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Abstract
Background: Late-onset multiple sclerosis (LOMS) is defined as symptoms initiating at an age above 50. 
Objective: This study aims to determine the clinical and epidemiological aspects of LOMS in East-Azerbaijan province, Iran. 
Methods: This population-based study recruited nearly all MS patients to the end of 2020, who were diagnosed at age ≥ 50, by 
referring to the only local MS registry center. We investigated prevalence, sex, age-of-onset, first clinical presentation, family 
history, and gap of diagnosis. Also, we compared the disease characteristics between male and female cases. 
Results: Out of 4905 total cases of MS, 217 cases (4.42%) were LOMS. The mean age of onset was 53.80 ± 3.41 years with a 
maximum age of 68 years. The most common age group of the patients was 50 to 55 years (69.1%). The frequency by sex of 
LOMS in females (150) was greater than males (67). Positive family history was seen in 6.17%, and in 41% of the patients, the 
disease was diagnosed in a timely manner. Early symptoms were motor (31.3%), sensory (24.8%), optic neuritis (23%), cerebellar 
symptoms (13.8%), and brainstem symptoms (6.9%). The first presentation of the disease was different between male and female 
cases (P-value < 0.01). Motor symptoms were the most prevalent first clinical presentation in female cases (37.6%), while in male 
cases, cerebellar symptoms (25.8%) were the most common.
Conclusion: LOMS is not a rare condition. Increasing knowledge in the diagnosis, as well as increasing awareness of the disease 
in the general population, leads to early diagnosis of LOMS and prevention of consequences.
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Introduction
Multiple sclerosis (MS) is a chronic autoimmune 
inflammatory disease of the central nervous system which 
can cause disability.1 In most cases, MS involves young 
adults at 20 to 40 years of age.2 In late-onset multiple 
sclerosis (LOMS), the symptoms initiate at an age of 50 
years, which constitutes about 5% of the cases.3 There is 
disagreement among articles regarding the cut-off for 
LOMS, but most of them agree on 50 years of age. 

Although there are multiple studies regarding the clinical 
characteristics of adult-onset MS, studies concerning 
the clinical characteristics of LOMS are limited.4 Many 
similar manifestations between LOMS and other diseases 
of the elderly lead to a remarkable diagnostic gap and 
misdiagnosis.5,6 Some literature found a poorer prognosis 
for LOMS which can suggest intensive treatment starting 
at earlier stages of the disease progression.5 

An accurate understanding of the pathogenesis of the 
disease, as well as accurate diagnosis and treatment of 
LOMS, is important. For this purpose, more information 
on the epidemiology, clinical presentation, and prognosis 
of the disease should be provided. A systematic review of 
clinical features of LOMS showed that in 49.80% of the 
cases, the phenotype is relapsing-remitting MS (RRMS) 

which suggested higher prevalence of progressive MS 
in LOMS cases. Although MS is still more prevalent in 
females, this study found a trend of rising proportions of 
male cases with aging.3 

The epidemiologic data on LOMS in the Middle East and 
Iran is rare. This study aims to determine the prevalence 
of LOMS in northwestern Iran. Also, demographic and 
clinical characteristics, family history, and the disease 
diagnostic gap were evaluated.

Materials and Methods
The study was conducted in the East-Azerbaijan (EA) 
province, which is located in northwestern Iran. 

Case Ascertainment
This study was performed by reviewing the patients’ 
files in the only MS registry center of the province in 
the university hospital of the TUOMS, affiliated to the 
Ministry of Health and Medical Education (MOHME). 
This MS Center was launched in 2008. Registration 
is mandatory for future therapeutic checkups, public 
insurance laws, and obtaining drug approval; therefore, 
this database includes almost all MS patients, even those 
who were diagnosed before 2008, in the EA province.
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Diagnosis was made according to the 2005 version of 
McDonald criteria for patients until 2011; patients from 
2011 until 2017 were diagnosed using the 2010-revised 
version of McDonald criteria, and from 2017 forward using 
the 2017-revised version. All patients were diagnosed by 
experienced neurologists. MRI (1.5 Tesla) was performed 
for all patients. All subtypes of MS (relapsing-remitting, 
secondary progressive, and primary progressive) were 
covered in this study. The following tests were requested 
to rule out other diseases, if necessary: anti-phospholipids 
and anti-cardiolipin immunoglobulin G (IgG) and 
immunoglobulin M (IgM) antibodies, erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP), 
anti-nuclear antibodies, anti-double-stranded DNA 
(anti-dsDNA), anti-neutrophil cytoplasmic antibodies, 
angiotensin-converting enzyme inhibitors, serum B12 
level, and other laboratory tests.

This study includes patients in whom MS started 
at age ≥ 50 years to the end of 2020. In cases of lack of 
complete file information, patients were contacted by 
phone. In this study, we considered the age of the disease 
onset, sex, first clinical presentations, family history, and 
diagnostic gap. Gap of diagnosis is the interval between 
the first presentation of the disease to confirming the 
diagnosis, so timely diagnosis is defined as the diagnosis 
of MS in the first days of symptom presentation. First 
disease presentation is classified as motor, sensory, optic 
neuritis, cerebellar symptoms, and brainstem symptoms. 
Cranial nerve involvement (such as double vision, facial 
weakness, and numbness) and vestibular symptoms (such 
as vertigo) are classified as brainstem symptoms and 
ataxia is considered as a cerebellar symptom. 

Statistical Analyses 
Analysis was conducted using IBM SPSS Statistics 
26.0 (SPSS Inc., Chicago, IL, USA) with a 0.05 level of 

significance for P value and 95% confidence intervals 
(CIs). Descriptive statistics were reported in percent or 
mean ± standard deviation, median and interquartile 
ranges (IQR). Independent sample t test, Mann-Whitney 
U test, and chi-square were used for comparison between 
male and female cases. Kolmogorov-Smirnov test was 
utilized for evaluating the normality of the data. All of the 
reported prevalence values were estimated in 100 000 of 
the total population with 95% CIs. 

Results
The total number of MS patients in EA by the end of 2020 
was 4905, consisting of 4016 females (81.8%) and 889 
males (18.1%). A total of 217 cases (4.4%) were LOMS 
which included 150 females (3.7% of all female cases) and 
67 males (7.5% of all male cases). The frequency of LOMS 
was higher in females, with a 2.2:1 female-to-male ratio.

Prevalence
The age- and sex-specific prevalence rates of the disease 
are presented in Table 1. The overall regional prevalence 
of LOMS was 27.06 (95% CI: 23.69-30.91), including 
16.80 (95% CI: 13.22–21.34) in males and 37.22 (95% 
CI: 31.72–43.68) in females (prevalence is reported per 
100 000 population). The number of patients diagnosed 
between 50 to 60 years of age was 203 (out of 217) which 
comprised 93.5% of the LOMS cases. Also, 69.1% of the 
patients were diagnosed between 50 to 55 years of age. 

Characteristic of the Patients
Table 2 summarizes the characteristic of the patients, as 
well as comparing female and male cases. The mean age 
of the disease onset was 53.80 ± 3.41 (median: 52; IQR: 5) 
years, with a maximum age of 68 years, which was not 
different between female and male patients (P = 0.15). 
The mean gap of diagnosis was 8.73 ± 15.91 (median: 0; 

Table 1. Age- and Sex-Specific Prevalence of Late-Onset Multiple Sclerosis in East-Azerbaijan, Iran

Age 
Group

Males Females Both Sexes

Population
No. of
cases

per
100 000

95% CI Population
No. of
cases

per
100 000

95% CI Population
No. of
cases

per
100 000

95% CI

50–54 103 574 47 45.38 34.10-60.39 101 132 103 101.85 83.97-123.53 204 706 150 73.28 62.44-85.99

55–59 87 340 16 18.32 11.22-29.90 90 258 37 40.99 29.70-56.58 177 598 53 29.84 22.80-39.06

60–64 67 249 3 4.46 1.44-13.83 69 269 9 12.99 6.76-24.97 136 518 12 8.79 4.99-15.48

65–69 44 740 1 2.24 0.31-15.87 48 694 1 2.05 0.29-14.58 93 434 2 2.03 0.51-8.12

 ≥ 70 96 025 0 — — 93 617 0 — — 189 642 0 — —

Total 398 928 67 16.80 13.22-21.34 402 970 150 37.22 31.72-43.68 801 898 217 27.06 23.69-30.91

CI: confidence interval.
Note: Populations were retrieved from the latest national census and number of cases was based on the reported disease-onset age in the only multiple sclerosis 
registry of the province.

Table 2. Summary of Characteristics of Late-Onset Multiple Sclerosis Cases in East-Azerbaijan, Iran

Characteristics All Cases (N = 217) Males (n = 67) Females (n = 150) P Value

Age at diagnosis (years) 53.80 ± 3.41 54.15 ± 3.04 53.63 ± 3.58 0.15

Gap of diagnosis (months) 8.73 ± 15.91 8.67 ± 20.73 8.75 ± 13.84 0.47

Familial history 6.17% 6.12% 6.19% 0.98
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IQR: 0) months, 6.1% of the patients had positive familial 
history and there was not a significant difference between 
male and female cases in this regard (P = 0.98). Also, there 
was not a significant difference between male and female 
cases in terms of the mean gap of diagnosis (P = 0.47). As 
shown in Figure 1, in 41% of the patients, the disease was 
diagnosed in a timely manner.

First Clinical Presentation
The reported early symptoms were motor (31.3%), 
sensory (24.8%), optic neuritis (23.0%), cerebellar 
symptoms (13.8%), and brainstem symptoms (6.9%). 
The first clinical presentations in male and female cases 
are shown in Figure 2. There was a significant difference 
between male and female cases in terms of first disease 
presentation (P < 0.01). The most common first clinical 
presentation was cerebellar symptoms among male 
patients (25.8%) and motor symptoms among female 
cases (37.6%).

Discussion
In this study, we described the prevalence of LOMS in EA, 

Iran which was 27.06 (95% CI: 23.69–30.91) per 100 000 
population, including 16.80 (95% CI: 13.22–21.34) 
per 100 000 males and 37.22 (95% CI: 31.72–43.68) per 
100 000 females. Moreover, 217/4905 (4.4%) of MS cases 
in this area were LOMS. The prevalence of LOMS among 
females was higher in every onset age group and also in 
total, such that 69.1% of LOMS cases were females. The 
peak prevalence of disease diagnosis was in the 50-54 
age group. Positive family history was seen in 6.1% of 
patients. Motor symptoms were the most prevalent first 
clinical presentation in total and female cases, but in male 
cases, cerebellar symptoms were the most frequent. Based 
on our findings, there was a gap of diagnosis in about 60% 
of LOMS cases, which was up to 7 years. Timely diagnosis 
was achieved in 40% of the LOMS cases. 

In a study conducted in Canada,7 the number of LOMS 
patients versus all MS patients was 358/5985 (6%) which 
is slightly higher than our findings. In another study 
conducted in Spain,8 the number of LOMS patients versus 
all MS patients was 18/368 (4.8%). Moreover, in another 
study in France,9 the proportion of LOMS was 3.4% (46 
/1417). In our study, this rate was 4.4% which is similar to 

Figure 2. First Symptom of the Disease in Late-Onset Multiple Sclerosis Cases.

Figure 1. Frequencies of Diagnostic Gaps (in Months).
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Figure 2. First Symptom of the Disease in Late-Onset Multiple Sclerosis Cases. 
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these two studies. 
The mean age of patients have been reported at 

55.3 ± 4.45,10 74 ± 4.9,11 53.5 ± 3.1,12 55.1 ± 4.313 in Canada, 
Denmark, Israel, and Iran, respectively. Compared to 
our study, these findings are similar except for the study 
conducted in Denmark which can a point of further 
investigation in future studies in this region. 

In another study of this research project, we found 
the prevalence of MS by the end of 2017 at 75.72 per 
100 000 in the EA province. This study also reported a 
female-to-male ratio of 3:1, so that 74.32% of the cases 
were females. The sex-specific prevalence rate was 38.2 
in men (95% CI: 35.5–41.0), and 114.61 in women (95% 
CI: 109.9–119.4) and the rate of positive family history 
was 13.9% in the mentioned study.14 With a special focus 
on LOMS cases in this study, although there was not a 
considerable difference in terms of female ratio, we found 
a smaller proportion of patients with positive family 
history. The rate of positive family history in other LOMS 
studies ranges from 8.2% in Australia15, and 1.8% in the 
first degree, and 0.4% in the second degree in Sweden.16 
Also, a 12.5% rate of family history in Isfahan17 and 10.1% 
in Kuwait18 have been reported in geographic locations 
similar to our study. Our study showed that 6.1% of cases 
had a positive family history of MS which was lower than 
the mentioned studies. 

A retrospective study in the Isfahan province of Iran 
showed that the proportion of females in all cases was 
70.2%.17 A recent systematic review showed that the 
overall proportion of female cases to all the cases in studies 
with the cut-off of 50 years for LOMS was 64.46%.3 In this 
study, we found out that the proportion of females to all 
cases was 69.1% which is similar to the findings of recent 
studies, but is lower than the 77.35% rate of females in the 
Fars province of Iran.19 In a study by de Campos Lotti et 
al, the female-to-male proportion was reported as 19/10 
(1.9),20 and in a study by Lavandier et al, the proportion of 
females to males was 17/8 (2.12)21; moreover, in a study by 
Cossburn et al, the proportion of females to all cases was 
24/25 (0.96)22 which is higher than our recent findings.

Kis et al noted that the first presentation of LOMS is 
motor symptoms (80% of the cases), followed by sensory 
symptoms (45%), ataxia (25%), oculomotor symptoms 
(5%), and visual disturbance (5%).23 In the article by 
Guillemin et al the first disease presentation was isolated 
long tracts dysfunction (61.6%), isolated brainstem 
dysfunction (6.5%), and isolated optic neuritis (5.7%).24 
However, in another article by D’Amico et al the first 
disease presentation was spinal symptoms (42.7%), 
supratentorial symptoms (38.5%), brainstem/cerebellar 
symptoms (1.4%), and visual symptoms (17.4%).25 A 
systematic review of the clinical features of LOMS reported 
motor symptoms as the most common initial presentation 
of LOMS such that its proportion ranges between 35.4% 
to 100% in different studies. Sensory problems were the 
second most prevalent symptom (range: 5% to 94%) 
and visual symptoms (range: 5% to 22.9%), followed by 

brainstem dysfunction (range: 12.3% to 25%).3 Motor and 
sensory symptoms were the most prevalent first disease 
presentations in the LOMS cases of our study, which is in 
line with the recent findings. 

A meta-analysis of common clinical symptoms found 
fatigue, motor symptoms, and balance dysfunction as 
the most common symptoms in Iranian MS patients.26 
Among Iranian LOMS cases, Mirmosayyeb et al in 
2020, found motor symptoms (38.1%,) and sensory 
disturbances (31.0%) to be the most common symptoms 
in MS patients of Isfahan city.17 Taken together with our 
findings, it seems that there is a difference between the 
first clinical symptoms of adult-onset and LOMS. 

In conclusion, LOMS is not rare in northwestern Iran. 
With a considerable gap of diagnosis which is (on the 
average) 8.73 months, health professionals should take 
into consideration the symptoms in the elderly. Increasing 
knowledge in the diagnosis of MS, better access to MRI, 
revisions of diagnostic criteria, and increasing awareness 
of the disease in the general population lead to early 
diagnosis and rising disease prevalence. Lack of reliable 
data regarding the type, duration, and severity of MS 
based on the expanded disability status scale, were the 
limitations of this study, which can be addressed in future 
investigations. 

Authors’ Contribution
Conceptualization: Ali Fahidi, Mahnaz Talebi. 
Data curation: Ehsan Nasiri, Amirreza Naseri, Pouya 
Abbasgholizadeh, Ali Fahidi.
Formal Analysis: Amirreza Naseri, Mahnaz Talebi. 
Funding acquisition: Ali Fahidi, Mahnaz Talebi. 
Investigation: Ehsan Nasiri, Mahnaz Talebi. 
Methodology: Mahnaz Talebi. 
Project administration: Mahnaz Talebi. 
Resources: Mahnaz Talebi. 
Supervision: Mahnaz Talebi. 
Validation: Mahnaz Talebi, Ehsan Nasiri. 
Visualization: Amirreza Naseri, Pouya Abbasgholizadeh. 
Writing – original draft: Ehsan Nasiri. 
Writing – review and editing: Mahnaz Talebi, Amirreza Naseri.  

Competing Interests 
None declared.

Ethical Approval
The study protocol was approved by the Ethics Committee of 
Tabriz University of Medical Sciences (TUOMS) according to the 
Declaration of Helsinki (Ethics Code: IR.TBZMED.REC.1398.455). 

Funding 
None. 

References
1. Dobson R, Giovannoni G. Multiple sclerosis-a review. Eur J 

Neurol. 2019;26(1):27-40. doi: 10.1111/ene.13819.
2. Hunter SF. Overview and diagnosis of multiple sclerosis. Am J 

Manag Care. 2016;22(6 Suppl):s141-50. 
3. Naseri A, Nasiri E, Sahraian MA, Daneshvar S, Talebi 

M. Clinical features of late-onset multiple sclerosis: a 
systematic review and meta-analysis. Mult Scler Relat Disord. 
2021;50:102816. doi: 10.1016/j.msard.2021.102816.

4. Narimatsu K, Freitas L, Mendes N, Lopes R, Silva L, 

https://doi.org/10.1111/ene.13819
https://doi.org/10.1016/j.msard.2021.102816


                                                                                                           Arch Iran Med, Volume 25, Issue 11, November 2022 729

Late Onset Multiple Sclerosis in East-Azerbaijan

 2022 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Albuquerque T, et al. Late Onset Multiple Sclerosis: An 
Epidemiologic Study from the First Brazilian MS Center 
(4625). AAN Enterprises; 2020.

5. Conforti R, Capasso R, Galasso R, Cirillo M, Taglialatela G, 
Galasso L. A challenging diagnosis of late-onset tumefactive 
multiple sclerosis associated to cervicodorsal syringomyelia: 
doubtful CT, MRI, and bioptic findings: case report and 
literature review. Medicine (Baltimore). 2016;95(36):e4585. 
doi: 10.1097/md.0000000000004585. 

6. Marrie RA, Horwitz R, Cutter G, Tyry T, Campagnolo D, 
Vollmer T. Comorbidity delays diagnosis and increases 
disability at diagnosis in MS. Neurology. 2009;72(2):117-24. 
doi: 10.1212/01.wnl.0000333252.78173.5f. 

7. Shirani A, Zhao Y, Petkau J, Gustafson P, Karim ME, Evans 
C, et al. Multiple sclerosis in older adults: the clinical profile 
and impact of interferon beta treatment. Biomed Res Int. 
2015;2015:451912. doi: 10.1155/2015/451912. 

8. Arias M, Dapena D, Arias-Rivas S, Costa E, López A, 
Prieto JM, et al. Late onset multiple sclerosis. Neurologia. 
2011;26(5):291-6. doi: 10.1016/j.nrl.2010.09.008.

9. de Seze J, Delalande S, Michelin E, Gauvrit JY, Mackowiak 
MA, Ferriby D, et al. Brain MRI in late-onset multiple sclerosis. 
Eur J Neurol. 2005;12(4):241-4. doi: 10.1111/j.1468-
1331.2004.01103.x. 

10. Tremlett H, Devonshire V. Is late-onset multiple sclerosis 
associated with a worse outcome? Neurology. 2006;67(6):954-
9. doi: 10.1212/01.wnl.0000237475.01655.9d.

11. Pommerich UM, Nielsen R, Overvad K, Dahm CC, Tjønneland 
A, Olsen A, et al. Diet quality is not associated with late-onset 
multiple sclerosis risk-a Danish Cohort Study. Mult Scler Relat 
Disord. 2020;40:101968. doi: 10.1016/j.msard.2020.101968. 

12. Polliack ML, Barak Y, Achiron A. Late-onset multiple sclerosis. 
J Am Geriatr Soc. 2001;49(2):168-71. doi: 10.1046/j.1532-
5415.2001.49038.x.

13. Etemadifar M, Abtahi SH, Minagar A, Akbari M, Masaeli A, 
Tabrizi N. Late-onset multiple sclerosis in Isfahan, Iran. Arch 
Iran Med. 2012;15(10):596-8.

14. Talebi M, Sadigh-Eteghad S, Sahraian MA, Fahidi A. Age and 
sex adjusted prevalence and annual incidence of multiple 
sclerosis in East-Azerbaijan, Iran. Mult Scler Relat Disord. 
2021;50:102839. doi: 10.1016/j.msard.2021.102839. 

15. Qiu W, Wu JS, Castley A, James I, Joseph J, Christiansen FT, 
et al. Clinical profile and HLA-DRB1 genotype of late onset 
multiple sclerosis in Western Australia. J Clin Neurosci. 
2010;17(8):1009-13. doi: 10.1016/j.jocn.2009.12.011.

16. Song J, Westerlind H, McKay KA, Almqvist C, Stridh P, Kockum 
I, et al. Familial risk of early- and late-onset multiple sclerosis: 

a Swedish nationwide study. J Neurol. 2019;266(2):481-6. 
doi: 10.1007/s00415-018-9163-6. 

17. Mirmosayyeb O, Brand S, Barzegar M, Afshari-Safavi A, 
Nehzat N, Shaygannejad V, et al. Clinical characteristics 
and disability progression of early- and late-onset multiple 
sclerosis compared to adult-onset multiple sclerosis. J Clin 
Med. 2020;9(5):1326. doi: 10.3390/jcm9051326.

18. Alroughani R, Akhtar S, Ahmed S, Behbehani R, Al-Hashel 
J. Is time to reach EDSS 6.0 faster in patients with late-
onset versus young-onset multiple sclerosis? PLoS One. 
2016;11(11):e0165846. doi: 10.1371/journal.pone.0165846.

19. Izadi S, Sharifian M, Nikseresht A, Rafiee S. Prevalence of late-
onset multiple sclerosis in Fars province, Southern Iran. Galen 
Med J. 2014;3(4):228-31. doi: 10.31661/gmj.v3i4.145.

20. de Campos Lotti CB, Oliveira ASB, Bichuetti DB, de Castro 
I, Oliveira EML. Late onset multiple sclerosis: concerns in 
aging patients. Arq Neuropsiquiatr. 2017;75(7):451-6. doi: 
10.1590/0004-282x20170070.

21. Lavandier N, Bonnan M, Carra-Dallière C, Charif M, Labauge 
P, Camdessanche JP, et al. First clinical inflammatory 
demyelinating events of the central nervous system in 
a population aged over 70 years: a multicentre study. 
Mult Scler Relat Disord. 2019;28:309-12. doi: 10.1016/j.
msard.2018.12.016.

22. Cossburn M, Ingram G, Hirst C, Ben-Shlomo Y, Pickersgill 
TP, Robertson NP. Age at onset as a determinant of 
presenting phenotype and initial relapse recovery in 
multiple sclerosis. Mult Scler. 2012;18(1):45-54. doi: 
10.1177/1352458511417479.

23. Kis B, Rumberg B, Berlit P. Clinical characteristics of patients 
with late-onset multiple sclerosis. J Neurol. 2008;255(5):697-
702. doi:10.1007/s00415-008-0778-x.

24. Guillemin F, Baumann C, Epstein J, Kerschen P, Garot T, 
Mathey G, et al. Older age at multiple sclerosis onset is an 
independent factor of poor prognosis: a population-based 
cohort study. Neuroepidemiology. 2017;48(3-4):179-87. doi: 
10.1159/000479516. 

25. D’Amico E, Patti F, Zanghì A, Chisari CG, Lo Fermo S, Zappia 
M. Late-onset and young-onset relapsing-remitting multiple 
sclerosis: evidence from a retrospective long-term follow-
up study. Eur J Neurol. 2018;25(12):1425-31. doi: 10.1111/
ene.13745.

26. Kheradmand M, Afshari M, Nasehi MM, Aghaei I, Shabani M, 
Farshidi F, et al. Prevalence of subtypes of multiple sclerosis 
and the most common clinical symptoms in Iranian patients: 
a meta-analysis. Clin Exp Neuroimmunol. 2019;10(1):33-40. 
doi: 10.1111/cen3.12489.

https://doi.org/10.1097/md.0000000000004585
https://doi.org/10.1212/01.wnl.0000333252.78173.5f
https://doi.org/10.1155/2015/451912
https://doi.org/10.1016/j.nrl.2010.09.008
https://doi.org/10.1111/j.1468-1331.2004.01103.x
https://doi.org/10.1111/j.1468-1331.2004.01103.x
https://doi.org/10.1212/01.wnl.0000237475.01655.9d
https://doi.org/10.1016/j.msard.2020.101968
https://doi.org/10.1046/j.1532-5415.2001.49038.x
https://doi.org/10.1046/j.1532-5415.2001.49038.x
https://doi.org/10.1016/j.msard.2021.102839
https://doi.org/10.1016/j.jocn.2009.12.011
https://doi.org/10.1007/s00415-018-9163-6
https://doi.org/10.3390/jcm9051326
https://doi.org/10.1371/journal.pone.0165846
https://doi.org/10.31661/gmj.v3i4.145
https://doi.org/10.1590/0004-282x20170070
https://doi.org/10.1016/j.msard.2018.12.016
https://doi.org/10.1016/j.msard.2018.12.016
https://doi.org/10.1177/1352458511417479
https://doi.org/10.1007/s00415-008-0778-x
https://doi.org/10.1159/000479516
https://doi.org/10.1111/ene.13745
https://doi.org/10.1111/ene.13745
https://doi.org/10.1111/cen3.12489

