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Abstract

Background: Multiple Sclerosis (MS) is a burdensome, chronic and autoimmune disease of the central nervous sys-
tem. We aimed to report the incidence, prevalence, mortality, and Disability Adjusted Life Years (DALYs) of MS in Iran at
a national level for different age and sex groups over a period of 28 years (1990-2017).

Methods: Data were extracted from the Global Burden of Disease study (GBD) from 1990 to 2017, published by the
Institute for Health Metrics and Evaluation. The incidence of DALYs and prevalence of MS were estimated to report the
burden of MS based on sex and age in Iran from 1990 to 2017.

Results: At the national level, the Age-Standardized Incidence Rate (ASIR), Age-Standardized Prevalence Rate (ASPR),
Age-Standardized DALYs Rate (ASDR) and the Age-Standardized Mortality Rate (ASMR) in Iran in 2017 were 2.4 (95%
Uncertainty Interval [Ul]: 2.1 to 2.7), 69.5 (62.1 to 77.8), 29.1 (23.6 to 34.7), and 0.4 (0.3 to 0.4) per 100,000 population,
respectively. During the period of 1990 to 2017, all measures increased, and were higher among females. The inci-
dence rate began upward trend at the age of 20 and attained its highest level at the age of 25.

Conclusion: InIran, all of the age-standardized MS rates have been increasing during the 28 years from 1990 to 2017.
Our findings can help policy makers and health planners to design and communicate their plans and to have a better
resource allocation, depending on the incidence and prevalence of the growing numbers of MS patients in Iran.
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Background

Multiple Sclerosis (MS) is a central nervous system dis-
ease that is categorized as an autoimmune and chronic
disease that causes nerve damage, inflammation and
demyelination of the nerves [1-5]. The disease irrevers-
ibly destroys axons and myelin to varying degrees [5, 6].
MS was considered as a T-cell mediated disease with an
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abnormal balance between regulatory T-cells and Central
Nervous System (CNS) reactive effector T-cells. Recently
added evidence shifted attention to B cells’ potential con-
tributions on CNS inflammatory disease activity, mainly
the antibody-independent functions of B cells implicated
in mediating new relapsing MS disease activity as part
of cascades of cellular immunological interactions in the
periphery [7]. The main cause of the illness is not clearly
known, but a few genetic and environmental factors are
involved in the onset of the disease, which include posi-
tive serology of the nuclear antigen of the Epstein bar
virus, infectious mononucleosis and smoking [3]. Other
possible causes of the disease include lack of vitamin D
intake, genetic risk factors [6], geographical distribution,
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so that the studies have shown that MS prevalence and
incidence increases with latitude gradient [3, 8]. Regard-
ing diet, hypercaloric Western-style diets, character-
ized by high salt, animal fat, red meat, sugar-sweetened
drinks, fried food, low fiber, and lack of physical exercise
are other predisposing factors of MS [9].

Based on the MS International Federation report, the
global mean prevalence rate of MS increased from 30
cases per 100,000 population in 2008 to 33 cases per
100,000 population in 2013. The lowest rates of 2 (1.71
to 2.29) and 2.8 (2.4 to 3.1) were seen in Oceania and
Central Sub-Saharan Africa, respectively. Conversely,
the highest prevalence rates were seen in Nova Sco-
tia )266.9(and British Columbia) 179.9(of Canada, and
North America )164.6) [1, 4]. Since MS does not lead to
quick deaths, reporting other measures in addition to the
incidence and prevalence can help better measure the
burden of the disease [10]. In this regard, the Disability
Adjusted Life Year (DALY) is used as one of the most
applicable measures for evaluating community health. In
2013, globally, a total of 1,343,000 DALYs and 1920 ASDR
per 100,000 people were reported for all age groups
affected with MS. Moreover, 1.6% of all reported neuro-
logical diseases’ DALYs were MS related [6].

With a mean prevalence of 51.52 cases per 100,000
population, Iran is categorized as a high prevalence
region in the middle east [11]. Some studies in central
areas of Iran showed that the MS prevalence rate in Teh-
ran and Isfahan were 101 [11] and 85 cases per 100,000
population, respectively [12]. The increasing burden
of MS, plus the high cost of managing this disease and
the need to be able to track the change in incidence and
prevalence through better data suggests that policymak-
ers and health planners need accurate epidemiological
information about its condition in the country [12]. In
this study, as a part of the GBD study, we aimed to report
the incidence, prevalence, mortality, and DALYs of MS
in Iran at a national level in different sex and age groups
over a period of 28years (1990-2017).

Methods

The components of data collection, statistical methods,
and estimation processes for the GBD 2017 study have
been described comprehensively elsewhere [13-15],
where the burden of 354 diseases and injuries in 195
countries and territories by sex and age groups in terms
of incidence, prevalence, death, DALYs, Years of Life Lost
(YLL), and Years Lived with Disability (YLD) measures
have been reported.

In this paper, we report the burden of MS in Iran from
1990 to 2017 by sex and age groups. International Clas-
sification of Diseases (ICD)-10 codes of G35-G35.0 and
G35-G35.9 were mapped to define non-fatality and
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fatality of MS, respectively [14, 16]. The original data esti-
mated by the GBD for MS in Iran was mostly from death
registry system, MS registry and scientific literatures.
Rates are expressed as age-standardized based on the
GBD reference population [17]. 95% Uncertainty Inter-
vals [18] were calculated with the 2.5th and 97.5th per-
centiles of 1000 draws by age, sex, location, and year, and
point estimates were calculated from the median esti-
mates across the draws for each measure.

Decomposition analysis was applied between 1990 and
2017 to determine the contribution of change in the age-
specific incidence rate, population growth, and popula-
tion aging of new cases [19]. Percent changes for number
and rate were calculated as the difference between the
last and first study years divided by each measure’s ini-
tial value. We computed expected burden on the basis of
sociodemographic index (SDI) and compared these esti-
mates to observed rates. The SDI is calculated from the
geometric mean of total fertility rate under 25years, lag-
distributed income per capita, and average educational
attainment in the population older than 15years [15].
The Mortality-to-Incidence Ratio (MIR) was calculated
to measure quality of care and evaluate disease manage-
ment outcome. Figures were depicted by R version 3.4.2.

Results
At the national level, MS related Age Standardized Inci-
dence Rate (ASIR) was 2.0 (95% UI: 1.8 to 2.2) and 2.4
(2.1 to 2.7) per 100,000 population in 1990 and 2017,
respectively, with an average annual percentage change of
0.6. The females to male’s ratio of ASIR was 1.8 in 1990
and 1.9 in 2017 (Table 1). The age trend of the disease
had been shown in the 1990s, 2000s, 2010 and 2017, and
followed a similar pattern throughout all these years. The
incidence rate began its upward trend from the age of
20years and peaked at the age of 25. From the age of 25,
a downward trend began and reached its lowest level at
the ages of 55 to 59 (Fig. 1). The evaluation of the ASIR
time trend showed that there had been a slight slope
in the period from 1990 to 1995, after which it slightly
decreased from 1996 to 2005 and then began to rise from
2005 until 2017 (Fig. 2). The population age pyramid of
incidence rate in 1990 and 2017 indicated that the high-
est incidence rate was in the 25-29years age group and
then followed a downward trend (Fig. 3). Furthermore,
decomposition analysis showed that 42.0% of the changes
in the disease’s incidence cases were due to popula-
tion growth, 26.2% due to the age structure changes and
34.1% due to changes in the incidence rate of the disease
(Table 2).

In Iran, ASPR increased from 55.8 (50.1 to 62.5)
per 100,000 people in 1990 to 69.5 (62.1 to 77.8) in
2017, with an average annual percentage change of
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0.8 (Table 1). The ASDR due to MS in Iran increased
from 23.7 (18.9 to 29.8) per 100,000 population in 1990
to 29.1 (23.6 to 34.7) in 2017, with an average annual
percentage change of 0.7. The females to male’s ratio
of ASDR was 1.6 in both 1990 and 2017 (Table 1). The
evaluation of the DALYs rate age trend showed that an
upward trend began at the age of 20 with a relatively
steep slope and continued to peak until the age of 45.
Afterwards, it declined by a slight downward slope and
from the age of 55 it began to decline and continued

so until death (Fig. 1). The MS related ASMR in Iran
increased from 0.3 (0.2 to 0.4) per 100,000 popula-
tion in 1990 to 0.4 (0.3 to 0.4) in 2017, with an aver-
age annual percentage change of 0.9 (Table 1). From
the age of 20 to 55, mortality rate was always higher
among females. However, the mortality rate in people
over 55years of age was higher among males (Fig. 3).
ASMR and ASDR were respectively 1.3 and 1.7 times
greater than the level expected in 2017 given the SDI
level (Table 3).
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Table 2 Decomposition analysis of factors affecting number of
incident cases of Multiple Sclerosis during 1990 to 2017, Iran

Sex % 1990-2017 incident case change Overall change
cause
Population  Age Incidence
growth structure rate change
change
Both 42.0% 26.2% 34.1% 102.3%
Male 414% 38.2% 24.2% 103.8%
Female  42.7% 18.9% 40.0% 101.6%

The ASIRs of MS attributable to smoking were 2.4 and
2.5 per 100,000 people in 1990 and 2017, respectively. Its
male-to-female ratio was 3.0 in 1990 and 3.1 in 2017.

Discussion
The results of this study showed that the age-standard-
ized rates of all estimates for MS in 2017 were higher
than in 1990. In addition, from the beginning to the end
of the study all of the estimates were higher in women.
Moreover, the highest incidence rate was among the
25—29years age group while the highest DALY rate was
among 45—-49year olds.

This study shows that the incidence and prevalence
and DALY rates have increased in the last 10years. A
review study by Heydarpour et al. was conducted on

population-based researches in the Middle East and
North Africa. It indicated an upward trend in the prev-
alence of the disease in Tehran from 2008 to 2011 and
also showed a rising incidence trend in Tehran in the last
two decades. The ASIR of MS in Tehran increased from
0.68 in 1989 to 5.68 in 2005 [12]. In addition to Tehran,
population-based studies in Isfahan revealed a general
increase in the incidence and prevalence of the disease
in the last decade, where ASPR increased from 35.5 per
100,000 people in 2006 to 85.8 in 2013 [12]. This finding
was consistent with our study’s findings. On the other
hand, a study by Mansouri et al. divided the whole world
into seven major geographic regions and examined the
incidence and prevalence of MS in these areas. Their
results indicated that the incidence and prevalence trends
of MS had decreased in 5 of the regions, which included
Iran and the Middle East. Latin America and the Carib-
bean were the only 2 regions that showed increasing
trends of incidence and prevalence in recent years. Lack
of vitamin D intake and genetic risk factors have been
cited as the possible causes of this increasing trend [6]. A
longitudinal study from 2001 to 2013 evaluating the prev-
alence and trends of vitamin D deficiency in Iran showed
that although the prevalence of vitamin D inadequacy
(deficiency and insufficiency) decreased. The prevalence
of vitamin D deficiency and insufficiency was still high in
2001, 2007, and 2013 (62.0, 57.9, and 53.9%). Mentioned
rates of vitamin D inadequacy could be an essential cause
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of increasing trends of MS rates in Iran [20]. Since Hey-
darpour’s study reported the results of population-based
studies, it has more reliable results compared to Man-
souri’s study, which in order to estimate measures was
based on modeling. This review study showed the highest
ASPR to be in Tehran and Isfahan with 50.4 and 31.5 per
100,000 people, respectively [12]. A study by Eskandarieh
et al. examined the status of MS in southern, eastern and
Southeast Asia. It revealed that some Asian countries,
including Iran and Japan, had reported an increasing
prevalence of MS in the last decade. For instance, accord-
ing to the Iranian Ministry of Health’s report, the preva-
lence of MS in 2011 in Iran was 45 per 100,000 people
and 54.5 in 2013 [21]. In our study in 2017, this number
had increased to 69.5 per 100,000 population.

One of the possible causes of this upward trend is the
shift to a western lifestyle, smoking, UV-protection and
low levels of vitamin D [12]. Other causes of the increas-
ing incidence and prevalence trends of MS can be the
unwanted side effects of increased health and the devel-
opment of health facilities that have been developed
under the heading of “hygiene theory”. The theory states
that by increasing health, vaccination and the use of anti-
biotics in developed countries during the past decades,
the immune system has changed improperly and people
are now prone to autoimmune diseases [6]. In addition
to the hygiene theory, the increasing number of diagnos-
tic tools in recent years can lead to an increase in ASIR.
The first MRI device arrived in Iran in 1990, after which
the number of these devices slowly increased until 1995.
And since 1999, the number of these devices has mul-
tiplied. In 2005 there were 93 devices in Iran, and the
number of MRI devices per one million population was
1.93 in 2005 and 3.5 in 2016 [22, 23]. Furthermore, timely
and advanced health care in developed countries can
lead to an increase in the survival of patients and thus
an increase in the ASPR of the disease [4, 6]. The Global
Atlas of MS has shown that access to specialist services in
low-income countries is 0.03 per 100,000 population and
3.6 in high-income countries. The number of Magnetic
Resonance Imaging devices available in the world is 0.42
per 100,000 people. This number is 1.6 in high-income
countries, 0.4 in lower-middle-income countries and 0.01
in low-income countries [24]. So, we can state that more
diagnostic tools and facilities can increase the chance of
MS detection.

In our study, the female-to-male ratios of ASIR and
ASPR in 2017 were 1.9 and 2.1, respectively. This find-
ing was in line with other studies conducted in Den-
mark, France, Australia and Norway, which also
revealed an increase in the incidence and prevalence
rates among females [3]. The searches conducted in
the study by Tolou-ghamari et al., who examined the
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geo-epidemiological differences in MS in Iran and other
Middle Eastern countries, showed that the epidemiol-
ogy of this disease was changing and its incidence among
the female population in recent years had doubled [25].
These findings are in line with our study’s findings. The
environmental factors that are likely to contribute to the
increased incidence of MS in women include increased
cigarette smoking among women, changes in lactation
patterns, increased obesity, increased gestational age, use
of oral contraceptives, decreased physical activity, and
increased stress [3, 4].

In our study, the 25-29years age group had the high-
est incidence rates, and in the study by Eskandarieh et al.,
the highest prevalence rate was among 24—29year-olds.
These findings are consistent with our study’s findings
[11]. The GBD 2017 study showed that the DALYs rate
was highest in the sixth decade of life [15]; since it usu-
ally affects people from an early age and survival has also
increased among these patients, leading to an increase
in DALYs rate. In our study, ASDR reached its highest
level in the late fifties, followed by a downward trend
until the end of the patients’ lives. The DALY’s trend for
MS has a different pattern from other neurological dis-
eases. Although the incidence rate of MS is very low, it
causes a lot of DALYs because it occurs at an early age
[26]. New changes in the sex, race, and nationality of MS
patients suggest the role of environmental factors in the
development of this disease. The most important risk fac-
tors include infection with the Epstein bar virus, which
starts from the stomach and spreads to the brain. Other
risk factors include smoking, lack of sunlight, diet, obe-
sity and gastric microorganisms. More than 200 alleles
in the human genome have been identified as risk factors
for MS and that genetics is a known risk factor for this
disease [27].

This study had several strengths and limitations. One
strength was that we used several databases including
MS registry and death registry system’s data, then we
used modeling methods for filling the gaps and calculat-
ing uncertainty, so we could cover the incompleteness of
registry systems. One of the limitations of this study was
the lack of categorization of results based on the differ-
ent clinical courses of multiple sclerosis, which is due to
the incompleteness of current registry systems. Based on
clinical courses of the disease, MS is classified into four
different types [28].

Conclusion

In conclusion, the results of this study showed that during
the study period, all MS age-standardized rates in Iran
had been increasing. In addition, the sex ratio in all meas-
ures had always been higher among females. The geo-
graphical distribution of all MS measures also followed
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a specific pattern, with the highest rates observed in the
north and northwestern regions of the country, and the
lowest rates observed in the east, south and southeastern
parts of the country. Our findings can help policymak-
ers and health planners to design and communicate their
plans and have a better resource allocation at provincial
levels, depending on the incidence and prevalence of the
growing numbers of MS patients in Iran.
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