sensory features 5 (20%) 
 Motor features 

Visual complaints  
Mixed features  

10 (40%) 
4 (16%) 
6 (24%) 

Relapse Yes  11 (44%) 
 No  14 (56%) 

Fatigue  Yes 20 (80%) 
 No 5 (20%) 

Seizure disorder Yes  4 (16%) 
 No  21 (84%) 
¶MS: Multiple sclerosis 

Treatment, comorbidities, and associated 
factors among study participants: Three of our 
patients received disease modifying drugs for 
MS treatment. Two received Rituximab and one 
received Azathioprine. Seventeen (68%) patients 
were treated with steroid at first attack or 
relapse. Among reported comorbid illnesses, 
diabetes mellitus (DM) accounted for 28%, HIV 

infection accounted for 4% and 36% reported no 
comorbid illness (Figure 1). Four (16%) reported 
history of alcohol ingestion, 20% reported 
having previous history of head injury, and one 
patient was tested positive for syphilis. None of 
our patients reported family history of MS and 
cigarette smoking. Trigeminal neuralgia was 
diagnosed in 8% of our study participants. 

 

Association between serum vitamin D, age, 
and duration of illness: Pearson’s correlation 
was done to determine possible association 
between serum vitamin D and age and duration 

of illness. The present study showed negative 
correlation between serum vitamin D level and 
age (r = -0.062, p = 0.7, R2= 0.004) (Figure 2). 
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Similarly, negative association was observed 
between duration of illness and serum vitamin D 
(r = -0.311, p = 0.1, R2= 0.097) (Figure 3). 

Furthermore, age and duration of illness were 
responsible for 0.4% and 9.7% of the variation 
(R2) observed in serum vitamin D level. 

 

Association between hypovitaminosis D, 
fatigue, and seizure disorders: Fisher's Exact 
Test was done between serum vitamin D and 
fatigue and between vitamin D and presences of 
seizure disorder. Statistically significant 
correlation was observed between fatigue and 
serum vitamin D level > 10ng/mL (p = 0.02). 

Those MS patients having moderate vitamin D 
deficiency (> 10ng/mL) reported fatigue more 
compared to those having level < 10ng/mL 
because, less proportion of patients had level < 
10ng/mL (48%) compared to level > 10ng/mL 
(52%) (Table 1). Seizure disorder was associated 
with hypovitaminosis D (p = 0.04) (Table 3). 
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Table 3: Association between hypovitaminosis D level and different variables 
 
 Serum Vitamin D level Fisher's Exact Test 

CI 95% ≤ 10 ng/mL 
N (%) 

> 10 ng/mL 
N (%) 

Fatigue  Yes 7 (28%) 13 (52%) P = 0.02 
  No 5 (20%) 0 (0.0%) 

Seizure  Yes  4 (16%) 0 (0.0%) P = 0.04 
 

P = 0.3 
 

P = 0.2 
 
 

P = 0.3 
 
 

 
Gender 
 
Relapse  
 
Type of MS 

No  
Male   
Female   
Yes  
No  
 

Clinically isolate syndrome 
Relapsing and remitting MS 
Secondary progressive MS 
Primary progressive MS 

8 (32%) 
1 (4%) 
11 (44%) 
7 (28%) 
5 (20%) 
 
2 (8%) 
9 (36%) 
0 
1 (4%) 

13 (52%) 
4 (16%) 
9 (36%) 
4 (16%) 
9 (36%) 
 
3 (12%) 
5 (20%) 
2 (8%) 
3(12%) 

¶MS: Multiple sclerosis 

DISCUSSION  
 

High prevalence of vitamin D deficiency (96%) 
was found among Ethiopian MS patients with 
mean (±SD) of level 14.8 ± 10.4ng/mL. These 
findings were in agreement with previous 
reports of low vitamin D among Ethiopians, 
despite abundant sun light (5,6). Females 
accounted for majority of MS and 
hypovitaminosis D (1,10–12). Steroid is the 
most commonly prescribed medication, while a 
minority of the patients received disease 
modifying therapy. Furthermore, inverse 
correlation was found between serum vitamin D 
level and age, as well as between vitamin D 
level and duration of illness A significant 
proportion of our patients reported fatigue (13). 
Fatigue and seizure were in significant statistical 
agreement with low serum vitamin D level.  

In our study mean age was 35.8 years, 
which is in line with similar reports (14–16). 
Half of our patients had severe vitamin D 
deficiency. These findings are consistent with 
previously reported studies (17–19). Relapsing 
and remitting MS is the predominant type of MS 
observed among our patients. Majority of the 
patients presented with symptoms related to 
disturbance of motor, sensory, and visual 
system. These findings were consistent with 
studies from Egypt and Europe (20–24). The 
observed low proportion of secondary 
progressive MS type in this study could be due 

to relatively short disease duration observed in 
our study. Although, multiple sclerosis is 
predominantly a demyelinating CNS disorder, 
cortical features such as seizure disorders are not 
uncommon. In our study four patients had 
seizures, which was associated with low serum 
vitamin D level (P = 0.04). Several studies 
reported prevalence of seizure disorder and 
epilepsy to range from 0.5% - 3% among MS 
patients (25,26).  
The management of MS has changed 
significantly in recent decades.  Currently 
patients with established MS are treated with 
Disease-modifying drugs (DMD) (20,23,25). In 
our study, only three MS patients received 
DMDs (Rituximab and Azathioprine) due to the 
unavailability of those medications in Ethiopia. 
The most common risk factors identified in our 
study were vitamin D deficiency and female 
gender. 

A small number of our patients had a 
history of either alcohol ingestion or head injury, 
but none of the patients used tobacco.  There 
was no relevant family history for any of the 
patients (22,27–31). The prevalence of 
comorbid, diabetes mellitus, hypertension, and 
HIV infection was 28%, 8%, and 4% 
respectively. These findings were supported by 
similar studies (32,33). These observations may 
be attributable to the ever increasing degree of 
immobility and fatigue observed among MS 
patients, prolonged steroid and DMD usage 
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(68% in our study), and increasing life 
expectance predisposing MS patients to 
comorbid illnesses. 

There was an inverse correlation between 
serum vitamin D levels and both the age 
distribution and duration of illness (Figures 2 
and 3). These study findings indicates as the age 
and duration of illness increase serum vitamin D 
level will decrease, which could be attributable 
to disease related disability and aging hindering 
adequate sun exposure. These findings are 
supported by study by Fahmi et al from Egypt 
(10). Furthermore, 0.4% and 9.7% of variations 
observed in serum vitamin D level was due to 
variation related to age and duration of illness, 
respectively (R2= 0.004 & R2= 0.097 
respectively). Hypovitaminosis D is believed to 
be associated with several other autoimmune 
disorders. Similarly, several in vitro and in vivo 
studies have shown that vitamin D has anti-
inflammatory effects by suppressing the innate 
as well as the adaptive immune system 
(16,18,34–36).  
Thus, future researches should be done in order 
to identify other potentially modifiable factors 
responsible for the rest of 90% variation not 
attributable to age and duration of illness. 
Fatigue is reported to occur in 70%- 90% of MS 
patients and is considered to be one of the most 
disabling symptoms at all stage of MS (34). 
Furthermore, hypovitaminosis D is commonly 
associated with fatigue (6). Our study found 
statistically significant association between sub-
optimal level of vitamin D and fatigue, which is 
consistent with similar studies (6,13). 
Limitations of our study includes: small sample 
size, lack of control group, lack of valid tool to 
assess fatigue, and failure to screen our patients 
for other potential causes of hypovitaminosis D. 
Furthermore, we have not assessed the Body 
Mass Index (BMI) of our study participants, 
even though obesity has a strong association 
with vitamin D deficiency. 

In conclusion, our study demonstrates a 
high prevalence of hypovitaminosis D in 
Ethiopian multiple sclerosis patients. 
Hypovitaminosis D was associated with 
increment in age and duration of illness. Future 
controlled study is recommended to consolidate 
our findings. Thus, routine serum vitamin D 
levels determination maybe beneficial as 

hypovitaminosis D is one of potentially 
reversible metabolic disorder associated with 
multiple sclerosis. Furthermore, we recommend 
investigating the role of comorbid diseases such 
as DM in pathogenesis and progression of MS. 

The study received ethical approval from 
City Government of Addis Ababa Health Bureau 
Ethical Clearance Committee (Protocol number: 
A/A/HB/437/227).All subjects provided written 
consent before conducting the interview. 
 

ACKNOWLEDGEMENTS 
 

We are thankful to Yehuleshet Specialty Clinic 
for supporting this survey financially. Finally, 
we would like to thank all the patients who 
participated in the study. 
 
REFERENCES 
 

1. Jagannath VA, Filippini G, Di Pietrantonj C, 
Asokan G V., Robak EW, Whamond L, et al. 
Vitamin D for the management of multiple 
sclerosis. Cochrane Database Syst. Rev. 2018.  

2. Simpson S, Blizzard L, Otahal P, Van Der Mei I, 
Taylor B. Latitude is significantly associated with 
the prevalence of multiple sclerosis: A meta-
analysis. J Neurol Neurosurg Psychiatry. 
2011;82:1132–41.  

3. Makhani N, Morrow SA, Fisk J, Evans C, Beland 
SG, Kulaga S, et al. MS incidence and prevalence 
in Africa, Asia, Australia and New Zealand: A 
systematic review. Mult Scler Relat Disord. 
2014;3:48–60.  

4. Redda T. Multiple sclerosis--a case report on an 
Ethiopian. Ethiop Med J. 1985;23:27–9.  

5. Feleke Y, Abdulkadir J, Mshana R, Mekbib TA, 
Brunvand L, Berg JP, et al. Low levels of serum 
calcidiol in an African population compared to a 
North European population. Eur J Endocrinol. 
1999;141:358–60.  

6. Zenebe G. Vitamin D Levels in Patients Presenting 
with Non-Specific Neuromuscular Pain and 
Fatigue in Ethiopia. Ethiop J Health Sci. 
2020;30(3): 337–346 

7. Great T, Valley R. Location & Size : Geography : 
Climate : History : :1–9.  

8. Thompson AJ, Banwell BL, Barkhof F, Carroll 
WM, Coetzee T, Comi G, et al. Diagnosis of 
multiple sclerosis: 2017 revisions of the 
McDonald criteria. Lancet Neurol. 2018;17:162.  

9. American Board of Internal Medicine (ABIM) 
Laboratory Reference Ranges .2014;6:3–10.  

10. Fahmi RM, Lotfy SM, Mohamed WS, Elsaid AF, 
Murad MH, Abdulmoneem G. Vitamin D levels 
in patients with multiple sclerosis. Egypt J Neurol 



           Ethiop J Health Sci.                               Vol. 31, No. 3                       May 2021 
 

 
DOI: http://dx.doi.org/10.4314/ejhs.v31i3.18 
 

618 

 

Psychiatry Neurosurg. 2014;51:145–52.  
11. Gündüz T. Does Serum Vitamin D Level During 

Pregnancy Influence the Risk of Multiple 
Sclerosis? Turkish J Neurol. 2016;22:203–203.  

12. Van Der Mei IAF, Ponsonby AL, Dwyer T, 
Blizzard L, Taylor B V., Kilpatrick T, et al. 
Vitamin D levels in people with multiple sclerosis 
and community controls in Tasmania, Australia. J 
Neurol. 2007;  

13. Veauthier C, Radbru H, Gaede G, Pfueller CF, 
Dörr J, Bellmann-Strobl J, et al. Fatigue in 
multiple sclerosis is closely related to sleep 
disorders: A polysomnographic cross-sectional 
study. Mult Scler J. 2011;17:613–22.  

14. Soilu-Hänninen M, Airas L, Mononen I, Heikkilä 
A, Viljanen M, Hänninen A. 25-Hydroxyvitamin 
D levels in serum at the onset of multiple 
sclerosis. Mult Scler. 2005;11(3):266-71. 

15. Ogunjimi L, Makanjuola A, Yaria J, Ogunniyi A. 
Case Series of Demyelinating Disorders in Sub-
Saharan Africa: Challenges with Differentiating 
Multiple Sclerosis from Neuro-myelitis Optica. 
Int J Clin Case Stud. 2016;2.  

16. Eskandari G, Ghajarzadeh M, Yekaninejad MS, 
Sahraian MA, Gorji R, Rajaei F, et al. 
Comparison of serum vitamin D level in multiple 
sclerosis patients, their siblings, and healthy 
controls. Iran J Neurol  2015;14:81–5 

17. Ibrahim MH, Alloush TK, Rahim MKA. Vitamin 
D Level in Multiple Sclerosis Patients. Could 
Vitamin D Level Be Routine Investigation for 
Multiple Sclerosis Patients? Neurosci Med. 
2014;05:201–4.  

18. Hejazi E, Amani R, SharafodinZadeh N, 
Cheraghian B. Comparison of Antioxidant Status 
and Vitamin D Levels between Multiple Sclerosis 
Patients and Healthy Matched Subjects. Mult 
Scler; 2014;2014:1–5.  

19. Nikanfar M, Taheri-Aghdam AA, Yazdani M, 
Shaafi S, Masoudian N, Akbari H, et al. Serum 
25(OH) Vitamin D levels is not associated with 
disability in multiple sclerosis patients: A case-
control study. Iran J Neurol. 2015;14:17–21. 

20. A Ibrahim EA, Gassoum A, Aldeaf SA, Ahmed 
MO, Altom Ahmed SH. The Patterns of Clinical 
Presentation of Multiple Sclerosis in Patients 
admitted to the National Center of Neurological 
Sciences, Khartoum, Sudan 2018. J Neurol 
Neurosci. 2018;09:1–7.  

21.Kalincik T. Multiple sclerosis relapses: 
Epidemiology, outcomes and management. A 
systematic review. Neuroepidemiology. 
2015;44:199–214.  

22. Ramagopalan S V., Dobson R, Meier UC, 
Giovannoni G. Multiple sclerosis: risk factors, 
prodromes, and potential causal pathways. Lancet 

Neurol. 2010;9:727–39.  
23. Ghezzi A. European and American Guidelines for 

Multiple Sclerosis Treatment. Neurol Ther; 
2018;7:189–94. 

24. Dobson R, Giovannoni G. Multiple sclerosis – a 
review. Eur. J. Neurol. 2019; 26(1):27-40. 

25. Langenbruch L, Krämer J, Güler S, Möddel G, 
Geßner S, Melzer N, et al. Seizures and epilepsy 
in multiple sclerosis: epidemiology and prognosis 
in a large tertiary referral center. J Neurol; 
2019;266:1789–95. 

26. Uribe-San-Martín R, Ciampi-Díaz E, Suarez-
Hernández F, Vásquez-Torres M, Godoy-
Fernández J, Cárcamo-Rodríguez C. Prevalence 
of epilepsy in a cohort of patients with multiple 
sclerosis. Seizure. 2014;23:81–3.  

27. Ascherio A. Environmental factors in multiple 
sclerosis. Expert Rev Neurother. 2013.  

28. Reilly PA, Hendrickson Mat TL. Issue Overview. 
Mil Med. 2019;184:2.  

29. Tarlinton RE, Khaibullin T, Granatov E, 
Martynova E, Rizvanov A, Khaiboullina S. The 
interaction between viral and environmental risk 
factors in the pathogenesis of multiple sclerosis. Int 
J Mol Sci. 2019;20:1–16.  

30. O’Gorman C, Lucas R, Taylor B. Environmental 
risk factors for multiple sclerosis: A review with a 
focus on molecular mechanisms. Int J Mol Sci. 
2012;13:11718–52.  

31. Olsson T, Barcellos LF, Alfredsson L. Interactions 
between genetic, lifestyle and environmental risk 
factors for multiple sclerosis. Nat Rev Neurol; 
2016;13:26–36. 

32. Baghbanian SM. Follow-up of hypertension in 
patients with multiple sclerosis. Iran J Neurol  
2016;15:180–1 

33. King AB, Wolfe G, Healy S. Clinical observations 
of exenatide treatment. Diabetes Care. 
2006;29:1984.  

34. Haghighi S, Forsmark S, Carlsson A, Nilsson 
MKL, Carlsson ML, Schuit RC, et al. Open study 
with in multiple sclerosis-related fatigue. Acta 
Neurol Scand. 2018;138:482–9.  

35. Muris AH, Smolders J, Rolf L, Thewissen M, 
Hupperts R, Damoiseaux J. Immune regulatory 
effects of high dose vitamin D3 supplementation 
in a randomized controlled trial in relapsing 
remitting multiple sclerosis patients receiving 
IFNβ; the SOLARIUM study. J Neuroimmunol. 
2016; 300:47-56. 

36. Miclea A, Bagnoud M, Chan A, Hoepner R, 
Camu W, Miclea A. A Brief Review of the 
Effects of Vitamin D on Multiple Sclerosis. 
2020;11:1–10. 


