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Air pollution, a possible risk factor for multiple sclerosis
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to determine MS prevalence in a city home to an iron and steel factory which
causes air pollution.
Methods: The study was designed as a cross-sectional, population-based, descrip-

tive epidemiologic study. Eregli city, which has an iron and steel factory and proven
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air pollution, was screened. Additionally, Devrek city, which is a rural and clean city,
located 40 km away from Eregli was assigned and results were compared. A validated
questionnaire was used for screening. McDonald 2010 criteria were used to diagnose
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Results: 32 261 people were screened in Eregli, and 21 963 people were screened in
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Devrek. In total, 41 patients were diagnosed with clinical definite MS. Crude preva-
lence was found to be 96.1/100 000 in Eregli and 45.5/100 000 in Devrek. The mean
age of patients was 39.8, and the female/male ratio was 1.9.

Conclusion: The results of this study indicate a more than double MS prevalence rate
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in the area home to an iron and steel factory when compared to the rural city. This

supports the hypothesis that air pollution may be a possible etiological factor in MS.
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1 | INTRODUCTION

greater exposure to pollution was more common in cases than in

controls.*

Multiple Sclerosis (MS) is a chronic disease of the central nervous
system (CNS) characterized by inflammation and neurodegenera-
tion. MS is the leading cause of serious neural disability in young
adults. Although various studies of the environmental risk factors
suggest a link between exposure to environmental factors and MS,
there is still much that remains unknown. Possible environmental
factors in MS include infection agents, low exposure to sunlight, vi-
tamin D deficiency, exposure to chemical substances, air pollution,
smoking, and socioeconomic factors.>? Evidence suggesting a link
between ambient air pollution and MS is limited. Oikenen et al® re-
corded a direct relationship between the frequency of MS relapses

and airborne particulate matter. A study from Iran observed that

Studies carried out on MS epidemiology in Turkey indicate that
the prevalence of MS is changing in variety according to cities char-
acteristics.”” An epidemiological study conducted in Karablk city,
which has proven air pollution and is home to an iron and steel fac-
tory, highlighted almost a twofold prevalence when compared to
other cities.® On the other hand, another study showed the lowest
ever national MS prevalence recorded, which was in Artvin city, the
cleanest city in Turkey.®

In light of these studies, we aimed to assess the prevalence of
Eregli city which also has an iron and steel factory as well as proven
air pollution and to compare the results with a control population in

neighboring Devrek city, a city without any air pollution.
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2 | MATERIAL AND METHODS

This study was designed as a cross-sectional descriptive epidemio-
logical door-to-door field study. The study was carried out over a
5-month period between May 2018 and October 2018.

2.1 | Ethical approval

The study was approved by the Local Ethics Committee at Dr
Latfi Kirdar Kartal Training and Research Hospital (Approval No:
2017/514/106/1).

2.2 | Characteristics of screening areas

Karadeniz Eregli is located in the north east Black Sea region con-
nected to Zonguldak city. It is located at latitude 41.17°N and lon-
gitude 31.24°E. Its surface area is 782 km?, and it is located at 5 m
above sea level. It has a 120 km coast line along the Karadeniz
Eregli borders. 65% of the city is covered in trees. The climate is
warm and wet. The average annual temperature is 13.5°C, and
average annual rainfall is 1048 mm. The population consists of
homogeneous Turkish people. According to the 2016 census, the
population is 115 987.7 The population originates from the Cepni
branch of the Oguz tribe. There are two state hospitals which have
a capacity of 700 beds. There are also two private hospitals and
clinics located in the city center. There are approximately 100
medical doctors. It is easy to access a neurologist and MRI de-
vices. There are many rich coal mines and an iron and steel factory
which is located in the city center which has been in operation
since 1961. There are an additional 15 industrial establishments.
The main sources of income are mining and industry as well as
forestry, fishing, and farming.*® Air pollution records from 2012 to
2017 are shown in Table 1. According to this figure, air pollution
exists in Eregli.**

Devrek is a small city neighboring Eregli in the Zonguldak prov-
ince. The distance between Eregli and Devrek is 40 km. It is located
at latitude 41.22°N and longitude 31.95°E. It is 100 m above sea
level, and it is 32 km from the sea. The geographical and climate

conditions are almost identical to those of Eregli. The main sources

Air pollutants 2012 2013 2014 2015 2016
Eregli
PM,, (ng/m3) 497 293 218 350 309
SO, (ng/m3) 225 139 93 221 104
NO, (ug/m3) 156 1108 194 247 243
Devrek
PM,, (ng/m3) <20 <20 <20 <20 <20
SO, (ug/m3) <20 <20 <20 <20 <20
NO, (ug/m3) <40 <40 <40 <40 <40

of income include agriculture, forestry, and carpentry. Its racial, eco-
nomic, and cultural characteristics are almost identical to Eregli's.
According to the 2016 census, the population is 24 215.7 Unlike
Eregli, Devrek is not home to a factory; therefore, it has a low num-
ber of laborers. There is one state hospital which has a capacity of
136 beds. There are also two private hospitals and clinics located
in the city center. There are approximately 50 medical doctors. It is
easy to access a neurologist and MRI devices.!? There are no fac-
tories which can cause air pollution. Areas which have been mea-
sured and have proven air pollution are provided with a permanent
air pollution observational station. According to the mobile national
air monitoring network stations, Devrek has not been reported to
have air pollution (pollutant levels: PM,, < 20 pg/m3, SO, < 20 pg/
m3v NO, < 40 pg/m3). Thus, a permanent station has not been estab-

lished in Devrek unlike Eregli.!!

2.3 | Study area and participants

The Eregli study area was determined based on the location of the
iron and steel factory. Firstly, the iron and steel factory was marked
as the center of the study area. A 2 km radius chamber was drawn
with the factory at its center. The Eregli study area is shown in Figure
S1. The population living inside the 4 km study area is approximately
35 000 people. All households inside this semicircular area were tar-
geted for screening.

The Devrek study area consisted of the entire district. All house-
holds in the district and the entire population of Devrek (24 215 peo-
ple) were targeted for the screening. The locations of Devrek and
Eregli cities on the Black Sea and Turkey maps are shown in Figures
1and 2.

2.4 | Screening forms

We used the validated screening forms that we had used in our
prevalence study conducted in Maltepe, Istanbul in 2002.1% The
questionnaires consisted of 26 questions in two sections. The first
section assessed knowledge about MS and the second addressed
MS symptoms. The questions enquired about the presence of pre-

sent and past symptoms, motor and sensory dysfunction, walking

TABLE 1 Air pollutant values of Eregli

2017 L) and Devrek by year and WHO threshold
values
197 20
86 20
119 40
<20 20
<20 20
<40 40
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FIGURE 2 Locations of Devrek and Eregli Cities on Turkey Map

ability, sphincter control, sleep, balance disturbances, ataxia, depres-
sion, increased fatigability, and memory disturbances.

2.5 | Study procedure

In order to increase public participation, we worked together with
the Eregli and Devrek Public Health Centers. All participants were
briefed on the study at the local health center with the aid of a bro-
chure. Starting from 15 days prior to the start of the study, the local
council made regular announcements regarding the study.

Teams were assembled 1 week prior to the start of the study.
Five teams consisting of five persons (a neurologist, a nurse, and
three medical students per team) were grouped together in order to
obtain reliable and precise data with the correct provisional diagno-
sis. The teams were informed about the screening and the symptoms
of MS over a 5-day period. The location of the screening was divided

into five areas and designated to each team.

KARADENIZ BOLGESININ DILSIZ HARITASI

cografyaharita.com

All houses to be visited were determined in advance, and in cases
where no one was home, the same house was revisited later, up to
three times if necessary. The teams conducted their visits between
09:30 a.m. and 4:30 pm both on weekdays and weekends. If a patient
had communication difficulties, a person responsible for their care
was interviewed in their place.

The field study was divided into two sections. The first section
asked questions directly to the participants, and answers were writ-
ten down. Participants who answered yes to at least one question
about MS symptoms were examined by the team neurologist on site.

In the second section, patients suspected of having MS were

called back and re-examined by the first author of the study.

2.6 | Case ascertainment

Once examination was completed, all previous medical records in-

cluding MRI findings and immunologic examinations were reviewed
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and recorded. McDonald 2010 criteria were used in the diagnosis of
MS.* Neurological disease severity was assessed using the Kurtzke's
Expanded Disability State Score (EDSS).1®

2.7 | Statistical analyses

Statistical analyses were performed using PASW Statistics 18.0
software. Frequency distribution, percentage, mean, and standard
deviation were calculated where appropriate. Minitab statistical
software (version 16, SPSS Inc) was used for calculating the Poisson

confidence intervals and comparing prevalence rates.

3 | RESULTS
3.1 | Eregli's findings

In total, 33 794 people were reached in Eregli, 1533 refused
to take part in the study. 32 261 persons were screened.
Participation was 95.4%. Out of this number, 43 people were
suspected of having MS and were called back to be re-examined
and their medical records were also reviewed. 31 persons were
diagnosed with clinical definitive multiple sclerosis (CDMS). Of
these, 25 had RRMS. 5 had SPMS, 1 had PPMS. 19 were female,
12 were male. The mean duration of disease was 12 + 9 years.
The mean EDSS was 3.1 + 2.1. Family history was present in three
patients. Out of the twelve remaining persons, one was diagnosed
with spinocerebellar ataxia, one with Duchenne muscular dystro-
phy, four with stroke, two with diabetic polyneuropathy, two with
lumbar disk herniation, and one with ALS. A 17-year-old girl had
suffered an optic neuritis attack. Her neurological examination
was normal. Laboratory findings including cranial and spinal MRI
and CSF findings were normal. She was diagnosed with clinical
isolated syndrome.

The crude MS prevalence of Eregli was found to be 96.1/100 000.
After age standardization to the Turkish population (2018 census), it
was found to be 97.4/100 000.

3.2 | Devrek's findings

24 016 people were reached. 2053 refused to take part in the study.
In total, 21 963 persons were screened in Devrek. The participa-
tion rate was 91.4%. In total, 17 persons were suspected of having
MS and were called back for a second examination. 10 persons were
diagnosed with CDMS. Of these, 8 had RRMS and two had SPMS.
8 were female, and 2 were male. The mean duration of disease was
13.7 £ 8.5 years. The mean EDSS was 4.4 + 2.8. One patient had
family history.

Out of the remaining seven persons, 2 were diagnosed with
stroke, 2 with diabetic polyneuropathy, 1 with Parkinson's disease, 1

with a brain tumor, and 1 with sequelae of meningitis.

TABLE 2 Demographic characteristics, initial symptoms, and
laboratory findings of the patients

Characteristics

Number of cases 41
Female/male 1.9
Age, y, mean + SD 39.8+11.7
Duration of disease onset, y, mean + SD 124 +8.9
EDSS, mean £ SD 3.8+23
DMDs treatment 34
Total attacks, mean + SD 6.2+3.5
Initial symptoms
Pyramidal, n (%) 9(21.9)
Cerebellar, n (%) 6 (14.6)
Brainstem, n (%) 7(17.1)
Sensorial, n (%) 8(19.5)
Visual, n (%) 11 (26.8)
Laboratory findings positivity
Brain MRI, n 41/41
Spinal MRI, n 23/34
CSFOCB, n 28/33
Aquaporin-4, n 0/19

Abbreviations: CSF, cerebrospinal fluid; DMDs, disease-modifying
drugs; EDSS, Expanded Disability Status Scale; MRI, magnetic
resonance imaging; OCB, oligoclonal band; SD, standard deviation.

The crude prevalence was found to be 45.5/100 000. After
age standardization to the Turkish population (2018 census), it was
found to be 47.2/100 000.

3.3 | Summation

The results of MS patients from both cities are summarized in the
tables respectively. Demographic and clinical characteristics, the
initial symptoms, and laboratory findings of patients are shown in
Table 2. Age-standardized prevalence is shown in Table 3.

4 | DISCUSSION

The results of this study recorded a significantly high MS prevalence
of 96.1/100 000 in Eregli which is home to an iron and steel factory,
and a much lower MS prevalence of 45.5/100 000 in Devrek which
is a neighboring city of Eregli.

When we compare the two areas, their geographical, racial,
social, and cultural characteristics are very similar. A possible ex-
planation for such a high prevalence may be due to environmen-
tal factors. A previous study carried out in Karabik in Turkey,
which is also home to an iron and steel factory and has proven
air pollution, supports this claim. The prevalence was found to be
95.9/100 000.°
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TABLE 3 Age-standardized prevalence of Eregli and Devrek

Age group

Study data
0-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80+
Total

Age group

0-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80+
Total

Eregli

Devrek

Age-specific prevalence

TABLE 4 Air pollutants levels of Istanbul

Air pollutants
PM,, (ng/m3)

Case number Population (/100.000)
4399 0
0 4757 0
11 4206 261.5
9 5323 169.1
7 4942 141.6
2 3983 50.2
2 2838 70.5
0 1247 0
0 566 0
31 32261 96.1
Eregli
Age-specific
Population Estimated case prevalence
(Turkey) numbers (/100 000)
Estimated case numbers for 2018 Turkey population
12 822 618 0 0
12 737 457 0 0
12 688 052 33179 261.5
12 857 620 21742 169.1
10795 973 15 287 141.6
8 642182 4338 50.2
5883 142 4148 70.5
2986 452 0 0
1397029 0 0
80810 525 78 694 97.4
2012 2013 2014
186 281 177
36 17 8

SO, (pg/m3)

Abbreviations: WHO, World Health Organisation threshold values.

TABLE 5 Results of studies from different Turkish cities

Areas
istanbul®®
Geyve®
Kandira®
Erbaa®
Karabiik®

Akcakoca®

Years
2002
2006
2006
2006
2014
2014

Screened
population (n)
32531

17 016

8171

28 177
28127

12 992

Crude
prevalence
(/100 000)

101.4
41

Age-specific prevalence

Case number Population (/100.000)

0 2041 0

1 2437 41

0 2363 0

3 2973 100.1

4 2835 1411

2 3590 55.8

0 3229 0

0 1723 0

0 772 0

10 21963 45.5

Devrek

Age-specific

Population Estimated case prevalence

(Turkey) numbers (/100 000)

12 822 618 0 0

12 737 457 5222 41

12 688 052 0 0

12 857 620 12 870 100.1

10795 973 15 233 141.1

8642182 4822 55.8

5883 142 0 0

2986 452 0 0

1397029 0 0

80810525 38147 47.2
2015 2016 2017 WHO
419 625 82 20
17 11 15 20

Another study from Maltepe, istanbul, conducted in 2002

recorded the highest national prevalence (101.4/100 000)
to date.r® Istanbul is also a megacity, home to more than
15 000 000 people with a high urbanization rate, high levels
of air pollution, traffic, artificial lighting, and noise pollution.
The PM,, levels are 4-30 times above the WHO threshold.™

Pollutant levels are shown in Table 4. The lowest national MS
prevalence 18.8/100 000 was found in Artvin which is the

cleanest city in Turkey according to the national air observation

61
53
95.9
46.1

are summarized in Table 5.

center.'! Results of the studies on MS epidemiology in Turkey
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When we analyze the epidemiologic studies from Turkey, it can
be seen that the highest prevalence rates of MS are from the most
air-polluted cities.

The relationship between air pollution and MS has been sug-
gested in a number of studies. A study recorded a significant link
between the clustering of MS patients and concentration patterns
of PM,,, SO,, NO, in Tehran.* USA, French, and Italian studies have
suggested a relationship between exposure to air pollution and the
occurrence of MS relapses and hospitalization.!'® Dehghani et al'?
showed that the prevalence in various Iranian provinces was directly
linked to its urbanization and that provinces with a higher urbaniza-
tion rate had a higher MS prevalence.

Basically, air pollution can affect the brain in two pathways.
Firstly, by direct pathways where pollutants reach the brain injure
parenchyma. Secondly, air pollution-induced effects in the periphery
impact the brain indirectly. It has been established that pro-inflam-
matory signals, which originate in tissues and organs including the
lungs, liver, circulating immune cells, and the cardiovascular systems
which are peripheral to CNS, are caused by urban air pollution and
this often results in circulation cytokine response which can then
activate microglia transferring inflammation to the brain.2%-24

In addition, in vitro studies with human airway epithelial cells
show that exposure to PM,, particles activates pro-inflamma-
tory genes in a process mediated by free radical/oxidative stress

mechanisms.?>?’

4.1 | Limitations of the study

The major limitation of this study is its small study population and case
number. Another limitation of the study is that we did not investigate
other cofounder factors such as Vit D level, infections agents, vac-
cinations, smoking, and exposure to sunlight. Additionally, applying
McDonald criteria may be inadequate in differentiating between MS
mimics. Another limitation is that we did not compare the degree of
air pollution with the onset of MS. Information is lacking about the
duration of the residency of affected individuals in the high-risk area.

4.2 | Strengths of the study

A strength of the study is that it was carried out by a neurologist and
a local nurse on site. All participants suspected of having MS were
examined on site by the neurologist. All their medical records were
reviewed by the neurologist, and their results were recorded. At the
end of the study, all patients that were called back were re-examined

by an experienced neurologist (UTB).

5 | CONCLUSION

The results of this study suggest that air pollution may be an eti-

ological factor in MS. More case-control studies investigating

environmental effects on MS are needed in order to shed more light
on this area.

ACKNOWLEDGEMENTS

We thank our colleagues from Eregli and Devrek who provided insight
and expertize that greatly assisted our research. We thank Jessica
Wells for assistance with proofreading reading and language editing.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest regarding the

publication of this paper.

AUTHOR CONTRIBUTIONS
All authors contributed to study design, writing the paper, and its re-

vision. CB and MT were responsible for data collection and analysis.

DATA AVAILABILITY STATEMENT
The data that supports the findings of this study are available on
request from the corresponding author CB.

ORCID
Cem Baliik https://orcid.org/0000-0003-0125-7660
REFERENCES

1. Ascherio A, Munger KL. Environmental risk factors for multiple scle-
rosis. Part I: the role of infection. Ann Neurol. 2007;61(4):288-299.

2. Ascherio A, Munger KL. Environmental risk factors for multiple scle-
rosis. Part Il: noninfectious factors. Ann Neurol. 2007;61(6):504-513.

3. Oikonen M, Laaksonen M, Laippala P, et al. Ambient air quality
and occurrence of multiple sclerosis relapse. Neuroepidemiology.
2003;22(1):95-99.

4. Heydarpour P, Amini H, Khoshkish S, et al. Potential impact of air
pollution on multiple sclerosis in Tehran, Iran. Neuroepidemiology.
2014;43(3-4):233-238.

5. Bort UT, Tasdemir M, Giler N, et al. Prevalence of multiple scle-
rosis: door-to-door survey in three rural areas of coastal Black Sea
regions of Turkey. Neuroepidemiology. 2011;37(3-4):231-235.

6. Celik Y, Birgili O, Kiyat A, et al. Prevalence of multiple sclero-
sis in the metropolitan area of Edirne City, Turkey. Balkan Med J.
2011;28:193-196.

7. Akdemir N, Terzi M, Arslan N, et al. Prevalence of multiple sclerosis
in the middle black Sea Region of Turkey and demographic charac-
teristics of patients. Noro Psikiyatr Ars. 2017;54(1):11-14.

8. Borii UT, Bilgic AB, Késeoglu Toksoy C, et al. Prevalence of multiple
sclerosis in a Turkish City bordering an iron and steel factory. J Clin
Neurol. 2018;14(2):234-241.

9. Turkiye Istatistik Kurumu (TR). Statistical indications. [Internet].
Ankara: Turkish Statistical Institute; 2017. [cited 2016 May 17]. https
://biruni.tuik.gov.tr/gosterge/?locale=tr. Accessed February 18, 2019.

10. Eregli Belediyesi (TR). Online city information. [internet]. Karadeniz
Eregli Municipality; 2017. [cited 2017 Sep 15]. http://www.kdzeregli.
bel.tr/index.php/k2/demografik-yap. Accessed February 18, 2019.

11. T.C. Cevre ve Sehircilik Bakanligi. Ulusal Hava Kalitesi izleme
istasyonlari official web site. [Internet]. Ankara: National Air
Pollution Monitoring Network System; 2017. [cited 2017 Sep 15].
www.havaizleme.gov.tr. Accessed February 18, 2019.

12. Devrek Belediyesi (TR). Online city information. [internet]. Devrek
Municipality; 2017. [cited 2017 Sep 15]. http://www.devrek.bel.tr/
devrek/ilcemiz/hakkimizda.html. Accessed February 18, 2019.


https://orcid.org/0000-0003-0125-7660
https://orcid.org/0000-0003-0125-7660
https://biruni.tuik.gov.tr/gosterge/?locale=tr
https://biruni.tuik.gov.tr/gosterge/?locale=tr
http://www.kdzeregli.bel.tr/index.php/k2/demografik-yap
http://www.kdzeregli.bel.tr/index.php/k2/demografik-yap
http://www.havaizleme.gov.tr
http://www.devrek.bel.tr/devrek/ilcemiz/hakkimizda.html
http://www.devrek.bel.tr/devrek/ilcemiz/hakkimizda.html

TURK BORU €T AL.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Borii UT, Alp R, Sur H, Giil L. Prevalence of multiple sclerosis door-
to-door survey in Maltepe, Istanbul, Turkey. Neuroepidemiology.
2006;27(1):17-21.

Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann
Neurol. 2011;69:292-302.

Kurtzke JF. Disability rating scales in multiple sclerosis. Ann NY
Acad Sci. 1984;436:347-360.

Angelici L, Piola M, Cavalleri T, et al. Effects of particulate matter
exposure on multiple sclerosis hospital admission in Lombardy re-
gion, Italy. Environ Res. 2016;145:68-73.

Palacios N, Munger KL, Fitzgerald KC, et al. Exposure to particulate
matter air pollution and risk of multiple sclerosis in two large co-
horts of US nurses. Environ Int. 2017;109:64-72.

Roux J, Bard D, Le Pabic E, et al. Air pollution by particulate mat-
ter PM10 may trigger multiple sclerosis relapses. Environ Res.
2017;156:404-410.

Dehghani R, Yunesian M, Sahraian MA, Gilasi HR, Kazemi MV. The
evaluation of multiple sclerosis dispersal in Iran and its associa-
tion with urbanization, life style and industry. Iran J Public Health.
2015;44(6):830-838.

Block ML, Calderon-Garciduenas L. Air pollution: mecha-
nisms of neuroinflammation and CNS disease. Trends Neurosci.
2009;32(9):506-516.

Tamagawa E, van Eeden SF. Impaired lung function and risk
for stroke: role of the systemic inflammation response? Chest.
2006;130(6):1631-1633.

Calderon-Garciduenas L, Villarreal-Calderon R, Valencia-Salazar
G, et al. Systemic inflammation, endothelial dysfunction, and acti-
vation in clinically healthy children exposed to air pollutants. Inhal
Toxicol. 2008;20(5):499-506.

Steenhof M, Janssen NA, Strak M, et al. Air pollution exposure af-
fects circulating white blood cell counts in healthy subjects: the
role of particle composition, oxidative potential and gaseous pollut-
ants—the RAPTES project. Inhal Toxicol. 2014;26(3):141-165.

24,

25.

26.

27.

Calderon-Garciduenas L, Cross JV, Franco-Lira M, et al. Brain im-
mune interactions and air pollution: macrophage inhibitory factor
(MIF), prion cellular protein (PrP(C)), interleukin-6 (IL-6), interleukin
1 receptor antagonist (IL-1Ra), and interleukin-2 (IL-2) in cerebrospi-
nal fluid and MIF in serum differentiate urban children exposed to
severe vs. low air pollution. Front Neurosci. 2013;7:183.

Gilmour PS, Rahman I, Hayashi S, Hogg JC, Donaldson K, MacNee
W. Adenoviral E1A primes alveolar epithelial cells to PM10-induced
transcription of interleukin-8. Am J Physiol Lung Cell Mol Physiol.
2001;281(3):L598-L606.

Marano F, Boland S, Bonvallot V, Baulig A, Baeza-Squiban A. Human
airway epithelial cells in culture for studying the molecular mech-
anisms of the inflammatory response triggered by diesel exhaust
particles. Cell Biol Toxicol. 2002;18(5):315-320.

Gilmour PS, Rahman I, Donaldson K, MacNee W. Histone acetyla-
tion regulates epithelial I1L-8 release mediated by oxidative stress
from environmental particles. Am J Physiol Lung Cell Mol Physiol.
2003;284(3):L533-L540.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Tiirk Bérii U, Béliik C, Tasdemir M,
Gezer T, Serim VA. Air pollution, a possible risk factor for
multiple sclerosis. Acta Neurol Scand. 2020;141:431-437.
https://doi.org/10.1111/ane.13223



https://doi.org/10.1111/ane.13223

