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Abstract
Objective: Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system that principally affects young adults. Recent studies from
different parts of the world have shown that the incidence and prevalence of MS is increasing each year. No data are available on this subject for Turkey. With this
study, we aimed to evaluate the 10-year trend of MS prevalence in two rural cities of Turkey for the first time.
Materials and Methods: The study was designed as a cross-sectional, community-based, descriptive epidemiologic study. Geyve and Kandıra districts were
screened using a validated questionnaire between 2016-2017. During the field study, all suspected participants were invited to a public health center for reexamination along with their laboratory and imaging findings. Local state hospitals were used to complete this process if required and diagnosis was then
confirmed. The revised McDonald 2010 criteria were used in diagnosing MS. Results were compared with a previous study that was conducted 10 years prior by
the same team using an identical methodology.
Results: Seventeen thousand one hundred people were screened in Geyve and 12,120 people were screened in Kandıra. Ten people were diagnosed as having MS in
Geyve and four were diagnosed in Kandıra. The total prevalence was found as 47.9/100,000. The female/male ratio was 2.5. Nine patients had relapsing remitting
MS, four had secondary progressive MS, and one patient had primary progressive MS. When compared with the previous study, the age-standardized prevalence
was not statistically different (49.6/100,000; 48.5/100,000 p=0.955).
Conclusion: The results of this study indicate that the prevalence of MS is not increasing in two rural cities in Turkey.
Keywords: Population-based study, epidemiology, multiple sclerosis, prevalence, rural cities, Turkey

Öz
Amaç: Multipl skleroz (MS), merkezi sinir sisteminin özellikle genç erişkinleri etkileyen, kronik, demiyelinizan bir hastalığıdır. Dünyanın çeşitli bölgelerinde
yapılan güncel çalışmalar, MS insidans ve prevalansının yıllar içerisinde artığını göstermektedir. Türkiye’de ise bu konuda veri bulunmamaktadır. Bu çalışma ile
Türkiye’nin iki kırsal şehrinde ilk defa MS prevalansının 10 yıl içerisindeki değişimini incelemeyi amaçladık.
Gereç ve Yöntem: Bu çalışma kesitsel, toplum-bazlı, tanımlayıcı bir epidemiyolojik çalışma olarak tasarlandı. Geyve ve Kandıra ilçeleri, daha önce validasyonu
yapılmış olan tarama formu kullanılarak 2016-2017 yılları arasında tarandı. Saha taraması sırasında şüphelenilen katılımcılar, laboratuvar ve görüntüleme
bulgularıyla birlikte yeniden muayene edilmek üzere toplum sağlığı merkezine davet edildi. İhtiyaç durumunda, tıbbi eksiklikleri tamamlamak için ilçe devlet
hastaneleri kullanıldı ve tanı son aşamada teyit edildi. MS tanısı için revize McDonald 2010 tanı kriterleri kullanıldı. Sonuçlar 10 yıl önce aynı takım tarafından
aynı metodoloji kullanılarak yapılan tarama sonuçlarıyla karşılaştırıldı.
Bulgular: Geyve’de 17.100, Kandıra 12.120 kişi tarandı. Geyve’de 10 kişiye MS tanısı konulurken Kandıra’da 4 kişiye MS tanısı konuldu. Toplam kaba
prevalans 47,9/100.000 olarak bulundu. Kadın/erkek oranı 2,5 idi. Hastalardan 9’unda yineleyici ataklarla seyreden MS, 4’ünde sekonder ilerleyici MS, 1’inde
primer ilerleyici MS bulunmaktaydı. Önceki çalışmayla karşılaştırıldığında, yaşa standardize prevalans değerleri istatistiksel olarak farklı değildi (49,6/100.000;
48,5/100.000 p=0,955).
Sonuç: Bu çalışmanın bulguları Türkiye’nin iki kırsal şehrinde MS prevalansında artış olmadığını göstermektedir
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Introduction
Multiple sclerosis (MS) is a chronic demyelinating disease of the
central nervous system and is the most common cause of disability
in young adults, affecting over 2 million people all over the world
(1). The prevalence of MS differs by genetic and geographic
features and Turkey is categorized in the 20-60/100,000 group on
the world MS atlas (2).
To date, two different methodologies are commonly used in
epidemiologic studies of MS (3,4,5,6). The first is a communitybased field study (4,5). The second is a registry-based,
computerized database study (6). Each approach has pros and cons
but is accepted for its scientific significance. As far as is known, the
first community-based epidemiologic study on MS was conducted
in Galler in 1929 and it recorded a prevalence of 13/100,000 (7).
After an increasing number of studies, it was clearly understood
that the prevalence and incidence of MS were increasing in many
parts of the world (8,9,10,11). This rise is interpreted by two
different approaches. First, it might be a pseudo-increase caused
by easier diagnostic methods due to magnetic resonance imaging
becoming widespread and the diagnostic criteria changing
frequently. The second approach is that it is in fact a genuine
increase and the disease is gradually affecting more and more
people. Epigenetic changes and environmental factors are held
responsible through this approach (8,9).
In Turkey, there are a limited number of available
studies on MS epidemiology published between 2006-2020
(12,13,14,15,16,17,18). However, to our knowledge, there is no
study investigating the prevalence change over the years.
With this study, we aimed to investigate changes in MS
prevalence by determining changes in prevalence rates in the cities
of Kandıra and Geyve after 10 years.

Materials and Methods
We conducted a cross-sectional, descriptive, community-based
study. The STROBE guideline and checklist was followed (19).
The study was conducted over 1 year between 2016 and 2017.
Ethical Approval
This study was approved by the Ethics Committee of
University of Health Sciences Turkey, Kartal Dr. Lutfi Kirdar
Training and Research Hospital Clinical Research (approval no:
2016/514/92/2).
Characteristics of Cities
Geyve
Geyve is the largest district of Sakarya. It is home to a
homogenous Turkish population and has low immigration but a
relatively high emigration rate. It has a semi-warm and wet climate
mixture, which is common in the Mediterranean and Black Sea
regions. The district’s natural vegetation is usually forest. The
economy is mainly rooted in agriculture and it has an almost nonexistent industrial establishment (20).
Kandıra
Kandıra is a district of Kocaeli, with a highly homogenous
Turkish population and a similarly low immigration rate. It has
a typical wet Black Sea region climate. The district’s natural
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vegetation is usually oak and hornbeam forest. The economy is
mainly rooted in agriculture and farming and the district has two
small industrial establishments (21).
Sample Size
Based on the population of Geyve city center (28,043), the
sample size was calculated as 16,210 for Geyve with a confidence
level of 95% and a 0.5% margin of error. To prevent a power
reduction, 1000 extra participants were planned to be included
in the study.
Based on the population of Kandıra city center (14,291), the
sample size was calculated as 10,417 with a confidence level of
95% and a 0.5% margin of error. To prevent a power reduction,
1000 extra participants were planned to be included in the study.
All neighborhoods, streets, and houses were screened door-todoor in both cities.
Screening Form
A screening form, which was prepared and validated in
the Maltepe study, was used. It contained 26 questions in two
parts, which first examined the symptomatology of MS before
demographic features, clinical characteristics, imaging findings,
lumbar punctures, and medications.
Screening Team
Before screening, four teams were put together, each had
three medical students, one nurse, and one neurologist. With the
permission of the local administration, medical students were
chosen from faculties in each city and nurses were provided by the
local public health center in each city.
Before the procedure, teams were trained at the MS center for
two weeks. Previous experiences from the Geyve, Kandıra, and
also İstanbul, Karabük, Akçakoca, Ordu, Gazipaşa studies, were
shared.
Screening Procedure
To ensure a high participation rate, every public health center,
local hospital, and city hall was equipped with information banners
and announcements from city speakers, which were provided 15
days before the start of the study.
Permits and badges were provided to each member of the team,
and informed consent was given by all participants.
City street maps were provided to each team for task sharing,
every house was marked and screened one by one. If no one was
home, the same property was revisited in the next few days until
the end of the study. Screening procedures were conducted between
09.00 am and 17.00 pm on weekdays.
Case Ascertainment
During the screening procedure, any candidate who answered
one or more questions as “yes” was re-evaluated by a neurologist
on site. If the neurologist felt it necessary, participants were
invited to the public health center for a clinical re-examination by
a senior neurologist. Participant medical records were evaluated.
Imaging studies were performed initially or repeated if needed.
The diagnosis was confirmed by two neurologists, independently.
The revised McDonald 2010 criteria were used in diagnosing
MS (22). Kurtzke’s Expanded Disability State score (EDSS) was
used to determine the disability level (23).
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Statistical Analyses
The SPSS software (version 11.5, SPSS Inc., Chicago, IL, USA)
was used in calculating frequency distributions and percentages.
Minitab statistical software (version 16, SPSS Inc.) was used in
calculating the Poisson confidence intervals and in comparing
prevalence rates.

Results
In Geyve, 17,412 persons were reached, 312 declined to
participate. Seventeen thousand one hundred participants were
included with a rate of 98.2%. The diagnoses of 10 out of 15
invited participants who were suspected in the field study, were
finally confirmed as having MS. Other participants were diagnosed
as having neuromyelitis optica, lymphoma, migraine, and
meningoencephalitis.
The crude prevalence of MS was found as 58.5/100,000 for
Geyve.
In Kandıra, 12,383 persons were reached, 263 declined to
participate in the study. Twelve thousand one hundred twenty
participants were included with a participation rate of 97.9%. The
diagnoses of four out of seven suspected participants were finally
confirmed as MS. Others were diagnosed as having polyneuropathy,
lupus, and migraine.
The crude prevalence of MS was found as 33.1/100,000 for
Kandıra.
In total, 29,220 participants were reached, 14 were diagnosed
as having MS and the prevalence was found as 47.9/100,000. When
compared with a study from 10 years previously, the result was
almost the same, no statistical increase was shown (47.6/100,000,
p=0.988). After age standardization, the prevalence was found as
49.6/100,000 and 48.5/100,000, respectively (p=0.955).
We found 10 new patients in this study and 8 previous patients
were not present due to exitus or migration. The diagnosis year of
participants is shown in Table 1.
Nine patients were classified as having relapsing-remitting
MS, four had secondary progressive MS, and one had primary
progressive MS. The diagnosis age range varied between 15 and 42
years. The EDSS range was found to be between 1.0 and 8.0. The
most common initial symptom was optic neuritis and hemiparesis.
The demographic and clinical characteristics of the patients
are summarized in Table 2. The initial symptom distribution is

shown in Table 3. The classification of patients is shown in Figure
1. The distribution of age at MS diagnosis is shown in Figure 2.

Discussion
This study showed the prevalence of MS once again in
two important rural cities in Turkey after 10 years. The total
prevalence of 47.9/100,000 is accordant with Turkey’s average (2).
No significant increase was recorded in 10 years when compared
with previous study results (13).
In 2007, 12 patients out of 25,187 participants who were
screened using exactly the same methodology with the same team
Table 2. Demographic and clinical characteristics of the
patients
Patient number
14
Prevalence of MS

47.9/100,000

Mean age, year

39.8±9.8

Mean age at diagnosis

26.7±8.4

Female/male ratio

2.5

Duration of disease, year (± SD)

14.5±8.4

Median EDSS

3.0

Oligoclonal bands positivity

70%

MS: Multiple sclerosis, EDSS: Expanded Disability State score, SD: Standard
deviation

Table 3. Distribution of initial symptoms
Symptoms
n, (%)
Pyramidal

5, (35.7%)

Cerebellar

2, (14.2%)

Brainstem

3, (21.4%)

Sensory

3, (21.4%)

Autonomic

1, (7.1%)

Visual

4, (28.6%)

Table 1. Diagnosis years of 10 new patients
Patient number
Sex
Year of diagnosis
1

M

2007

2

F

2007

3

F

2009

4

M

2010

5

M

2010

6

F

2012

7

M

2014

8

F

2016

9

F

2016

Figure 1. Classification of patients with MS

10

F

2017

RRMS: Relapsing remitting multiple sclerosis, SPMS: Secondary
progressive multiple sclerosis, PPMS: Primary progressive multiple
sclerosis, MS: Multiple sclerosis

M: Male, F: Female
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Age at diagnosis

Figure 2. The distribution of age at diagnosis

supervisor, were diagnosed as having MS. Ten patients were newly
added and eight patients were not present in this study (5 exitus,
3 migrated).
Despite not being a prospective cohort study, with these
findings, we were allowed to gain insight into the incidence of
MS for the first time in Turkey. The distribution of the diagnosis
years of patients showed us that every two years, two new patients
developed MS. All new patients were known to be domestic
people and not immigrants and they had no symptoms prior to
their diagnosis year. Therefore, the annual incidence rate can be
interpreted as 3.4/100,000.
The factors contributing to this stable prevalence may be the
low immigration rate, the low urbanization rate, and low levels of
air pollution along with stable socioeconomic levels and dietary
habits. This is because when the epidemiologic studies that reported
an increase in MS prevalence were analyzed, it was understood that
this was due to changing environmental factors, dietary habits,
immigration, and toxin exposure (24,25,26,27,28,29). Both Geyve
and Kandıra are rural cities that have no serious industrialization
and air pollution (30).
Turkey has other cities such as İstanbul, Karabük, and
Ereğli, which have much higher MS prevalences 101.4/100,000;
95.9/100,000 and 96.1/100,000, respectively (12,16,18) with
their high urbanization index and high air pollution levels (30). In
addition, the lowest MS prevalence (18.6/100,000) was found in
Artvin, which is the titleholder of the nation’s cleanest city (17).
These cities, which are located on the same latitude, are important
examples in showing the effects of air pollution and urbanization.
Many studies from different countries have also shown the effects
of air pollution on MS epidemiology (31,32,33,34,35). These
Italian, French, Iranian, and Finnish studies showed that increased
PM2.5, PM10, CO2 and NO2 levels were risk factors for MS.
Similar to our findings, various studies also showed no increase
and even a decrease in the incidence of MS (36,37,38,39,40). They
reported that the incidence of MS was stable or had decreased,
but the prevalence had increased slightly with the increase in
life expectancy. A Canadian study stated that in some studies
that showed an increase in MS incidence and prevalence after the
second screening, cases were overlooked in the previous one and
resulted in a pseudo-increase. Also, methodologic differences were
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stated as the other main cause of this rise (41). With all this taken
into consideration, in our study, the methodology was identical to
the previous study and it was understood from the diagnosis years
that no cases were overlooked.
The female/male ratio is again similar to the previous study
and other national studies (12,13,14,15,16,17,18). A large metaanalysis showed that the ratio increased from 1.4 to 2.3 between
1950 and 2000, but showed no change in the last 10 years (42).
Again, a very recent study that was published in 2018 recorded
that the female/male ratio was stable in 2.4 in the last 15 years
(36).
The mean and median EDSS of the patients were a little high
in this study when compared with other studies (12,13,14,18).
The reason may be due to the relatively high disease duration and
low patient number. On the other hand, we detected no patients
with late-onset MS in these cities. In general, 5-10% of all patients
with MS are expected to have disease onset later than age 45 years
(43). The low number of cases could again be responsible for this
situation.
Study Limitations
The main limitation of this study is that it is a cross-sectional
self-declaration-based study. Recall bias may be one of the
main problems in patients with MS. Another limitation may
be that fulfilling the McDonald criteria may not be enough in
distinguishing MS mimickers. Finally, important environmental
factors such as vitamin D, cigarette smoking or Epstein-Barr virus
infection rates were not investigated.

Conclusion
With this first study, which investigated the changes in MS
epidemiology in Turkey in nearly 30,000 participants and had
high participation rates, we conclude that the prevalence of MS is
not increasing, at least in these two rural cities. More studies are
needed, particularly in urban cities to shed light on changes in MS
epidemiology in Turkey.
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