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Abstract

Objectives The prevalence of multiple sclerosis (MS) in the Persian Gulf countries has been significantly increasing during the
past decades. This study was conducted for investigating the prevalence and incidence of MS in Northeast Iran (Khorasan Razavi
province).

Methods This cross-sectional study was conducted during 1 January 1988 and 23 September 2018. All patients with a clinically
definite diagnosis of MS according to the McDonald criteria (2005) and MRI along with the medical diagnosis, recorded in the
Khorasan MS society, were considered for calculation of crude and age-standardized prevalence, and incidence rates of MS. The
periodic incidence rates were calculated based on the year of onset of MS. Also, we calculated gender ratios for prevalence and
incidence rates.

Results The mean age-standardized prevalence and incidence rates of MS in the Khorasan Razavi were 8.69 (95% CI 8.05-9.41)
per 100,000 (3.99 (95% CI 3.39—4.74) for males, 13.49 (95% CI 12.37-14.76) for females). Age-standardized prevalence was
48.87 (95% CI 48.37-49.35) per 100,000 (22.47 (95% CI 22.01-22.93) for males, 75.65 (95% CI 74.80-76.51) for females).
Also, the mean incidence and prevalence for Mashhad County as capital of province were 11.38 and 59.09 per 100,000
populations, respectively. The female/male ratio was 3.33 for all age groups.

Conclusion Our results showed that this region is a high-risk area for MS like central region of Iran. Our results revealed that the

prevalence and incidence of MS in the study area have increased during the recent decades with a sharp slope.
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Introduction

Multiple sclerosis (MS) is an autoimmune disease charac-
terized by inflammation, demyelination of neurons, and
damage to the central nervous system (CNS) [1]. MS is
more prevalent among young people and women [2—4].
The etiology of this disease has been not known exactly,
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and it seems that it can be developed under the effect of
several factors such as environmental and genetic factors
[5-8]. According to previous studies, Epstein-Barr virus
(EBV), vitamin D deficiency, and smoking are best docu-
mented as related with an increased risk of MS [9-12]. On
the other hand, researchers believed that the risk of MS is
related to body mass index (BMI) [13].
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Among the countries of the Middle East, Iran has been one
of the interesting countries for researchers to conduct MS-
related epidemiological studies. Most new methodologically
well-designed studies such as cohort ones clearly have
showed that the MS distribution is much more complex than
previously thought. According to the MS geographical gradi-
ent hypothesis proposed by Kurtzke, Iran is located in an area
with a low prevalence (less than 5 per 100,000), while in a
recent study conducted by Azami et al., the prevalence of this
disease was reported to be high (30 per 100,000) [14], even a
prevalence ratio of more than 100 per 100,000 population has
been reported in some studies [15, 16].

In addition, the incidence rate of the disease varies in dif-
ferent parts of Iran. For example, in Isfahan and Sistan and
Balouchestan provinces, the incidence rate of MS has been
reported to be 9.1 and 0.62 per 100,000 population, respec-
tively [17, 18]. In a national population-based study by
Hosseinzadeh et al., the overall incidence rate in Iran was
6.7 per 100,000 population (10.5 and 3 for female and male,
respectively) [19].

The reasons for the high prevalence of MS in Iran are
unclear. Increasing rates of urbanization, modernization, and
industrialization and development of diagnostic facilities, life-
style changes, air pollution, etc., have been introduced as fac-
tors affecting the high prevalence of this disease in Iran [6,
20-22]. In addition, most of the studies in Iran have been
conducted in the central regions, especially the two cities of
Isfahan and Tehran, which are well known in terms of the MS
prevalence. However, other areas of Iran, especially the north-
east, where the important metropolis of Mashhad (in terms of
tourism and weather conditions) is located, have not received
much attention. Therefore, the present study is designed to
investigate the trend of prevalence and incidence of multiple
sclerosis in Khorasan Razavi province during the last three
decades.

Methods
Study population

This is a cross-sectional study conducted on Khorasan Razavi
province (Iran) during 1988 to 2018. The study is designed
based on the STROBE protocol [23]. All methods were car-
ried out in accordance with relevant guidelines. The Khorasan
Razavi province with an area of 118,884 km® is located in
northeastern Iran (36.2980° N, 59.6057° E) (Fig. 1). The prov-
ince also shares a border with Afghanistan and Turkmenistan
to the east, and it is the second largest province in Iran. Its total
population in September 23, 2018 (in prevalence day), was
reported to be 6,434,501, according to the Statistical Centre of
Iran [43]. The province consists of 28 counties, 73 cities, and
3281 villages, and its center is the city of Mashhad (the capital
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of Razavi Khorasan province). Unfortunately, data from the
two counties (Sarakhs and Bajestan) were not available, since
MS Society has not established in these cities, and there were
no reliable datasets. The population of the province is almost
homogeneous culturally and racially. Figure 1 shows the
Khorasan Razavi province along with its counties.

The data on the MS patients in the Khorasan Razavi prov-
ince from January 1, 1988, to September 23, 2018, was col-
lected. At county level, patients are registered at MS Society
of each county. The patients were required to register at the
MS Society in order to get their medications. In addition, they
were asked to keep their personal information up to date and
re-register every year. This information is continuously sent to
the provincial and national MS Society. In addition, the
Treatment Deputy of Medical Universities records the infor-
mation of MS patients.

After removing the duplicate records and correcting for the
residential address, the confirm data is sent back to each pro-
vincial MS Society. This dataset is the most reliable MS
dataset in Iran and has been used in many national and pro-
vincial studies [25, 26]. In fact, all of the MS patients receive
their medications through this registration system.

Data collection

The information was taken from the Khorasan MS Society
and was coded to respect the individual identity of the pa-
tients. We used secondary data, so it is not required to consent
of patient. Also, all data gathered based on some codes and we
did not have access to the name of patient. In order to join the
MS society, each patient must have provided a neurologist’s
confirmation based on the latest diagnostic criteria. MS con-
firmation has been approved by clinical finding, McDonald
criteria (2005 and 2010), magnetic resonance imaging (MRI),
evoked potential studies, and cerebrospinal fluid (CSF) exam-
ination [18, 26].

Demographic information of patients, number of patients,
sex, city and county population, the diagnosis age, patient’s
age, residential area (urban or sub-urban), and other variables
were collected in a checklist and entered to an SPSS file.
Demographic information of the population was obtained
from the Statistical Centre of Iran [43]. The MS Society of
Khorasan was considered as one of the main sources for MS
information.

Only people who are medically diagnosed with MS and are
registered in the Khorasan MS Society are included in the
study. Therefore, patients from other provinces who have
been registered to receive medication or medical services in
the MS Society in a short time period were excluded.

The age- and sex-specific prevalence and incidence rates
(per 100,000 populations) were calculated along with a 95%
confidence interval (95% CI). Age of onset in the patients was
from 13 to 72 years old. Since the age at onset in MS has been
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Fig. 1 Location of Khorasan Razavi province and its 28 counties

reported periodically, the mentioned period was divided into
5-year periods. The prevalence and incidence of the disease
were calculated based on the age at the onset in MS and the
population of city in that year. According to the age group of
patients, the prevalence was calculated and reported at differ-
ent ages. The data of 3707 MS patients registered in the MS
Association was extracted alongside with their demographic
data; however, some of them did not meet the study criteria.
We confirm that all methods were carried out in accordance
with relevant guidelines and regulations. This study has been
approved by the Ethical Committee of Torbat Heydariyeh
University of Medical Sciences IR. THUMS.1398.021).

Statistical analysis

Age- and sex-specific prevalence between the January 1,
1988, and September 23, 2018, were calculated based on the
age at onset in MS and the population number in 2018. The
number of patients resided in Khorasan Razavi province until
September 2018 was divided to the population to obtain prev-
alence. Crude sex and age area-specific prevalence were cal-
culated as the number of cases on prevalence day per 100,000
inhabitants.

In addition, age-standardized prevalence was calculated
using the standard population of Iran in 2016 [43]. The inci-
dence was calculated for 5-year periods based on the age at

Razavi Khorasan Province

onset in MS. For this, the number of new cases of MS in each
period was divided to the population in that period. The aver-
age of incidence for the Khorasan Razavi province (except for
Sarakhs and Bajestan counties), Mashhad county, and other
counties of the province are reported. Confidence interval for
different groups was calculated using Poisson’s analysis.
Significant differences between the groups were tested by un-
paired #-tests and the Chi-square test or Fisher exact test, as
appropriate. P < 0.05 were considered statistically significant.
SPSS (version 16) and STATA (version 14) were used for
data analysis. Patients with incomplete information in terms
of age, sex, or diagnosis date were treated as missing data but
they were not removed from the study.

Results

A total of 3707 patients with MS have been registered by MS
Society until September 23, 2018. Of these, 741 patients were
excluded from the study. These patients were specifically
from other provinces and have traveled to Mashhad only for
a limited period of time or have referred from other cities to
the Khorasan MS Society to get medication.

The remaining cases (2966 cases, 685 men and 2281 wom-
en, mean age 37.07 £ 9.67) were evaluated in this study.
Figure 2 clearly shows that during the 5-year periods between
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1988 and 2018, the number of patients in Khorasan Razavi
province, as well as in Mashhad and other counties, has in-
creased significantly, so that the highest number of patients
was observed in the period 2013-2018 (1381 cases, 1078
females and 303 males). The results showed that there is a
significant difference between the number of patients in
Mashhad county and other counties of the province (P <
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Fig. 2. Cumulative prevalence of MS patients in six 5-year periods
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0.05). It is also clear that an increase in the prevalence of
female with MS is occurring at a much higher slope than in
men (Fig. 2).

The crude prevalence of MS stratified in terms of age for
Khorasan Razavi province, Mashhad County, and other
counties has been presented in Table 1. The overall crude
prevalence in the Khorasan Razavi province with a population
0f 6,307,867 was 47.02/100,000 population (95% CI 45.36—
48.74). Also, overall crude prevalence for Mashhad county
and other counties of Khorasan Razavi province were 58.51/
100,000 population (95% CI1 56.01-61.11) and 32.98/100,000
population (95% CI130.93-35.16), respectively. A significant-
ly higher prevalence was showed in females than in males in
all of the age groups (P < 0.001). The age-adjusted prevalence
standardized to the Iran population were 48.87 per 100,000
population (95% CI48.37-49.35), 59.05 per 100,000 popula-
tion (95% CI 58.52-59.59), and 35.6 per 100,000 population
(95% CI 35.19-36.02) for Khorasan Razavi province,
Mashhad county, and other counties, respectively (Table 1).

The incidence rates of MS in the Khorasan Razavi prov-
ince, Mashhad County, and other counties during 5-year pe-
riods are presented in Table 2. High rates of incidence can be
observed in case of Mashhad County for female (46.2 per
100,000) during the 20132018 period. The overall incidence
of MS in Mashhad was 11.38 per 100,000. Also the sex-
specific average of incidence rate in each period has been
shown.

The crude 5-year incidence of MS in this population was
between 0.53 (95% CI 0.36-0.8) and 23.17(95% CI 21.98—
24.42) per 100,000 (range 0.68-36.66 for female and 0.39—
10.06 for male per 100,000). The age standardized rates (ad-
justment for the Iranian population) for total, males, and fe-
males were 3.99, 8.69, and 13.49 per 100,000, respectively.
The incidence rate for females was 1.55 times higher than that
for males.

The female/male ratio of MS prevalence for the whole
province was 3.33. In case of Mashhad, this ratio was 3.56,
indicating a higher ratio comparing to the whole province. The
highest amounts of F/M ratio were observed for 19-30 and
31-45 age groups (Appendix Table 3). The mean age of pa-
tients in prevalence year and the age at onset in MS do not
differ remarkably in different parts of the province; however,
these were lower in Mashhad, comparing to the whole prov-
ince and other counties (Appendix Table 4).

Discussion

The prevalence and incidence of MS in the Persian Gulf coun-
tries has been significantly increasing during the past decades
[27-29]. Iran has been a region of interest for MS research be-
cause it is located in a low-risk area of MS, but in some areas,
especially Tehran and Isfahan, the prevalence is very high. In
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Table 1
September 23, 2018

Age, sex, and residence place-specific MS prevalence rates in Khorasan Razavi province (per 100,000 individuals in the population) on

Age group Male Female

Total

Cases Population Prevalence (95% CI)

Cases Population Prevalence (95% CI)

Cases Population Prevalence (95% CI)

Khorasan Razavi Province®

<18 9 1,050,129  0.86 (0.45-1.65) 22 1,002,908 2.19 (1.44-3.33) 31 2,053,037 1.51 (1.06-2.15)
19-30 153 681,746 22.44 (19.15-26.3) 602 680,260 88.50 (81.7-95.85) 755 1,362,005 55.43 (51.62-59.53)
31-45 353 786,246 4490 (40.45-49.83) 1229 767,713 160.09 (151.39-169.28) 1582 1,553,960 101.80 (96.91-106.94)
46-60 156 421,732 36.99 (31.62-43.27) 393 426,401 92.17 (83.49-101.74) 549 848,133 64.73 (59.54-70.38)
>61 14 239,951 5.84 (3.46-9.85) 35 250,780 13.96 (10.02-19.44) 49 490,732 9.99 (7.55-13.21)
Total 685 3,179,803 21.54 (19.99-23.22) 2281 3,128,064 72.92 (69.99-75.97) 2966 6,307,867 47.02 (45.36-48.74)
Mashhad County®
<18 5 554,375 0.90 (0.38-2.17) 16 531,529 3.01 (1.844.91) 21 1,085,904 1.93 (1.26-2.97)
19-30 113 374,364 30.19 (25.1-36.3) 431 387,489 111.23 (101.21-122.24) 544 761,853 71.41 (65.65-77.66)
3145 231 446,663 51.72 (45.46-58.83) 887 438,705 202.19 (189.32-215.92) 1118 885,368 126.28 (119.09-133.89)
4660 90 240,200 37.47 (30.48-46.07) 231 240,894 95.89 (84.3—109.08) 321 481,094 66.72 (59.81-74.43)
>61 6 126,783 4.73 (2.13-10.53) 20 128,806 15.53 (10.02-24.07) 26 255,589 10.17 (6.93-14.94)
Total 445 1,742,385 25.54 (23.27-28.03) 1585 1,727,422 91.76 (87.35-96.38) 2030 3,469,808 58.51 (56.01-61.11)
Other counties®
<18 4 495,753 0.81 (0.30-2.15) 6 471,380 1.27 (0.57-2.83) 10 967,133 1.03 (0.56-1.92)
19-30 40 307,381 13.01 9.55-17.74) 171 292,771 58.41 (50.28-67.85) 211 600,152 35.16 (30.72-40.24)
31-45 122 339,584 35.93 (30.09-42.90) 342 329,009 103.95 (93.5-115.56) 464 668,592 69.40 (63.37-76.01)
46-60 66 181,532 36.36 (28.56-46.28) 162 185,508 87.33 (74.87-101.86) 228 367,039 62.12 (54.56-70.73)
>61 8 113,168 7.07 (3.54-14.14) 15 121,974 12.30 (7.41-20.4) 23 235,143 9.78 (6.5-14.72)
Total 240 1,437,418 16.70 (14.71-18.95) 696 1,400,641 49.69 (46.13-53.52) 936 2,838,059 32.98 (30.93-35.16)

CI confidence interval

 Age-adjusted prevalence for the Iranian standard population (2016) was 22.47 (22.01-22.93) for male, 75.65 (74.80-76.51) for female, and 48.87

(48.37-49.35) for total case

bAge—adjusted prevalence for the Iranian standard population (2016) was 25.90 (25.41-26.4) for male, 92.31 (91.37-93.26) for female, and 59.05

(58.52-59.59) for total case

¢ Age-adjusted prevalence for the Iranian standard population (2016) was 18.11 (17.70-18.53) for male, 53.59 (52.87-54.32) for female, and 35.6

(35.19-36.02) for total case

general, MS in Iran does not conform to the global patterns of
MS. Also, according to a literature review [14], most studies have
been conducted in the central regions of Iran and no attention has
been paid to border areas, especially in the northeast, where large
cities such as Mashhad, Sabzevar and Neishabour are located. As
a result, the present study examined the epidemiology of the
disease over a 30-year period in this region. Studies that fully
investigate the prevalence and incidence of multiple sclerosis in
all provinces of Iran are very limited. The prevalence range in
these studies is reported to be between 7.2 and 89 per 100,000 for
different provinces [14].

In studies conducted in other parts of the world, a regional
variation based on sex has been observed. For example,
Alonso and Hernan surveyed the global epidemiological data
for MS between 1966 and 2007, and estimated that the annual
incidence rate of MS equals to 3.6 in female and 2 in male per
100,000 populations. The highest rates were found in Finland

(6.2 and 10.3 per 100,000 male and female, respectively),
while the lowest measures were reported for Australia. Also,
in Europe, the overall incidence was reported to be between
3.5 and 5.5 per 100,000 [30, 31].

The results showed that the female-to-male (F/M) ratio of
MS incidence in Khorasan Razavi province is more than 3,
which is consistent with the results of many studies. For ex-
ample, in Iran, F/M ratios of 3.11 and 3.37 are reported for
Tehran and Isfahan, respectively. Similar results have been
also reported in Poland and Brazil (2.4 and 3.13, respectively).
In countries such as Canada, there were also significant dif-
ferences in female to male ratios (7.7). Also, our results
showed that in Khorasan Razavi province, the highest values
of F/M ratio are in the 19- to 45-year-old age groups, possibly
due to the highest prevalence of multiple sclerosis in this age
group. Although the F/M ratio in the present study was not
higher than the ratio reported from other parts of the world,
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Table 2  Incidence of MS per 100,000 populations in Khorasan Razavi Province patients, January 1988 to September 2018
Years Male Female Total
Cases Population Incidence (95% CI) Cases Population Incidence (95% CI)  Cases Population Incidence (95% CI)

Khorasan Razavi Province®

1988-1993 9 2,299,590  0.39 (0.2-0.75) 15 2,196,750  0.68 (0.41-1.13) 24 4,496,339  0.53 (0.36-0.8)
1993-1998 22 2,430,115 091 (0.6-1.37) 59 2,415,899  2.44(1.89-3.15) 81 4,846,014  1.67 (1.34-2.08)
1998-2003 40 2,560,551  1.56 (1.15-2.13) 111 2,537,103  4.38 (3.63-5.27) 151 5,097,653 296 (2.53-3.47)
2003-2008 127 2,727,882  4.66 (3.91-5.54) 373 2,723,647  13.69 (12.37-15.16) 500 5,451,529  9.17 (8.4-10.01)
2008-2013 184 2,868,241  6.42 (5.55-7.41) 645 2,792,416  23.1 (21.38-24.95) 829 5,660,656  14.64 (13.68-15.68)
2013-2018 303 3,020,443 10.03 (8.96-11.23) 1078 2,940,595 36.66 (34.54-38.91) 1381 5,961,039  23.17 (21.98-24.42)
Mashhad County®

1988-1993 5 1,018,217  0.49 (0.2-1.18) 11 972,681 1.13 (0.63-2.04) 16 1,990,898 0.8 (0.49-1.31)
1993-1998 18 1,104,287  1.63 (1.03-2.59) 46 1,097,827  4.19 (3.14-5.59) 64 2,202,115 291 (2.27-3.71)
1998-2003 27 1,222,649  2.21(1.51-3.22) 84 1,211,453 6.93 (5.6-8.59) 111 2,434,102 4.56 (3.79-5.49)
2003-2008 74 1,373,205  5.39 (4.29-6.77) 266 1,371,074  19.4 (17.2-21.88) 340 2,744279  12.39 (11.14-13.78)
2008-2013 120 1,514,673  7.92 (6.62-9.47) 437 1,474,631  29.63 (26.98-32.55) 557 2,989,305  18.63 (17.15-20.25)
2013-2018 201 1,647,564  12.2 (10.62-14.01) 741 1,604,009  46.2 (42.99-49.64) 942 3,251,572 28.97 (27.18-30.88)
Other counties®

1988-1993 4 1,281,373 0.31 (0.12-0.83) 4 1,224,068  0.33 (0.12-0.87) 8 2,505,441  0.32 (0.16-0.64)
1993-1998 4 1,325,828 0.3 (0.11-0.8) 13 1,318,072 0.99 (0.57-1.7) 17 2,643,899  0.64 (0.4-1.03)
1998-2003 13 1,337,901  0.97 (0.56-1.67) 27 1,325,650  2.04 (1.4-2.97) 40 2,663,551 1.5 (1.1-2.05)
2003-2008 53 1,354,676  3.91 (2.99-5.12) 107 1,352,573 7.91 (6.55-9.56) 160 2,707,250  5.91 (5.06-6.9)
2008-2013 64 1,353,567  4.73 (3.7-6.04) 208 1,317,784  15.78 (13.78-18.08) 272 2,671,352 10.18 (9.04-11.47)
2013-2018 102 1,372,880  7.43 (6.12-9.02) 337 1,336,586  25.21 (22.66-28.05) 439 2,709,466  16.2 (14.76-17.79)

#The mean period incidence, based on a 6-period of observation, was 3.99 (95%CI 3.39-4.74) per 100,000 in male, 13.49 (95%CI 12.37-14.76) per
100,000 among female, and 8.69 (95%CI 8.05-9.41) per 100,000 among total. The incidence rate for women was 3.4 times higher than that for men

® The mean period incidence, based on a 6-period of observation, was 4.97 (95%CI 4.02-6.21) per 100,000 in male, 17.91 (95%CI 16.09-20.05) per
100,000 among female, and 11.38 (95%CI 10.34—12.57) per 100,000 among total. The incidence rate for women was 5.42 times higher than that for men

¢ The mean period incidence, based on a 6-period of observation, was 2.94 (95%CI 2.27-3.91) per 100,000 in male, 8.71 (95%CI 5.51-10.21) per
100,000 among female, and 5.76 (95%CI 5.08-6.65) per 100,000 among total. The incidence rate for women was 2.96 times higher than that for men

previous studies have shown that Iranian women are at higher
risk of MS than men. For the time being, Iranian women have
less exposure to the sunlight and less physical activity than
men which can lead to vitamin D deficiency and, consequent-
ly, increased risk of MS [32-34]. Also, studies conducted by
Johns Hopkins University have shown that obesity can be a
very important risk factor for developing MS [13]. Other rea-
sons for this may be related epigenetic modification of DNA
including environmental or hormonal factors that differ be-
tween male and female. For example, responses to environ-
mental factors such as sun exposure and vitamin D are differ-
ent in male and female groups [9, 35]. Another study sug-
gested lifestyle factors such as dietary habits, increased
smoking rate, the timing of childbearing years, and changing
the role of women in the workplace may be involved [36].
Until recent years, Khorasan Razavi province was consid-
ered as a region with a moderate or low risk of MS [6].
Limited studies conducted in different cities of the province
in recent years have shown a high prevalence of MS. For
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instance, during a study conducted in 2018, in the cities of
Torbat Heydarieh, high prevalence was reported, indicating a
change in the trend of MS in the province [26].

However, the results of the present study show that the
prevalence of MS is 47 per 100,000 (21.54 for men and
72.92 for women). The high incidence of MS in the last two
decades has made this province a high-risk area (prevalence of
more than 30 per 100,000). In addition, the prevalence in the
metropolitan area of Mashhad was 58.51 per 100,000 (25.54
for men and 91.76 for women). A total of 2966 MS patients
were identified in the whole province, of which 2030 and 936
were residents of Mashhad and other counties of Khorasan
Razavi province, respectively. The high prevalence of MS in
Mashhad can be attributed to the factors such as better access
to modern diagnostic facilities, the presence of neurologists,
disease registration and patient support systems, introduction
of routine MRI tests, improvement of accurate diagnostic
methods such as McDonald tests, different lifestyles, and ur-
banization and modernity effects including air pollution. In
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Dehghani et al.’s study, factors such as better social and eco-
nomic situation along with greater access to diagnostic facil-
ities and higher number of specialists in a region were consid-
ered among the possible factors influencing the variety of
prevalence in different regions [26]. Furthermore, higher inci-
dence and accumulation of disease cases can be another factor
for the different prevalence ratios among regions [37-39].

The 5-year raw incidence rates of MS have risen in recent
years, from 0.53 per 100,000 in 1988-1993 to 23.17 per
100,000 in 2013-2018. For Khorasan Razavi province, the
average of incidence in all the six time periods was calculated
to be 8.7 per 100,000 (Table 2). There is also a significant
difference between the incidence in the Mashhad County and
the other counties. Although this difference between men is
not significant, but in the group of women, a distinct differ-
ence was observed, indicating the difference in risk of disease
between residents of Mashhad and other areas, especially for
the female population. Several factors can be involved. For
example, vitamin D deficiency can be observed among
Iranian women, especially those living in large cities, possibly
due to their special lifestyle, insufficient physical activity, and
the use of sunscreen and cosmetic products. In particular,
Iranian women suffer from vitamin D deficiency during ado-
lescence and youth [40, 41].

Also, some studies have considered high obesity rate in a
region as a risk factor of MS [42]. As a matter of fact, a high
percentage of the Iranian population, especially urban women,
suffer from obesity [43]. In addition, factors such as air pollu-
tion, stress, and differences in dietary patterns and access to
diagnostic facilities can be a factor in the high incidence of MS
in large cities’ populations [26].

The average age of the patients in the year of prevalence
calculation and in the year of disease onset did not show a
significant difference between the Khorasan Razavi province,
Mashhad County, and other counties (Appendix Table 4). On
the other hand, the average age of onset of the disease has
decreased during the study period until 2018, probably due
to the improvement and advancement of medical diagnostic

Appendix

equipment and facilities, as well as increasing the general
literacy level of community about the disease. For example,
one of the effective factors in the diagnosis of neurological
diseases is the increase in per capita neurologist in Iran [26].

One of the limitations of this study is the inability to deter-
mine the patients with a long history of MS that can underes-
timate the parameters. There are also issues with people’s
access to health care, which is one of the limitations of epide-
miological studies. On the other hand, it is possible that some
patients especially the young ones may not have referred to
health care centers due to the mild conditions of the disease. In
addition, because of the fact that MS registration system has
improved in recent years, some cases may not have been re-
corded over time, or due to changes in diagnostic tests, similar
process may not be performed for everyone. However, this
study can be considered as a map for the distribution of MS
in northeast of Iran, and be a model for other provinces of Iran
and other countries. Long-term study of chronic diseases such
as MS is one of the most important advantages of these
studies.

Conclusion

The results of this study showed that contrary to what was
previously thought, the northeastern region of Iran, and espe-
cially the city of Mashhad, has become a high-risk area for MS
over the past three decades. It was also found that the preva-
lence ratio and incidence rate of MS can considerably vary in
different parts of a province. In addition, noteworthy is the
significant increase in the prevalence ratio of women to
men. According to the results, as can be seen in other parts
of Iran, MS incidence and prevalence rates in large cities are
much higher than those in rural areas and smaller cities.

Table 3 Age-specific female-to-

male (F/M) prevalence ratio for Age category Khorasan Razavi province Mashhad county Other counties
MS

<18 2.444 32 1.5

19-30 3.935 3.814 4.275

3145 3.482 3.84 2.803

46-60 2.519 2.567 2.455

>61 25 3.333 1.875

Total 3.33 3.562 2.9
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Table 4 Mean age of patients in

prevalence year and the age at Year Age at disease onset for total case Age at prevalence day (y) for total case
onset in MS
Mean 95% CI Mean 95% C1

Khorasan Razavi Province

1988-1993 32.87 32.39-33.34 49.16 47.15-51.17
1993-1998 30.49 29.94-31.04 48.42 45.01-51.82
1998-2003 30.82 30.06-31.59 43.58 42.06-45.10
2003-2008 29.61 28.17-31.06 40.81 40.00-41.61
2008-2013 30.84 29.08-32.61 36.67 36.10-37.24
2013-2018 24.82 22.45-27.2 3433 33.84-34.81
Mashhad County

1988-1993 31.92 31.38-32.47 49.56 47.29-51.83
1993-1998 29.74 29.1-30.37 48.94 44.56-53.32
1998-2003 30.40 29.5-31.31 42.41 40.66-44.15
2003-2008 28.69 27.02-30.36 40.35 39.4-413
2008-2013 31.15 29.17-33.12 36.03 35.37-36.68
20132018 25.09 21.9-28.28 3335 32.79-33.91
Other counties

1988-1993 34.90 33.99-35.81 48.38 40.53-54.22
1993-1998 32.06 31.01-33.11 47.65 42.93-52.37
1998-2003 31.69 30.27-33.11 46.83 43.86-49.79
2003-2008 31.95 29.1-34.79 41.77 40.26-43.27
2008-2013 29.64 25.25-34.03 37.99 36.88-39.1
2013-2018 24.33 19.34-29.33 3643 35.49-37.37
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