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R i G R 0) [N hypertension is one of the most common global health
problems and the leading cause of premature mortality worldwide. This study aims

to investigate the epidemiological characteristic and the spatial-temporal variations
of the admission rate of hypertension in Zanjan province, Iran, during 2014-2019.

Data were obtained from nine health information system
(HIS) databases. Univariate chi-square and T-test methods were used to test the
hypothesis, and binary logistic regression was used to model the probability of
admission due to hypertension.

Sixty-eight thousand eight hundred forty-three patients have been
hospitalized due to cardiovascular diseases in Zanjan province, Iran, and 5931 cases
had hypertension. The admission rate of hypertension was 555 cases per 100,000
which were higher in women than in males (755 cases vs. 357) (P<0.001). The highest
admission rate of hypertension was detected in the age group over 80 and in
Khoramdareh county, Zanjan province, Iran (P<0.001). The probability of admission
due to hypertension was increased by aging in all regions, which was higher among
women and in the Southeast study area.

This study shows the high admission rate of hypertension in Zanjan
province, Iran, from 2014-2019. It is a warning to policymakers and local health
authorities to increase their efforts to reduce the incidence of hypertension by
identifying the principal main risk factors and applying periodic screening programs
in high-risk, high areas.

Hypertension, Cardiovascular Diseases, Spatial Analysis, Geographic
Information Systems
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Introduction

High blood pressure or hypertension is one joint global
health problem, a risk factor, and the leading main cause
of premature deaths due to cardiovascular diseases
worldwide (1). In 2017, over ten multiple worldwide and
97,000 people in Iran lost their lives due to hypertension-
related illnesses and conditions (2). According to the
world health organization (WHO) report, the incidence
rate of hypertension (IRH) was significantly higher in
Eastern Mediterranean countries, ranging from 14.7% to
26.4% (3). IRH was 42.5% in Latin America (4), 20-33%
in Africa (5), 18-22% in the United States, and 25-30%
in the Far East (6). The lowest IRH was identified in some
rural areas in India (4-8%), while Poland had the highest
IRH with 72.5% in women and 68.9% in men (7). The
national survey in Iran showed that IRH was higher
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among people over 55 (49.5%), which tripled in the last
25 years. (8).

Iran is a large country with an 80 million population of
different  ethnicities, cultures, lifestyles, and
socioeconomic statuses. All of these factors play an
essential role in the development of hypertension in Iran.
The latest population census report in 2016 shows that
75% of people lived in urban areas in Iran, while only
25% of them resident in rural areas. Urbanization and a
sedentary lifestyle can expose people to cardiovascular
disease (CVD) risk factors, such as hypertension (2, 9).
The high IRH imposes considerable economic and social
costs on society. The most critical adjustable factors that
can modulate hypertension are high blood sugar, obesity,
high  cholesterol, sedentary lifestyle, alcohol
consumption, smoking, stress, and long-term use of oral
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contraceptive pills. The non-adjustable factors of
hypertension are age, sex, race, and genetic factors (2).
However, hypertension can be prevented by following
simple health instruments and changing lifestyles (9-12).

The incidence rate of hypertension can be varied in
different geographical areas according to risk factors,
environment, age, sex, lifestyle, and race (13). Sex and
age-specific screening programs and identifying the high-
risk groups and regions are well known as common
prevention strategies in the literature (14-17). These
strategies can help health authorities and policymakers
recognize the high-risk areas and groups to apply for
prevention programs and appropriately allocate health
resources (18-20).

The first step in identifying the high-risk areas of
hypertension is drawing the geographical pattern of the
incidence rate of hypertension on maps. Geographical
Information System (GIS) is a valuable tool that can help
map disease distribution across different areas (21).
Although some studies showed a higher incidence of
hypertension in Iran, there is a limited study about the
incidence rate of hypertension in more OK geographical
regions such as counties scales which is a significant gap
in the literature. The current study aimed to fill this critical
gap by exploring the epidemiological characteristic and
the spatial-temporal analysis of the admission rate of
hypertension (ARH) at district levels in Zanjan province,
Iran county areas. This study also predicted the
probability of admission due to hypertension based on the
age group by county and gender.

Materials and Methods

Study area

Zanjan province is located northwest of Iran with eight
counties and 48 rural district regions. The population of
Zanjan province was 1,057,461 people in 2016. Zanjan is
between 36.6830° north and 48.5087° east covering an
area of 291.27 square kilometers.

Study design and data collection

This descriptive and geo-spatial analysis study was
conducted in Zanjan province, Iran, in 2021. Data were
obtained from nine HIS databases. Data included age, sex,
date of admission, date of discharge, discharge diagnosis
code, and residential address of patients who were
admitted to hospitals due to hypertension during 2014-
2019. Patients with hypertension were defined using the
International Classification of Diseases 10" revision
(ICD-10) discharge diagnosis codes (I10). The
discharging diagnosis is determined as the final diagnosis
is given to a patient before release from the hospital after
all tests, surgery, and therapeutic interventions have been
considered and completed. The coding experts provide a
specific code for each diagnosis based on the ICD-10 and
register it in the hospital information system. Patients
whose residential address was not in Zanjan province,
Iran, or their admission date was not between March 21,
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2014, and March 21, 2019, were excluded from this study.
The national population census in 2016 was used to
calculate the ARH per 100,000 in the study area because
the federal population census was conducted every five
years in [ran. The 2016 national population census report
was the last available report.

Statistical and spatial analysis

One-sample Kolmogorov-Smirnov test was used for
testing the normality of data distribution. Continuous
variables were reported as mean and standard deviation
(SD) because the data followed a normal distribution and
were compared by the T-test method among men and
women. Categorical variables were reported as numbers
and percentages and compared by univariate Chi-Square
test between counties, hospitals, age groups, and years.
The binary logistic regression method was used to model
and predict the probabilities of admission due to
hypertension. ARH was calculated at the province level
and for each county, age group, and year per 100,000 by
dividing the total number of cases by its population and
multiplying 100,000 at a 95% confidence interval (CI).

All analyses were performed for men, women, and
counties separately. Statistically, significant tests were at
the level of 0=0.05. All statistical analyses were
performed using R software, version 4.0.5 (R Foundation
for Statistical Computing). All spatial analyses were
performed using ArcGIS v10.7 (ESRI Inc., Redlands, CA,
USA). The ethics committee approved the study of Zanjan
University of Medical Sciences, Zanjan, Iran, code:
IR.SSU.MEDICINE.REC.1396.311.

Results

Sixty-eight thousand eight hundred forty-three patients
were admitted to hospitals due to cardiovascular diseases
in Zanjan province, Iran, from 2014-2019. 5931 (9.32%)
cases had hypertension after excluding 5238 points due to
duplicated or incomplete data. The admission rate of
hypertension was 555 cases per 100,000, which was
higher in women (755 cases per 100,000) compared to
men (357 cases per 100,000) (P<0.001). (Table 1) There
was a significant difference between the mean age (65.4
years vs. 65.1 years, p < 0.001) and the mean length of
stay (LOS) (69.8 hours in men vs. 61.2 hours in women,
p = 0.04) among men and women which were higher in
men. The highest ARH was observed in the age group
over 80, with 5672 cases per 100,000. At the same time,
it was relatively uncommon among younger people, and
only 109 people had experienced hypertension before the
age of 30 years (Table 1).

Table 1 and Fig 1B reveal the age distribution of the
ARH at county levels in Zanjan province, Iran, from
2014-2019. Most patients were in the age group of 60-69
(27%), and ARH increased significantly with aging. The
highest ARH was detected in the age group over 80 with
5672 cases per 100,000, while the lowest was identified in
the age group of 05-14 with only 3 cases per 100,000.
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Table 1. Admission rate of hypertension by sex, county and Age groups in Zanjan province, Iran from 2014-2019

Admission
Characteristic Population Total Women Men rate Per AGE LOS
N (%) N(%) N(%) N(%) 100,000  Mean+SD  Mean +SD
95% CI)
Total 1069533 519()3(}) (‘é(;% (1392%2) (5 451?55 o) 65255145 65551417 -
o ‘Women 5(’119575)7 1(6);;)2 - - (7372?7578) 65.1£13.4 61.2+£103 o001
Men 5(353937)6 1(259 ; ; e 431?3773) 6544157 69.8+180.5
(Soﬁtbhli:ll;lst) 1(51(4):.‘13)1 (91467) (66952) (32395) (59?)?271) 6615138 3345348
(I{{/z(s)g 3(?2‘)2 (23%) (61(?.;) (373(.)2) (4851?233) 64.1£15.7 77.8£161.1
Kh(()gzll:?l:l)deh 122)1 ’ 2(435 (5193.91) (4%?9) (121)?17 s6) 00184 T79.6£109
| TGy e |
Locati ’
(hosation M?{’l;fl:sstl)m 4((;75)2 (%1‘.‘27) (6187.%) (371?2) (532(,)6787) 61.9+162  95.2£239.2
S‘Ei??.i'if " 3(2?93)1 (12?21) (3?) (;g) (35?5?07) 68.2£14.8  105.12406.3
(NoTr?lr:;:I:ast) 4(21958)3 (23(.)2) (6132.81) (37;9) (364;?285) 64.3£162  62.2+766
R S —
ot 9(79%16)1 (0.11135) (54?54) (455.45) (6}210) Larld 4824764
05-14 1(51?392)7 (0.351) (66%66) (33%33) (0?6) 87415 411473
1529 27(;25” (1.96%2) (4;‘20) (575.589) (25212) 231436 653+1393
Age groups 30-44 2(%?36)4 (5?52173) (622(.?8) (3172.36) (1021630) 39+4.2 ST.THI345 0001
I N S IR
60-69 53(256 (21;5.%21) (7121.51%) (;‘;‘g) (283‘93”33713) 645429  63.9+132.8
70719 31(;?7 (2155.;968) (615(5).5888) (3??2) (4535,35})78) 743128 65241423
80+ 1(?2)9 (195?559) (55;;7) (j f g) (535162?204) 84.5+4.1 73371638

N-Number; LOS — length of stay; SD — standard deviation

The admission frequency and the mean LOS of
patients differed among hospitals (p<0.001). Most
patients were hospitalized at Valiasr hospital in Zanjan
County, Iran, with 840 cases (33.2%). Emdadi hospital,
located in Abhar County, had the lowest mean LOS
(3.5 hours), while it was 87.7 hours at Mousavi
hospital, situated in Zanjan County. The highest mean
age was in Soltanieh County (the East) with 68.2 years,
while the lowest mean age was in Khodabandeh
County with 59.9 years. Soltaniech County had the
highest mean LOS with 105.1 hours, while the lowest
mean LOS was observed in Abhar County (53.4 hours).

The Chi-Square test results showed that the ARH
was not homogeneous during 2014-2019 and was more
frequent in 2019 (p<0.001). The highest ARH was

445

detected in 2019 with 157 cases per 100,000, while the
lowest was identified in 2014 with 85 cases per
100,000. (Table 2) In recent years, an ascending trend
of ARH was detected in Zanjan province, Iran (Figl-
A). It increased significantly from 85 points in 2014 to
157 cases in 2019 per 100,000, a 72% increase. At the
same time, the population size increased only 2% (from
1059884 to 1086497 people). (Table 2) The mean age
of patients increased from 65 years in 2014 to 65.5
years in 2019, while the mean of LOS decreased from
89.2 hours to 49.3 hours in recent years. (Fig 1-B, 1-C)

ARH was significantly different across counties of
Zanjan province, Iran (p<0.001). The highest ARH
belonged to Khoramdareh county (the South-East) with
1159 cases per 100,000, while the lowest was detected
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in Khodabandeh county (the South) with 137 cases per
100,000. (Fig 2) Zanjan County (the North), the
province's capital, was ranked as the fourth high-risk
area with 606 cases per 100,000. The highest increase
of ARH was identified in Abhar (from 20 points in
2014 to 558 topics in 2019, a 2900% increase) and
Khoramdareh counties (from 52 cases in 2014 to 232
cases in 2019, a 440% increase) during 2014-2019.

(Fig 2)

Fig 3 shows the probability of admission due to
hypertension among genders and counties in Zanjan
province, Iran. The likelihood of access due to
hypertension was increased in both genders by aging,
but it was higher in women. Women aged 70-79 were
a high-risk group for the hospitalized due to
hypertension. The probability of admission due to
hypertension was increased in all regions by aging, and
the highest chance was detected in the Southeast of the
study area. (Fig 3)

Table 2. Admission rate of hypertension by year in Zanjan province, Iran from 2014-2019

Admission rate

A Population  Total Women Men AGE LOS
Characteristic N (%) N (%) N(%) N (%) Per 100,000 MeantSD  Mean=SD P-Value
(95% CI)
896 585 311 85
- + +
2014-2015 1059884 (15.1) (65.3) (34.7) (79,90) 65+14.7 89.2+208.7
981 678 303 92
H == ES
2015-2016 1070886 (16.5) (69.1) (30.9) (86,98) 65.1+13.5 73.1£139.3
1041 711 330 98
- + +
Years 2016-2017 1057461 (17.6) (68.3) 31.7) (93,105) 64.7+13.9 60.3£106 <0.001
1304 878 426 122
2017-2018 1072939 (22) (67.3) (32.7) (115,128) 65.5£14.1 62.1+£143.6
1709 1160 549 157
2018-2019 1086497 (28.8) (67.9) (32.1) (150,165) 65.5£14.6 49.3+66.4
N-Number; LOS — length of stay; SD — standard deviation;
A-admission rate of hypertension per 100,000 at county kevels in Zargan Province from 2014-2019
g Abhar | ljrood | Khodabandeh | Khoramdarsh | Mahneshan | Solanieh | Tarom | Zamjan |
8 = 2 - * B o 3
é » ‘S'j A 15 # 100 /-/ 158 /\qu \M ol 120 v__,\c e
g " % 50 € 5 /_’/‘“ 100 N o \/ﬁ %0 \/__’_A\\i — TOTAL
g B :5‘@‘ 2 :p& :p-$ :94-‘ j‘-at 9\\ f»sh ;é‘@ :E,-& :9-8’ :pé :P@ :e.a ra»fn f’p '@a :9@ j‘ﬂ . :egl :P»sn fei\ ;P@ :p-$ & ;p'& :p'\',\ :&'3’ ;P@ :9\‘: ‘P@ 594 :6‘@ j‘»se :e*““ 9@ 555\ :9@ :9-@
N S I N Y@“‘«P"’«P’%‘ I S I o o S
B Ag at per 100 4t in Zanjan provinee from 20742019
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Figure 1. Admission rate, age distribution and mean LOS of hypertension at county levels in Zanjan province, Iran
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Figure 2. Geographic information system of hypertension admission per 100,000 at county levels in Zanjan province, Iran
from 2014-2019
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Discussion

Hypertension is one of the most common preventable
causes of death and a significant public health concern
worldwide. To the authors' best knowledge, there was
no adequate information regarding the incidence of
hypertension in more OK geographical areas, a
considerable gap in the literature. The authors' primary
focus in the present study was to explore the ARH
among genders and different age groups and identify
the potential high-risk areas of hypertension in Zanjan
province over five years. The result of this study can
help health authorities and policymakers in planning
prevention activities to reduce the incidence of
hypertension in high-risk areas and groups.

The results of this study show that the overall ARH
was 555 cases per 100,000, with the highest frequency
among women (68%) in Zanjan province, Iran. Most
patients were in Khoramdareh County, and the ARH
was increased by aging. Different factors contribute to
the incidence of hypertension. Hypertension originates
from genetic, geographical factors, nutritional status,
lifestyle, and socioeconomic determinants. The
influence of age, overweight, alcohol consumption,
and smoking on hypertension had been proven in
previous studies (1, 2, 8, 10, 13, 20). We could not find
any study about the assessment of risk factors for the
incidence of hypertension in Zanjan province, Iran, to
describe the leading causes of hypertension in the study
area. We recommended that future studies explore the
main risk factors contributing to the incidence of
hypertension in high-risk regions of Zanjan province,
Iran, using the present study's results. Targeted or
population-based strategies can help to prevent and
reduce the incidence of hypertension. Increasing
awareness, early treatment, and control interventions in
individuals are the targeted strategy to control
hypertension. Weight loss, a healthy diet, low dietary
sodium and adequate potassium intake, sufficient
physical activity, and avoidance of alcohol
consumption were introduced in the literature as the
main approaches to preventing hypertension (2, 9, 10).

This study showed that the ARH varied among
different age groups and regions. According to the
previous studies, the incidence of hypertension differed
from 15.7% to 41.8% in Iran. It was 37.3% in Yazd (1),
26.2% in Tehran (22), 22.6% in Tabriz (2), 15.7% in
Kurdistan (23), 38.2% in Shahrood (24), 41.8% in
Golestan (9), and 22% in Mashhad (10). Contrary to the
incidence of hypertension in Iran, the global prevalence
of hypertension was 31.2% in adults (20). In general, it
can be said that the incidence of high blood pressure in
Zanjan province, Iran, compared to America, Brazil,
India, and individual studies in India, China, and
Korea, is equal to [(30-35%), (32-36%), (29.8%),
(19.7-30.8%), (40.8%), (32.3%), and (31.6%)], that it
was less. (5, 20-29). Comparing the results of this study
with other studies showed that the social-economic and
cultural differences, lifestyles, age group span, and
methodology used in various studies can lead to
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different results. Therefore, these results cannot be
compared directly because of varying age ranges and
methods.

Hypertension was prevalent among adults (aged 45
and older) in all counties of Zanjan province, Iran,
which indicates the central role of aging in the
incidence of hypertension, consistent with other studies
(5, 8, 9). The incidence of hypertension was common
among adults (22.1%) and the people in the age group
over 55 years (49.5%) in Iran, which was consistent
(20, 30). The results of a global survey showed that
37.2%, 46.6%, and 51.7% of adults in the age groups
of 50-59, 60-69, and over 70 years had hypertension in
the Middle East, and 44.8%, 60.3% and 7.2% of people
at these age groups in developed countries had
hypertension. (31). Because of the different age group
spans and the methodology of the previous and present
studies, these results cannot be compared directly.
However, the age-specific ARH showed that most
patients were in the 60-69-year age group (27.0%),
while the highest ARH was observed in the age group
above 80, with 5672 cases per 100,000. Future studies
should identify the main risk factors related to age and
examine their influence on hypertension to be aware
and help health authorities to reduce the incidence of
hypertension in high-risk age groups.

The national health h and nutrition examination
survey in the US and s of some studies in Iran showed
no significant relationship between genders and
hypertension (10, 11, 32, 33). At the same time, a high
prevalence of hypertension was reported in women in
Iran, which was consistent with the results of this study
(2, 23, 24). A higher body mass index (BMI) and lack
of physical activity can be considered the leading cause
of these differences (9).

Some conflicting reports about the influence of
residential area factors or geographical areas on the
incidence of hypertension. While different studies
reported no differences between the incidence of
hypertension in rural and urban areas, (8, 34), a national
survey in Iran reported a higher prevalence of
hypertension among the people who lived in urban
areas (35). The study conducted in Golestan province,
Iran, showed that hypertension is more prevalent
among people who live in rural areas (9). According to
a study in India, the prevalence of hypertension is
significantly higher in the urban population than in the
rural population, which may be due to differences in
the level of awareness of hypertension, access to health
services, and socioeconomic characteristics (26).
Studies in Uganda (5) and China (15) also showed that
the prevalence of hypertension was different across
various regions, which was consistent. There seems to
be a direct and substantial relationship between the
incidence of hypertension and the economic and social
characteristics. As a previous study in Iran showed, the
prevalence of hypertension is much lower in areas with
favorable socioeconomic status than in areas where
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socioeconomic status is worse (9). The present study
showed that the admission of hypertension was higher
in some counties of Zanjan province, Iran. This may be
due to socioeconomic diversity or different lifestyles
across these areas and need further studies to determine
the main reasons for these differences.

The results of the present study provide new
knowledge that can be used to manage, control, and
offer essential diagnostic and remedial services to
patients living in high-risk areas of hypertension. In
addition, identifying the high-risk areas of
hypertension can help organize and allocate
professional teams and care facilities' resources
effectively.

Conclusion

In conclusion, this study shows a high ARH in
Zanjan province, Iran, during 2014-2019, which was
more prevalent in women and at above 45 years of age
groups. The high prevalence of hypertension in
Khoramdareh County is a warning to local
policymakers to consider the significant risk factors
and apply prevention programs to reduce the incidence
of hypertension in this area. This study showed that
hypertension is a significant public health concern in
Zanjan, Iran. The probability of admission due to
hypertension in women and the South-East of Zanjan
is very high. It is essential to implement periodic
hypertension screening programs, especially among
the elderly and women, and also increase the awareness
of people about hypertension, the importance of
lifestyle changes, good nutrition, and physical activity
among people who live in high-risk areas to reduce the
incidence of hypertension in Zanjan province, Iran.

Limitation

This study has some limitations. First, data included
only the patients hospitalized due to hypertension at
Zanjan University Medical Sciences hospitals¢ from
2014-2019 in Iran. So, it may not represent all
hypertension patients in Zanjan province, Iran. In
addition, Data from two Social Security organizations
(Taemin Ejtemaee) hospitals did not include in this
study. The second limitation was using census
population data as the dominant method for calculating
ARH. The population census is conducted every five
years in Iran, so in the absence of an annual population
census, we used the 2016 census data.
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