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 Background & Objective:  Stroke is the second leading cause of mortality and the 
third leading cause of morbidity worldwide. This study aimed to examine the 
spatial-temporal distribution of stroke in rural districts, Zanjan Province, Iran. 

 Materials & Methods:  This cross-sectional study was conducted at Zanjan 
University of Medical Sciences (ZUMS). Patients with a discharge diagnosis of stroke 
(the ICD-10 code of I64), hospitalized during 2012-2019 at ZUMS hospitals, were 
selected as the study sample. Spatial statistical tools, autocorrelation Moran’s I, high-
low clustering analysis, and hot spot analysis were used for spatial data analysis. 
ArcGIS 10.7, R 3.6.0, and RStudio 1.2.1335 software packages were used to analyze 
the data.  

Results:  During 2012-2019, 8404 stroke cases were hospitalized at ZUMS hospitals, 
with an incidence of 697 patients per 100 000 people. Men had a higher rate of stroke 
incidence (52.06%) compared with women (47.94%). The mean age of patients was 
69.3±14.7 years; the mean length of stay was 158.8±270 hours. In the study area, 4 
significantly hot spot areas and 4 low-high outliers of stroke were found. 

Conclusion:  This study showed a high incidence of stroke in Zanjan Province, Iran, 
from 2012 to 2019. Identifying high-risk areas of stroke is a warning to healthcare 
authorities and policymakers to focus on major risk factors. It can help to figure out 
the possible causes of stroke and implement prevention programs to reduce stroke 
incidence in these areas. 
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Introduction
Stroke is the second leading cause of mortality and the 

third leading cause of morbidity worldwide (1). Stroke is 
the main cause of 5.5 million deaths globally, of which 
70% of them occur in developing countries (2). The 
World Health Organization (WHO) defined stroke as 
“rapidly developing clinical signs of focal (or global) 
disturbance of cerebral function, with symptoms lasting 
24 hours or longer or leading to death, with no apparent 
cause other than of vascular origin” (3). 

The rate of stroke mortality in Iran is higher than in 
other countries (4). High treatment costs, rehabilitation, 
and disability are the most important complications of 
stroke; they impose high annual costs to families and the 
healthcare system (5). 

Previous studies have shown that the incidence of 
stroke is different in various geographical regions due to 
risk factors, such as age, sex, and ethnicity (6, 7). There 
are many risk factors that affect the incidence of stroke; 
they are classified as biological, physiological, lifestyle 

behaviors, and physical inactivity, as well as social and 
environmental factors (8). 

The incidence of stroke is higher in urban areas than in 
rural areas, and it increases by changing epidemiological 
factors and growing elderly population (9). Identifying the 
main risk factors and implementing preventive programs 
are the main priorities of the healthcare system to reduce 
stroke incidence (10).  

The famous phrase, “Time is Brain,” confirms the 
importance of diagnosis and treatment of stroke in 
emergency situations without wasting time. When the 
stroke progresses, more brain neurons will be destroyed, 
and more disability will be resulted (11). The spatial 
analysis of stroke can recognize the spatial clusters and 
high-risk areas of stroke; it clarifies the relationships 
between environmental factors and the incidence of stroke 
in different areas (12). Identifying these areas allows 
healthcare authorities to plan appropriate intervention 
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programs and distribute resources fairly to reduce or 
prevent the incidence of stroke. 

Digitalized maps can increase the quality of decision-
making and provide 80% of the information, which 
decision-makers and policymakers need about 
geographical locations. Geographic information system 
(GIS) technology can improve the quality of information 
and facilitate the decision-making processes in health 
settings. GIS can be used for gathering, storing, 
examining, analyzing, and illustrating geographically 
referenced information (7, 13). 

Spatial autocorrelation is one of the GIS tools and a 
method of exploratory spatial data analysis; it allows to 
detect spatial dependencies or autocorrelations in spatial 
data (14). There are two main aspects regarding stroke, 
i.e., (i) treatment and rehabilitation and (ii) the prevention 
of stroke incidence (1, 4, 8). Identifying risk factors and 
geographical distribution of stroke is essential to assess 
stroke incidence in different areas (1, 6, 9, 10, 13, 14).  

The GIS of stroke generates new knowledge on the 
spatial variations of stroke, which helps to make decisions 
about prevention and screening strategies in high-risk 
areas (12). The reports of stroke occurrence in the 
province of Zanjan, Iran, were not comprehensive. Zanjan 
Province is located in the northwest of Iran. It has 8 city 
districts, and its center is Zanjan City. Its population is 
1 057 461 and covers an area of 291.27 km2 (15). Thus, 
this study aimed to explore the spatial-temporal variations 
of stroke incidence in Zanjan Province, Iran, in urban and 
rural  districts during 2012-2019.  

 

Materials and Methods 
This descriptive-analytical study was conducted at 

Zanjan University of Medical Sciences (ZUMS). Study 
data included patients’ admission’s code, national code, 
residential addresses, ICD-10 discharge diagnosis, 
admission’s date and length of stay; they were collected 
from 9 hospital information system (HIS) databases. 
Patients with the ICD-10 discharge diagnosis code of I64 
(stroke, not specified as hemorrhage or infarction) were 
selected as a study sample; they were hospitalized at 
ZUMS hospitals during 2012-2019.  

Spatial statistical tools, Anselin Moran’s I, high-low 
clustering analysis, and hot spot analysis were used for 
spatial data analysis. The longitude and latitude points of 
the patients’ residence addresses were obtained using 
Google Maps within a radius of 0.5 km around their 
homes. The population of towns and villages was 
obtained from the Statistics Center of Iran. The stroke 
incidence rate for each urban and rural district was 
computed by dividing stroke cases in each district by its 
population multiplied by 100 000. In this research, urban 
and rural district boundary defined as the study area; 
Zanjan Province has 8 urban and 48 rural districts.  

Anselin Moran’s I statistical autocorrelation tool was 
used to demonstrate the pattern of stroke distribution. It 
examines the spatial autocorrelation based on the location 

of two values and desired geographical features. The 
results of this analysis determine the distribution pattern 
of stroke, which is random, dispersed, or clustered. If the 
Moran index value is close to positive one (+1), the data 
has a spatial autocorrelation and their distribution pattern 
is clustered; if the Moran value is close to negative one (-
1), the distribution pattern of stroke is dispersed (Figure 
1).  

 

 
Figure 1. Anselin Moran’s I analysis on stroke incidence in 
Zanjan Province, Iran during 2012-2019 

 

The hot spot analysis calculates the Getis-Ord general 
G statistic for all data. This tool detects high-volume side 
effects (hot spots) and low-volume side effects (cold 
spots) in a set of weighted data. Hot-spot areas are 
statistically significant if the areas and their 
neighborhoods have a high value of stroke incidence rate. 
Cold-spot areas are statistically significant if the areas and 
their neighborhoods have a low value of stroke incidence 
rate.  

High-high and low-low clustered regions show that 
target regions and their neighborhood areas have similar 
stroke incidence rates. In other words, high-high areas 
illustrate high-risk areas of stroke, while low-low regions 
show low-risk areas of stroke. High-low and low-high 
areas demonstrate the outliers of stroke incidence. 

The cluster and outlier analysis was used to confirm and 
complement the hot-spot analysis; it allows to identify 
both groupings and areas where anomalies exist. 
Therefore, its results show aspects that may be ignored in 
the hot-spot analysis but are important, especially in those 
areas where different types of groupings coexist. This tool 
determined spatial clusters of regions with high or low 
stroke as well as spatial outliers. 

Spatial analysis was accomplished using ArcMap 10.7. 
(ArcGIS, ESRI, Inc., Redlands, California, USA) 
Descriptive analysis was performed using R 3.6.0 (R Core 
Team, Vienna, Austria) and RStudio 1.2.1335 (RStudio 
Team, Boston, MA, USA). The chi-square statistic was 
used for examining the relationships between categorical 
variables. This study was approved by the Ethics 
Committee of ZUMS (Code IR.ZUMS.REC.1398.056).  
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Results  
Among a total of 8974 registered stroke cases, 

patients from other provinces or with incomplete 
residential addresses were excluded (570 cases); 
among these, 8404 cases were confirmed with the 
occurrence of 697 cases per 100 000 people. The 
incidence of stroke was higher in men (52.06%) than in 

women (47.94%). The mean age of stroke patients was 
69.3±14.7 years, and the mean length of stay was 
158.8±270 hours.  

The highest incidence of stroke rate was in Ijrood City 
with 916 cases per 100 000 people; the lowest incidence 
was in Abhar City with 347 cases per 100 000 people 
(Table 1).  

 

Table 1. Stroke incidence rates by city in Zanjan province, Iran, from 2012–2019 

County Population Total 
N (%) 

Women 
N (%) 

Men 
N (%) 

Per 
100,000 

Age 
AVG±SD 

LOS 
AVG±SD 

Zanjan 584159 5281 (62.8) 2548 (48.25) 2733 (51.75) 904 68.1 ± 15.5 142.8 ± 232.2 

Abhar 167824 582 (6.9) 253 (43.47) 329 (56.53) 347 68.9 ± 15.6 148.1 ± 248.7 

Khoramdareh 77443 294 (3.5) 149 (50.68) 145 (49.32) 379 68.9 ± 14.8 160.2 ± 586.3 

Khodabandeh 195741 973 (11.6) 477 (49.02) 496 (50.98) 497 68.2 ± 14.2 174.2 ± 250.5 

Soltanieh 35118 232 (2.8) 108 (46.55) 124 (53.45) 661 71.5 ± 14.4 161.1 ± 189.5 

Tarom 54656 329 (3.9) 161 (48.94) 168 (51.06) 602 70.6 ± 14.5 161.7 ± 187.6 

Ijrood 43795 401 (4.8) 191 (47.63) 210 (52.37) 916 69.2 ± 15 154.1 ± 217.1 

Mahneshan 46484 312 (3.7) 142 (45.51) 170 (54.49) 671 69.1 ± 13.7 168.4 ± 247.8 

Total 1205220 8404 (100.0) 4029 (47.94) 4375 (52.06) 697 69.3 ± 14.7 158.8 ± 270 

The GIS of stroke showed that the incidence of 
stroke was more prevalent in the northern and central 
cities of the study area (Figure 1). The occurrence rate 
per 100 000 people was increased in all rural districts 
during 2012-2019 (Figure 2). Age distribution of stroke 
showed that the age group of 50-60 years and older 
were the higher risk age group for stroke incidence 
(P<0.0001; see Figure 3). The results of the temporal 
analysis showed that the incidence of stroke rate 
increased significantly from 409 cases in 2012 to 1750 
cases in 2019 per 100 000 people in Zanjan Province; 
the mean length of stay of stroke decreased from 165.5 
hours in 2012 to 120.8 hours in 2019 (Figure 3). 

According to the numerical output of Anselin 
Moran’s statistical analysis, the distribution of stroke 
incidence was not in the confidence range; it was not 
statistically significant (Moran’s index: -0.045774). 
Therefore, there was no spatial autocorrelation 
between the patterns of stroke distribution; it was 
random (Figure 1). 

Figure 4 reveals the hot-spot analysis of stroke 
distribution. The red areas indicate large amounts of Z-
value in the hot-spot analysis; the small and negative 
Z-values make the blue areas (cold spots). It showed 
that there were significantly 4 hot spots in Taham, 
Gilvan, Qarabolaq, and Gozaldareh rural districts. 
However, there was not any significant cold spot in the 
study area. 

The spatial cluster analysis of strokes showed that 
there was 1 significant low-low outlier of stroke 
incidence in the Anguran rural district. Further, there 
were also 4 significant low-high outliers of stroke 
incidence in the eastern and central cities of the study 
area (Figure 5). 
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Figure 2. Geographical distribution of stroke patients at county level in Zanjan Province, Iran during 2012-2019 

 

 

 
Figure 3. Geographical distribution of stroke patients at the rural district level during 2012-2019 in Zanjan Province, Iran 
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Figure 4. The incidence rate per 100,000, age distribution and the mean LOS of stroke in Zanjan province, Iran during 
2012-2019 

 

 
Figure 5. Hotspot and High-Low clustering analysis of stroke in rural district level in Zanjan province, Iran during 
2012-2019 

 
 

 

 



268   Geographic Information System of Stroke 

       Volume 29, September & October 2021       Journal of Advances in Medical and Biomedical Research 

Discussion  
This study was the first geospatial and temporal 

analysis of stroke incidence, conducted in Zanjan 
Province, Iran. The results of this study showed that the 
incidence of stroke rate was higher in men than in 
women, which is consistent with the results of studies 
conducted in Europe (16), the United States (17), and 
Arab countries (18). These differences may be due to 
the physiological differences between the two genders.  

Aging is the most important risk factor; the incidence 
of stroke almost doubles after the age of 55 (17). In this 
study, the incidence of stroke was lower in patients 
under 50 years old, but it increased in the sixth and 
seventh decades of life (Figure 3). However, it was 
higher in the ninth decade of life in Europe (16) and the 
USA (17), which is inconsistent with the results of this 
study. Previous studies have shown that the incidence 
of stroke was higher in the urban population than in the 
rural population (9); it was consistent with the result of 
this study. The greatest incidence rate of stroke was in 
Zanjan and Ijrood Cities. 

Various risk factors involved in stroke, such as 
biological, physiological, lifestyle behaviors, and 
physical inactivity, as well as social and environmental 
factors (5, 8). Different climates and seasons also affect 
the geographical variation of stroke incidence. The 
highest incidence of stroke was in the fall season 
(33%), while the lowest was in the summer (P<0.0001) 
(19). According to the results, for reducing the 
incidence of stroke rate, this study recommended two 
approaches as follows: (i) defining and monitoring the 
major risk factors in high-risk areas and (ii) monitoring 
these risk factors in people over the age of 50. 

Spatial analysis of stroke distribution plays a crucial 
role in visualizing and predicting the spatial variation 
of stroke patterns in different areas. There are two 
important types of spatial statistic tools for identifying 
geographic changes in stroke incidence rates. Global 
methods are more sensitive to the null hypothesis; they 
can illustrate spatial structures but are not able to 
identify the clusters’ situation. Local cluster statistics 
quantify spatial autocorrelation and clustering at the 
small area level  (13, 20).  

As the aim of this study was to examine the spatial-
temporal variations of stroke incidence in Zanjan 
Province (Iran) and also identify the spatial clusters of 
stroke incidence in rural district levels, Anselin Local 
Moran’s I was an appropriate statistical tool; it was 
used to analyze the local clustering of stroke in this 
study. 

The hot-spot analysis tools recognize statistically 
significant spatial clusters of high values (hot spots) 
and low values (cold spots) (20). The distribution of 
stroke incidence patterns in the province of Zanjan was 
random; there were just 4 hot spot areas in this study. 
The results of high-low clustering analysis also 
confirmed the results of Anselin Moran's I statistic; 
also, there were just 4 outliers of stroke incidence in the 

study area. The results of a study conducted in the USA 
showed significant spatial clustering at the 
neighborhood level of cities, both in and outside of the 
stroke belt and also within all areas with above 1 
million occupants; this finding is inconsistent with the 
results of this study (12).  

Many reasons, such as environmental factors, 
demographics, economic and social status, health 
literacy, availability of medical centers, etc., play a role 
in creating stroke’s spatial clusters (6, 9, 12). Although 
stroke has been recognized as a time-sensitive 
condition (which needs immediate therapeutic 
interventions), significant barriers still remain in rapid 
and effective treatment (21). Knowledge about the 
spatial distribution of stroke can help the emergency 
departments and healthcare authorities to identify high-
risk areas to optimize the deployment of emergency 
resources to reduce stroke incidence. It is 
recommended to use the results of this study in future 
works to identify and monitor important risk factors of 
stroke and optimize the deployment of emergency 
resources at high-risk areas.  

 

Limitations 
This research had some limitations. First, this study 

was defined by stroke patients admitted to the ZUMS 
hospitals in the province of Zanjan, Iran. Thus, the 
patients may not be representative of all stroke patients 
in Zanjan hospitals. The patients of two social security 
organizations’ hospitals (such as Tamin Ejtemaee) did 
not include in the study. Another limitation was the use 
of census population data as the dominant method for 
calculating stroke rates. The population census is 
conducted every 5 years in Iran. Due to the absence of 
an annual population census, this study used the census 
data of 2011-2016; by increasing the number of births 
and reducing the number of deaths per year, the 
population of each year (2012-2019) was estimated. 

 

Conclusion 
The results of this study showed that the incidence of 

stroke rate increased in recent years in Zanjan 
Province, Iran. There was no spatial autocorrelation 
between the incidence of stroke and its distribution; it 
was random, while several regions in the center and 
west of the study area were identified as stroke high-
risk areas. Identifying high-risk areas of stroke is a 
warning to the healthcare authorities and policymakers 
to focus on major risk factors; it helps them to figure 
out the possible causes of stroke and implement 
prevention programs to reduce stroke incidence rate in 
these areas. 
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