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Abstract

Background: Hypertension (HTN) is an important risk factor for Cardiovascular
Disease (CVD) mortality and morbidity among Iranians. The present study aimed to
estimate the prevalence of HTN and some of its related factors in south of Iran.

Methods: This cross-sectional survey was conducted on the data of the Persian
cohort study in Kherameh. The participants consisted of 10663 people aged 40-70
years. HTN was defined as either Systolic/Diastolic Blood Pressure (SBP/DBP)
greater than or equal to 140/90 mmHg or taking medications. Pre-HTN was defined
as SBP = 120-139 mmHg and/or DBP = 80-89 mmHg. The logistic regression
method was used to identify the factors associated with pre-HTN and HTN.

Results: The prevalence of pre-HTN and HTN was 18.8% and 27.7%, respectively.
Male gender, old age, being unemployed, low education level, high Body Mass
Index (BMI), no smoking, diabetes, Cerebro-cardiovascular disease, suffering from
another chronic disease, family history of CVD, and negative family history of
cancer and other chronic diseases were independently associated with pre-HTN
(p<0.05). All variables, except for gender, smoking, and family history of cancer,
were significantly associated with HTN. Drug abuse was also correlated to HTN
(p<0.05).



Conclusion: This study revealed the increased prevalence of HTN in rural and urban
areas. Therefore, the health system needs to develop strategies to raise the
accessibility of screening and diagnostic services.
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Introduction

In the current century, the rapid growth of Non-communicable diseases (NCDs) is
considered a serious health challenge that threatens the societies’ socioeconomic
development and people’s health [1]. The most common types of NCDs include
Cardiovascular diseases (CVDs), diabetes, chronic respiratory diseases, and cancers
[2]. Hypertension (HTN) has been considered to be the first and the most common
risk factor for CVDs, stroke, and kidney diseases [3]. HTN has been reported to
cause 7.5 million deaths per year, which is equivalent to 57 million disability-
adjusted life years [4]. Although the prevalence of HTN has reached a steady trend
in developed countries, it has been increasing in developing countries in the recent
years, with the highest rates being related to low- and middle-income countries [5].
The highest prevalence of HTN was found to be 46% among adults in Africa, 35%
among American adults, and 23% among Canadian adults [6]. In Iran, the prevalence
of HTN was estimated to range from 17% to 68% [7, 8]. Overall, about 50% of the
middle-aged population worldwide have been estimated to have pre-HTN and 25%
have been reported to have HTN, which has been predicted to increase to 29% by
2025 [9, 10]. The increasing trend of HTN is significantly associated with economic
development, population growth, lifestyle changes, and traditional eating habits
[11]. Indeed, the risk factors of HTN include age, low physical activity, smoking,
unhealthy eating habits, and high salt consumption [12].

The prevention and control of HTN have not received sufficient attention in
developing countries [13]. In the recent decades, population-based cohort studies
have played an important role in scientific discoveries, especially regarding
cardiovascular risk factors and understanding their biological and genetic bases.
Although the identification of cardiovascular risk factors seems to be relatively
complete, social and environmental behavioral patterns are changing and the ability
to measure the needs, must be improved [14]. Therefore, the present study aims to
analyze the prevalence and predictors of HTN and pre-HTN according to the
baseline data of Kherameh cohort study. The results can help health policymakers



to estimate the disease status more accurately, provide up-to-date information, adopt
the best and most effective preventive methods to reduce the burden of the disease.

Materials and Methods

Study framework

The present analytical cross-sectional study was performed on the data of
Kherameh cohort study, which is a branch of the Prospective Epidemiological
Research Studies in Iran (PERSIAN). The rationale, objectives, and design of the
PERSIAN cohort study have been published earlier [15]. Kherameh is a city
located in southern Fars province with a population of 61580 people. The main
objective of Kherameh cohort study was to determine the prevalence and risk
factors of NCDs at baseline and follow-up. The target population of the study
included all people aged 40-70 years in the region. Since 2014, 10663 participants
have been enrolled into this study.

Measurement

Demographic and lifestyle information:

The participants were first requested to fill out written informed consent forms.
Then, they were interviewed by trained experts using standardized questionnaires
including information about demographic characteristics, Socioeconomic status
(SES), individual habits, history of chronic diseases, family history of diseases,
physical activity, and reproductive history. Since this cohort project was a part of
the main PERSIAN cohort project, the validity and reliability of the questionnaire
were reviewed by the national team of the Persian cohort prior to implementation
of the project. After the interviews, a short physical examination was carried out in
order to measure the participants’ blood pressure, height, weight, and waist and hip
circumferences. Weight was measured with light clothing and without shoes by
using a SECA scale (made in Germany). Waist circumference was considered as
the midline of the lower ribs and the upper outer edge of the right iliac crest.
Finally, the standard measurements of height and waist circumference were carried
out using a measuring tape to the nearest 0.1 centimeter. Abdominal obesity was
defined as waist circumference greater than 102 cm in males and greater than 88



cm in females [16]. Indeed, Body Mass Index (BMI) was calculated and
categorized as less than 25, between 25 and 29, and equal to or greater than 30
kg/m? [17].

The Metabolic Equivalent of Task (MET) index was used to measure the
participants’ physical activity. The individuals were asked to recount their daily
activities considered as the average of their physical activity during the past year.
The benefits of this questionnaire include assigning a score to each individual for
taking into account all occupational and sport activities as well as the time spent on
eating and sleeping. Factor analysis was used to determine the participants’ SES by
considering their properties, such as homeownership, home size, number of
bathrooms within the house, having cars, price of the cars, domestic and
international travels, owning mobile phones, televisions, vacuum cleaners, washing
machines, refrigerators, microwaves, and computers. Accordingly, a score was
assigned to each individual at the significance level of 0.4.

Blood pressure and HTN

Blood pressure was measured on the participants’ left arms after a five-minute rest
1n sitting position using a standard calibrated sphygmomanometer (Reister Model,
Germany) at an appropriate cuff size. Two consecutive measurements were carried
out with at least a 10-minute interval and the average was recorded. According to
the Eighth Joint National Committee (JNCS) criteria, HTN was defined as Systolic
blood pressure (SBP) equal to or above 140 mmHg, Diastolic blood pressure
(DBP) equal to or above 90 mmHg, or being under treatment for HTN. Besides,
pre-HTN was defined as SBP of 120-139 mmHg and/or DBP of 80-89 mmHg in
the individuals who did not take any antihypertensive medications [18].

Statistical analysis

Continuous variables were presented as mean + standard deviation, while
qualitative variables were presented as number (percentage). The relationships
between the categorical variables were tested by chi-square test. Multivariate
logistic regression analysis was also conducted to evaluate the association between
the prevalence of HTN and pre-HTN and their related factors. All statistical tests
were two-tailed and p-values less than 0.05 were considered to be statistically
significant.

Results



Out of the 10663 participants, 5944 (55.7%) were female. The mean age of the
participants was 51.9+8.2 years. In addition, 9492 participants (89%) were married
and 5587 ones (52.4%) were illiterate. Besides, 6247 participants (58.6%) lived in
rural areas.

Among the study participants, 6656 (62.4%), 2000 (18.8%), and 2953 (27.7%)
were normotensive, pre-hypertensive, and hypertensive, respectively (Table 1).
The means of SBP and DBP were respectively 105.8+10 and 67.8+7.4 mmHg in
the healthy participants, 130.3+£8.5 and 79.9+6.7 mmHg in the pre-hypertensive
ones, and 131.9+£20 and 80.2+11.9 mmHg in the patients.

The results showed that the prevalence of pre-HTN and HTN was higher in
females (55.5%, p=0.01 and 67.5%, p<0.001) as well as in the people who lived in
rural areas (62%, p<0.001 and 58.5%, p=0.336). Moreover, the frequency of pre-
HTN and HTN was higher in the illiterate participants compared to the other
groups (63.3%, p<0.001 and 66.2%, p<0.001). The prevalence of both pre-HTN
and HTN was also higher among married people (87.8%, p<0.001 and 83.6%,
p<0.001). Finally, the frequency of both pre-HTN and HTN was higher among the

unemployed participants (48.4%, p<0.001 and 63.5%, p<0.001).

Table 1. The demographic characteristics of Kherameh population

Participants, Pre-hypertensive, P-value = Hypertensive, P-value
No. (%) No. No. (prevalence)
(prevalence)

All 10663 (100) 2000 (18.8) 2953 (27.7)

Sex

Male 4719 (44.3) 890 (44.5) 961 (32.5)

Female 5944 (55.7) 1110 (55.5) 0.01 1992 (67.5) <0.001

Age

40-49 years 4639 (43.5) 672 (33.7) 919 (31.2)

50-59 years 3759 (35.3) 746 (37.4) 1119 (38)

+60 years 2218 (20.8) 574 (28.8) <0.001 905 (30.8) <0.001

Living place

Urban 4416 (41.4) 760 (38) 1226 (41.5)

Rural 6247 (58.6) 1240 (62) <0.001 1727 (58.5) 0.336

Literacy

[literate 5587 (52.4) 1267 (63.3) 1956 (66.2)

<5 years 2676 (25.1) 400 (20) 587 (19.9)

6-8 years 1136 (10.7) 148 (7.4) 177 (6)

High school 702 (6.6) 93 (4.6) 140 (4.7)



Academic

Marital status

Married

Non-married

Employed

Yes
No

562 (5.3)

9492 (89)
1171 (11)

5516 (51.7)
5147 (48.3)

92 (4.6)

1757 (87.8)
243 (12.2)

967 (48.4)
1033 (51.6)

<0.001 93 (3.1) <0.001
2468 (83.6)

<0.001 485 (16.4) <0.001
1077 (36.5)

<0.001 1876 (63.5) <0.001

According to Table 2, the percentage of pre-HTN participants was higher in all
variables compared to normotensive individuals. This point was also correct about
the hypertensive group in comparison to the pre-HTN group regarding all factors,
except for alcohol use. Furthermore, all variables, except for cancer and high
cholesterol, were related to HTN (p<0.05) and all variables, except for cancer,
alcohol use, and drug use, were correlated to pre-HTN (p<0.05) (Table 2).

Table 2. Comparison of normotensive, pre-hypertensive, and hypertensive

individuals regarding the factors related to HTN in Kherameh population

Diabetes

Yes

No

Cerebro-
cardiovascular
disease

Yes

No

Cancer

Yes

No

Another chronic
disease

Yes

No

Ever smoking
Yes

No

Ever opium use
Yes

Normotensive,

No. (%)

652 (9.8)
6004 (90.2)

414 (6.2)
6242 (93.8)

29 (0.4)
6627 (99.6)

2369 (35.6)
4287 (64.4)

1739 (55)
1420 (45)

1274 (19.1)

OR
95% CI)

0.57
(0.54-0.6)*

0.51
(0.48-0.53)*

0.84
(0.62-1.15)

0.77
(0.73-0.81)*

1.57
(1.44-1.72)*

1.33

Pre-

hypertensive
(prevalence)

382 (19.1)
1618 (80.9)

289 (14.4)
1711 (85.6)

8 (0.4)
1992 (99.6)

841 (42)
1159 (58)

272 (31.3)
596 (67.8)

301 (15)

OR
(95% CI)

1.24
(1.19-1.31)*

1.33
(1.25-1.41)*

0.98
(0.82-1.16)

1.06
(1.04-1.09)*

0.88
(0.86-0.91)*

0.99

Hypertensive, No.

(prevalence)

822 (27.8)
2131 (72.2)

738 (25)
2215 (75)

21(0.7)
2932 (99.3)

1519 (51.4)
1434 (48.6)

296 (26.5)
819 (73.5)

341 (11.5)

OR
95% CI)

1.66
(1.57-1.77)*

2.05
(1.89-2.22)*

1.19
(0.94-1.51)

1.18
(1.15-1.22)*

0.82
(0.79-0.85)*

0.85



No 5382 (80.9) (1.23-1.43)* 1699 (85) (0.97-1.01) 2612 (88.5) (0.82-0.87)*
Ever alcohol use

Yes 413 (6.2) 1.4 95 (4.8) 1.01 86 (2.9) 0.82

No 6243 (93.8) (1.22-1.61)* 1905 (95.2) (0.97-1.04) 2867 (97.1) (0.79-0.86)*
Ever hookah use

Yes 364 (5.5) 1.12 96 (4.8) 0.94 123 (4.2) 0.92

No 6292 (94.5) (0.99-1.27)* 1904 (95.2) (0.91-0.96) 2830 (95.8) (0.87-0.97)*
Fasting blood

sugar 484 (7.3) 0.72 230 (11.5) 1.14 391 (13.2) 1.27

Yes 6172 (92.7) (0.67-0.77)* 1770 (88.5) (1.08-1.2)* 2562 (86.8) (1.2-1.35)*
No

High cholesterol

Yes 2220 (33.4) 0.93 740 (37) 1.03 1035 (35) 1.02

No 4436 (66.6) (0.89-0.98)* 1260 (63) (1.01-1.06)* 1918 (65) (0.99-1.05)
High triglyceride

Yes 1767 (26.5) 0.86 620 (31) 1.05 942 (31.9) 1.08

No 4889 (73.5) (0.82-0.91)* 1380 (69) (1.02-1.08)* 2011 (68.1) (1.05-1.12)*

Among the variables included in logistic regression analysis, male gender (OR=0.52,
p<0.001), old age (OR=1.03, p<0.001), being unemployed (OR=0.77, p=0.01), low
education level (OR=0.62, p<0.001), high BMI (OR=1.11, p<0.001), no smoking
(OR=0.71, p=0.001), diabetes (OR=1.5, p=0.020), Cerebro- cardiovascular disease
(OR=1.55, p=0.001), another chronic disease (OR=1.22, p=0.01), family history of
CVDs in the first degree relatives (OR=1.54, p<0.001), no family history of cancer
(OR=0.78, p=0.05), and other chronic diseases in the second degree relatives
(OR=0.69, p=0.01) were independently associated with pre-HTN. The factors that
were positively correlated to HTN consisted of old age (OR=1.03, p<0.001), high
BMI (OR=1.14, p<0.001), larger number of cigarettes smoked (OR=1.009,
p=0.0008), diabetes (OR=2.65, p<0.001), Cerebro-cardiovascular disease
(OR=3.35, p<0.001), other chronic diseases (OR=1.43, p=0.001), and family history
of CVDs in the first degree relatives (OR=1.62, p<0.001). Other factors like
education (OR=0.67, p=0.001), occupation (OR=0.64, p=0.002), drug use
(OR=0.78, p=0.038), and family history of another chronic disease in the second
degree relatives (OR=0.38, p<0.001) were inversely associated with HTN. It was
notable that physical activity showed no correlation with pre-HTN and HTN (OR=1,
p=0.006) (Table 3).

Table 3. The factors associated with the prevalence of pre-HTN and HTN by
the multivariate logistic regression model



Gender

Male

Female

Age

Occupation

Jobless

Employed

Education

Illiterate

Literate

Body mass index
Physical activity
Smoking

No

Yes

Number of cigarettes
smoked

Ever drug use

No

Yes

Diabetes

No

Yes
Cerebro-cardiovascular
disease

No

Yes

Other chronic diseases
No

Yes

Family history of
cardiovascular diseases in
the first degree relatives
No

Yes

Family history of cancer in
the second degree relatives
No

Yes

Pre-HTN

Odds ratio

0.52
1.04

0.77

0.62
1.11

0.71

95% CI

(0.41-0.66)
(1.03-1.05)

(0.63-0.95)

(0.52-0.74)
(1.09-1.13)

(0.59-0.87)

(1.16-1.95)

(1.2-2)

(1.03-1.44)

(1.29-1.84)

(0.61-1)

P-value

<0.001

<0.001

0.01

<0.001

<0.001

0.001

0.002

0.001

0.01

<0.001

0.05

HTN

Odds
ratio

1.03

0.64

0.67
1.14

1.009

0.78

2.65

3.35

1.43

1.62

95% CI

(1.02-1.05)

(0.49-0.85)

(0.53-0.84)
(1.11-1.17)
(0.99-1)

(1.002-1.016)

(0.62-0.98)

(1.94-3.62)

(2.56-4.39)

(1.15-1.79)

(1.28-2.07)

value

<0.001

0.002

0.001
<0.001
0.006

0.008

0.038

<0.001

<0.001

0.001

<0.001



Family history of another
chronic disease in the
second degree relatives

No
Yes

1 1
0.69 (0.51-0.92) 0.014 0.38 (0.24-0.61) <0.001

Discussion

There is compelling evidence from epidemiological studies that HTN is an
independent and potent risk factor for CVDs, including coronary heart disease and
stroke [19]. The prevalence of HTN varies significantly across countries and regions
[20]. The present study aimed to highlight the major predictors of pre-HTN and HTN
among people aged 40-70 years in Kherameh. The estimated crude prevalence rate
of pre-HTN was 18.8%, which was consistent with the rate found in Rani’s study
(18.4%) [21], but lower than the rate reported in China (32.3%), Brazilian adults
(36.1%) [22], and Iranian adults in Tehran province (35.4%) [23]. Moreover, the
crude prevalence rate of HTN was 27.7%, which was comparable to the results of a
study conducted in southern India (27%) [24]. However, some studies performed in
Iran have shown a lower prevalence rate (23.8%) [25]. The prevalence of the disease
was also estimated to be 28.9% in a meta-analysis conducted in Nigeria [26].
Nevertheless, Malekzadeh et al. estimated the prevalence rate of the disease to be
42.7% in the Golestan cohort study, which might be attributed to the higher age of
the study population [27]. Increased prevalence of HTN has been thought to result
from industrialization, population growth, aging, rapid economic development,
lifestyle, and diet [13, 28]. In the present study, the prevalence of pre-HTN and HTN
was higher among females compared to males. However, Yang et al. came to
contradictory results [29]. Additionally, an upward trend was detected in the
prevalence rate of pre-HTN and HTN up to the age of 59 years, which decreased
after 60 years of age. This might be due to the lower number of elderly people in the
population. Moreover, the prevalence of HTN was significantly higher in rural areas
than in urban ones, which was in line with the results of a study carried out in China
[3, 29]. In contrast to the current study, HTN was more prevalent among single
people in Gandomkar’s research [30].

The results of multivariate regression model indicated that males were more
probable to be pre-hypertensive, which was in agreement with the report by Nuwaha



et al. [31]. This might be attributed to genetic, physiological, and hormonal
differences between the two genders [11, 32]. Furthermore, similar to other
investigations, the present study revealed that increase in age was accompanied with
an increase in the prevalence rate of the disease [33, 34]. Indeed, a positive
correlation was found between pre-HTN and HTN and higher BMI, which was
consistent with the findings of other studies [35, 36] and suggested the need for
effective interventions for overweight or obese patients. The metabolic syndrome
induced by obesity leads to atherosclerosis and activation of the rennin-angiotensin-
aldosterone system, which ultimately leads to the development of HTN [37].

Although SES did not remain in the multivariate regression model in the current
study, a meta-analysis indicated an increase in the prevalence of HTN in the lowest
SES concerning income, occupation, and education compared to the highest one
[38]. It should be mentioned that the relationships between pre-HTN and HTN and
occupation and education were investigated separately in the present study. The
results indicated that occupation and education were inversely associated with pre-
HTN and HTN. There are some intertwined paths that can explain the relationship
between education and HTN. Firstly, higher levels of education might influence the
individuals’ knowledge of HTN and health behaviors, subsequently resulting in
following a healthier lifestyle and medical care [39, 40]. Secondly, well-educated
compared to lowly educated or jobless people have social and psychological
resources, including a high sense of personal control and social support [41].

The current study findings revealed a strong association between chronic diseases
and HTN and pre-HTN. In this context, cerebro-cardiovascular diseases, diabetes,
and other chronic diseases were identified as the most important factors. Bcheraoui
et al. found that HTN was associated positively with diabetes and inversely with
prediabetes. Pre-HTN was also positively correlated to diabetes and chronic
conditions [42]. Indeed, some studies have shown that smoking increased
atherosclerosis [43], eventually raising blood pressure. In the present study, smoking
was omitted from the final model of HTN, but was inversely correlated to pre-HTN.
An inverse correlation was also detected between drug use and HTN. The inverse
relationship might be due to the practitioners’ recommendations for quitting
smoking and using drugs. This pattern was also found in the research carried out by
Malekzadeh [27].

In terms of family history, the current study results showed that the family history
of CVDs in the first degree relatives was positively associated with pre-HTN and



HTN. Besides, the family history of cancer and another chronic disease in the second
degree relatives showed an inverse relationship with HTN and pre-HTN. Pansare et
al. and Simonetta et al. also reported a strong correlation between parents’ and
children’s blood pressure [44, 45]. This might be due to the genetic impact as well
as such common behaviors as diet and physical activity, which have been regarded
as the risk factors of the disease [37].

This study had a few limitations. First, the cross-sectional design of the study made
it difficult to rule out the inverse causation of variables, especially for smoking and
drug use. Second, the relationship between nutrition status and pre-HTN and HTN
was not taken into account. Despite these limitations, the strong points of the study
included its large sample size and precise collection of data regarding the potentially
relevant demographic and lifestyle factors.

In conclusion, pre-HTN and HTN were highly prevalent in Fars province. Hence,
primary and secondary prevention is required to reduce its burden on Iranians’
health. Further studies are recommended to investigate the relationship between the
family history of some diseases and HTN. The researchers are also waiting for the
follow-up results of Kherameh cohort study.
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