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Objectives: The aim of this study was to calculate the burden of stroke in Kurdistan Province, Iran between 2011 and 2017.

Methods: Incidence data extracted from the hospital information system of Kurdistan Province and death data extracted from the 

system of registration and classification of causes of death were used in a cross-sectional study. The World Health Organization method 

was used to calculate disability-adjusted life years (DALYs).

Results: The burden of stroke increased from 2453.44 DALYs in 2011 to 5269.68 in 2017, the years of life lost increased from 2381.57 in 

2011 to 5109.68 in 2017, and the years of healthy life lost due to disability increased from 71.87 in 2011 to 159.99 in 2017. The DALYs of 

ischaemic stroke exceeded those of haemorrhagic stroke. The burden of disease, new cases, and deaths doubled during the study pe-

riod. The age-standardised incidence rate of ischaemic stroke and haemorrhagic stroke in 2017 was 21.72 and 20.72 per 100 000 pop-

ulation, respectively.

Conclusions: The burden of stroke is increasing in Kurdistan Province. Since health services in Iran are based on treatment, steps are 

needed to revise the current treatment services for stroke and to improve the quality of services. Policy-makers and managers of the 

health system need to plan to reduce the known risk factors for stroke in the community. In addition to preventive interventions, effi-

cient and up-to-date interventions are recommended for the rapid diagnosis and treatment of stroke patients in hospitals. Along with 

therapeutic interventions, preventive interventions can help reduce the stroke burden.
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INTRODUCTION 

Stroke is a major public health problem that represents a 
significant proportion of the global burden of disease [1]. More 
than 13.7 million new cases of stroke were estimated world-
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wide in 2016 [2]. Stroke was also the second leading global 
cause of death in the same year, after ischaemic heart disease 
[3]. More than 80% of stroke-induced deaths occur in develop-
ing countries [4]. Although preventive strategies have reduced 
the burden of stroke [5], the December 2017 report of the Unit-
ed Nations General Assembly argued that the decline in the 
burden of non-communicable diseases, including neurologi-
cal disorders, has not been enough to achieve the Sustainable 
Development Goals by 2030. Based on age-standardised dis-
ability-adjusted life years (DALYs), stroke burden decreased 
from 1990 to 2016; however, the absolute number of strokes 
increased in the same period. This increase is mostly due to the 
aging and growing population [3]. Stroke in Iran creates a heavy 
burden of disease. In 2016, there were an estimated 82 516 new 
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cases of stroke and 28 786 stroke-induced deaths in Iran [3]. 
Some studies in provinces of Iran have shown burden of dis-
ease for stroke. Ghandehari et al. [6] estimated the incidence 
of stroke in Khorasan Province between 2001 and 2005 to be 
43.12 per 100 000 people annually. Ahangar et al. [7] found 
that the incidence of stroke in Babol between 2001 and 2003 
was 50 per 100 000. The ultimate goal of estimating the bur-
den of diseases is to provide highly objective evidence re-
quired for policy-making [8]. There have not been many stud-
ies aiming to calculate the burden of stroke in Iran in recent 
years. However, one study used modelling to estimate the na-
tion-wide burden of stroke in 2003 in Iran [9]. Many studies 
conducted throughout the world have used modelling to esti-
mate the burden of stroke, although this method has limita-
tions [10,11]. The distinctive feature of this study is that it used 
data from stroke and death registration systems, unlike many 
modelling-based studies of disease-specific DALYs for which 
researchers did not have access to data from disease and mor-
tality registration systems. Model-based estimates are not as 
accurate as estimates made using registration systems. In addi-
tion, in this study, DALYs were calculated separately for isch-
aemic and haemorrhagic stroke. The stroke registration system 
in Iran was launched after 2011 in hospitals. Everyone who ex-
periences a stroke usually goes to the hospital, so the system 
records almost all stroke cases. Since the data of the registra-
tion systems were available from 2011 onward and no study in 
Kurdistan Province—and even Iran more broadly—has calcu-
lated the burden of this disease in recent years separately for 
haemorrhagic and ischaemic stroke using data from stroke and 
death registration systems, the present study was conducted 
to calculate the burden of stroke in Kurdistan Province. The 
findings can provide accurate knowledge about the burden of 
this disease in a sample of the Iranian population.

METHODS

This cross-sectional study was conducted in 2019 in all age 
groups in Kurdistan Province based on the population data of 
the province between 2011 and 2017. Kurdistan Province is a 
mountainous provinces in the west of Iran at the Iran-Iraq bor-
der. The population of the province was 1 600 000 in 2016, in-
cluding 149 000 older adults. This number is rising. Most of the 
residents of the province are of Kurdish ethnicity with unique 
culture and customs. The disease burden was calculated using 
the global disease burden calculation method and DALYs, which 

are calculated using the sum of the years of life lost due to pre-
mature mortality (YLL) and the years of healthy life lost due to 
disability (YLD). One DALY is the equivalent of 1 year of life that 
should be spent in health, but is lost either due to premature 
death or disability due to illness or injury. The higher the figure, 
the worse the disease is or the less likely that it is controlled by 
the health system [12]. Few studies have calculated DALYs sep-
arately for haemorrhagic and ischaemic stroke. In addition, to 
the best of our knowledge, this study is the first study to calcu-
late the burden of stroke over a period of 7 years in Iran using 
the stroke and death registration systems. YLD was calculated 
as the product of stroke incidence and disability weight con-
sidering the course of the disease. To calculate YLL due to pre-
mature mortality, the number of people who died due to stroke 
was multiplied by the life expectancy of the age group. In this 
study, DALYs were calculated according to sex, 8 age groups 
(0-4, 5-14, 15-29, 30-44, 45-59, 60-69, 70-79, and ≥80 years), 
and the year of stroke incidence. The incidence of stroke and 
death was calculated separately for ischaemic and haemorrhagic 
strokes according to International Statistical Classification of 
Diseases and Related Health Problems-10th revision (ICD-10) 
codes, as follows: ischaemic stroke: G45-G46.8, I63-I63.9, I65-
I66.9, I67.2-I67.3, I67.5-I67.6, I69.3. and haemorrhagic stroke: 
I60-I62.9, I67.0-I67.1, I68.1-I68.2, I69.0-I69.2. 

The annual crude incidence of ischaemic stroke was calcu-
lated as follows: A/B×100 000=16.57, where A is the number 
of new cases of ischaemic stroke per year (1856/7=265.14) 
and B is the population of Kurdistan (1 600 000). To calculate 
the crude incidence of stroke, the number of strokes was di-
vided by the total population in the province in that year and 
reported per 100 000 individuals. To calculate the crude death 
rate, the total number of deaths was divided by the total pop-
ulation of the province in that year. The age-standardised inci-
dence rate (ASIR) was also calculated based on the standard 
population. Specific disability weights for age groups were 
used in this study, as 0.258 for the 60+ age group and 0.224 
for all other age groups [13]. Data on the incidence of stroke 
were obtained from hospitals, where stroke patients need 
specialised care due to the severity of the condition. As a re-
sult, the stroke registration system is hospital-based in most 
countries A hospital-based stroke registration system has been 
implemented in Iran, including Kurdistan Province, since 2011. 
In the Iranian health system, patients who present to the hos-
pital with suspected symptoms of stroke are examined by a 
general practitioner or emergency physician and then referred 
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to a neurologist. After confirmation by a neurologist, the type 
of disorder is classified in terms of ICD-10 codes and registered 
in the stroke registration system. The population of Kurdistan 
Province in each year was extracted separately from the web-
site of the Statistics Centre of Iran, and the data covered all the 
inhabitants of the province. The mortality data were extracted 
from the Registration and Classification System of the Causes 
of Death. Iran has a death registration system to record deaths 
and causes of death. Therefore, the stroke and death registra-
tion systems of Kurdistan Province were the most important 
data sources for this study. However, in the final data, duplicates 
were removed based on ICD-10 codes and year of admission. 
The 2 components of the DALY index were calculated based 
on the following formula:

DALY=YLL+YLD 
YLL=N×L 
YLD= I×DW×D 

Where N is the number of deaths, L is life expectancy, I is inci-
dence, D is disease period, and DW is the disability weight.

Ethics Statement
The Ethics Committee of Kurdistan University of Medical Sci-

ences (IR.MUK.REC.1397/203) approved this study.

RESULTS

The incidence of new cases and deaths in both men and 
women doubled by 2017 compared to 2011 (Table 1). The 
burden of stroke increased from 2453.44 DALYs in 2011 to 
5269.68 DALYs in 2017. The YLL and YLD for ischaemic stroke 
were 18 867.62 and 460.13, respectively, while those figures 
for haemorrhagic stroke were 7918.60 and 615.40, respective-
ly. The DALYs of ischaemic stroke exceeded those of haemor-
rhagic stroke. The DALYs of stroke were higher in men than in 
women. In both types of stroke, YLL surpassed YLD (Figure 1). 
The ASIR of ischaemic stroke in men and women was 22.81 
and 20.63 per 100 000 population, respectively. The ASIR of 
haemorrhagic stroke in men and women was 24.20 and 17.46 
per 100 000 population, respectively (Table 2). The burden of 
disease for ischaemic stroke increased with age, with the high-
est burden observed in the age group over 80 years. For 
haemorrhagic stroke, the highest burden was seen in the age 
group of 45-59 years; in the age groups above this category, 
the burden decreased, most likely due to the high mortality 
rate of this condition (Figure 2). Ta
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DISCUSSION

To the best of our knowledge, this is the first study to calcu-
late the burden of diseases in Iran over a 7-year period using 
data from the stroke and death registration systems. The num-
bers of YLLs and YLDs over this period were 26 786.22 (96.0%) 
and 1075.53 (4.0%), respectively; indicating a very high mor-
tality rate for stroke. The total DALYs for ischaemic and haem-

orrhagic stroke were 19 327.75 and 8534.00, respectively. 
Moreover, the total DALYs of stroke in men and women were 
16 145.63 and 11 716.13, respectively. Based on the results of 
the study, the burden of stroke has increased over time. 

The ASIR for ischaemic stroke was higher than that for haem-
orrhagic stroke, which is consistent with the results of various 
studies in recent years and is similar to the pattern observed in 
developed countries [14-17]. This is more evident compared to 
most African countries, where the ASIR for haemorrhagic stroke 
is higher than that for ischaemic stroke [18]. It seems that the 
increasing trend of stroke-induced DALYs in Kurdistan Province 
is due to the increase in life expectancy and population aging. 
Moreover, the burden of stroke was higher in men than in 
women, which is consistent with the results of various studies 
[2,18,19]. The number of YLLs was higher than that of YLDs, 
which is consistent with previously reported results [20,21]. 
This may be an indication of poor services in the emergency 
treatment and stroke care systems. Therefore, rapid identifica-
tion of patients and immediate interventions can reduce the 
number of deaths. At the same time, policy-makers and man-
agers of the health system should take the necessary measures 
to reduce the risk factors for stroke. Health systems in devel-

Table 2. Absolute numbers, crude incidence rate, and age-standardised incidence rate of stroke in Kurdistan Province, Iran dur-
ing 2011-2017 by subtypes and gender

Variables 
No. of absoulute Crude incidence rate (100 000 people)

New case Death DALY YLL YLD New case Death DALY YLL YLD ASIR

Ischaemic stroke

   Men 1036 887 10 916.39 10 654.79 261.59 64.75 55.43 682.27 665.92 16.34 22.81

   Women 820 753 8411.37 8212.83 198.53 51.25 47.06 525.68 513.30 12.40 20.63

   Subtotal 1856 1640 19 327.75 18 867.62 460.13 116.00 102.50 1207.98 1179.22 28.75 21.72

Haemorrhagic stroke

   Men 1428 311 5229.24 4885.24 344.00 89.25 19.43 326.82 305.32 215.00 24.20

   Women 1133 205 3304.76 3033.35 271.40 70.81 12.81 206.54 189.58 16.96 17.46

   Subtotal 2561 516 8534.00 7918.60 615.40 160.06 32.25 533.37 494.87 38.46 20.72

Total 4417 2156 27 861.76 26 786.22 1075.53 276.06 134.75 1741.31 1674.12 67.18 -

DALY, disability-adjusted life-year; YLL, years of life lost due to premature mortality; YLD, years of healthy life lost due to disability; ASIR, age-standardised inci-
dence rate in 2017.

Figure 2. Disability-adjusted life years of stroke subtypes by 
age group. 
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Figure 1. Disability-adjusted life years (DALYs) of stoke subtypes in Kurdistan Province from 2011 to 2017 (the red and green co-
lours indicate the highest and the lowest DALYs, respectively). 
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oped countries have created special wards in hospitals, called 
stroke units, for rapid treatment interventions for stroke that 
prevent dangerous complications. Moreover, the burden of 
stroke in the age groups under 40 years was low in Kurdistan 
Province and followed a pattern similar to that in other coun-
tries. As age increases, the mortality rate rises and consequent-
ly DALYs increase. This indicates that the age pattern of stroke 
in this study was similar to that of most countries of the world, 
with death from stroke before the age of 40 being rare. In our 
study, the annual crude incidence of ischaemic stroke was 
16.57 per 100 000 people, which is inconsistent with the re-
sults of the study of Ghandehari et al. [6] in Khorasan Razavi 
Province (43.17 per 100 000 people). This inconsistency may 
be due to differences in the quality of the stroke registration 
system, differences in age pattern, or differences in risk factors 
for the disease. In our study, the DALYs of stroke in 2016 were 
268 per 100 000 people, which is inconsistent with the nation-
al average in the same year (776 per 100 000). This may be due 
to differences in the prevalence of risk factors for stroke, differ-
ences in calculation methods, and differences in disease regis-
tration methods. The burden of stroke in Kurdistan Province in 
2017 was 5269.68 DALYs. Compared to the results of a study 
by Johnston et al. [11] in the same year in 193 countries, the 
burden of stroke of Kurdistan Province was higher than that in 
23 countries, including countries in Southeast Asia, Western Eu-
rope, the Caribbean, and Oceania [3]. One of the reasons for 
this is the population growth and aging in Kurdistan Province. 
The burden of ischaemic stroke in 2017 was 336 DALYs per  
100 000 people, which based on the results of Krishnamurthi 
et al. [22], is consistent with that of Bahrain (301) and the Unit-
ed States (295) and inconsistent with that of Iraq (991), Jordan 
(881), Kazakhstan (1339), Kuwait (731), Lebanon (470), Paki-
stan (548), and Turkey (876). The reasons for this inconsistency 
can be attributed to an increase in life expectancy [13], an in-
creasing trend in population aging [23], a decrease in the age 
of stroke [24], better pre-hospital and nursing services, and 
better post-stroke care, which have led to an increase in the 
number of YLDs and eventually DALYs. In more developed coun-
tries and cities, immediate deaths and complications are pre-
vented by creating stroke units and performing immediate in-
terventions. These interventions reduce immediate mortality. 

Given that the causes of stroke are hypertension and smoking 
[21,25-28] and considering that the prevalence of hypertension 
and smoking in Kurdistan Province is higher than the national 
average (the WHO STEPwise approach to surveillance [STEPS] 

2016), the burden of stroke in Kurdistan Province seems under-
estimate. Population-based stroke registration programs can 
help making better estimates. Since stroke is the second lead-
ing cause of death worldwide, and the burden of stroke increased 
during the study period, policy-makers should consider the 
burden of stroke and steps should be taken to provide appro-
priate facilities for prevention, rapid treatment, and rehabilita-
tion. The high prevalence of key risk factors for stroke such as 
smoking, hypertension, lack of proper physical activity, increased 
life expectancy, and population aging has contributed to the 
increased stroke burden in Kurdistan Province. Health policy-
makers and managers must plan to reduce these risk factors in 
the general population. In addition to preventive interventions, 
essential and up-to-date interventions are recommended for 
the rapid diagnosis and treatment of stroke in hospitals. 

The solution for reducing the death rate and severe disabili-
ties caused by stroke is to increase access to fast and up-to-
date diagnostic and treatment services. In addition, proper re-
habilitation of improved patients can help reduce DALYs by re-
ducing the severity of complications. One of the limitations of 
this study is the quality of stroke registration system data. As 
the data from the early years of the study period coincide with 
the beginning of the integration of this stroke registration sys-
tem, the data may have been affected by underestimation 
bias, especially in the early years. 

In conclusion, the burden of stroke is increasing in Kurdistan 
Province. Given that health services in Iran are based on treat-
ment, steps must be taken to revise the current treatment ser-
vices for stroke and to improve the quality of services. Policy-
makers and managers of the health system must introduce 
plans to reduce the known risk factors of this disease in the 
community. In addition to preventive interventions, essential 
and up-to-date interventions are recommended for the rapid 
diagnosis and treatment of stroke in hospitals. Along with 
therapeutic interventions, stroke prevention interventions can 
help reduce the DALYs lost due to stroke.
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