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Abstract The prevalence of obesity has been increasing in Iran over the past dec-
ade. This study aimed to determine the population-attributable fraction (PAF) of
hypertension associated with obesity, abdominal obesity, and the joint effect of
both in the central provinces of Iran. Prevalence of hypertension was extracted from
the Iranian Ministry of Health Non-Communicable Disease Risk Factor InfoBase 2009.
Measure of association between obesity and hypertension was extracted from Teh-
ran Lipid and Glucose Study, for males and females, in order to calculate the PAF of
hypertension associated with obesity. Age standardization of the reported preva-
lence of obesity was done using the World Health Organization method. The PAF
of hypertension associated with the joint effect of obesity and abdominal obesity
in females was highest in Semnan Province: 22.7 [95% confidence interval (CI):
4.2–35.6], followed by Qom 21.09 (95% CI: 3.7–33.1), and Yazd 20.3 (95% CI:
3.5–32.1). In males, the highest PAF was observed in Qom Province 31.07 (95% CI:
16.7–41.1), followed by Semnan 29.6 (95% CI: 15.9–39.3), Qazvin 25.9 (95% CI:
13.7–34.5), Tehran 24.2 (95% CI: 12.7–32.3), and Isfahan 20.4 (95% CI: 3.5–27.4).
Prevalence of hypertension is higher in more developed provinces. PAFs suggest that
a sizable share of hypertension in these provinces is associated with obesity. It is
recommended that health promotion programs focus on obesity in the provinces
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with a higher share of hypertension due to obesity.

� 2016 Ministry of Health, Saudi Arabia. Published by Elsevier Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Introduction

Hypertension is one of the major risk factors for
cardiovascular diseases. It affects over one billion
of the world’s population and is the main underly-
ing cause of stroke and heart attack [1]. It is esti-
mated that by 2025, the prevalence of
hypertension will be increased by 60% to >1.5 bil-
lion [2].

The World Health Organization estimates that
600 million people around the world are at risk of
major cardiovascular events including myocardial
infarction, stroke, and heart failure due to high
blood pressure. Furthermore, hypertension counts
for 13% of all mortality, which corresponds to 7.1
million deaths/y. It is also responsible for 62% of
all strokes and 49% of all myocardial infarctions
[1,2].

According to the 2009 National Survey of Non-
Communicable Diseases Risk Factors in Iran, around
16% of the population between the ages of 15 years
and 64 years are hypertensive [1].

The results of various studies on risk factors for
noncommunicable diseases in Iran show that 11% of
males and 11.9% of females have high blood pressure
>160/95 mmHg, and a recent study indicated that
16.9% of males and 14.7% of females aged >20 years
have high blood pressure >140/90 mmHg [1–5].

Age, sex, race, socioeconomic condition, smok-
ing, and obesity are among the most important risk
factors of hypertension [4]. There is a strong corre-
lation between body weight and hypertension; as
weight increases, the risk of high blood pressure
increases by 2–6-fold [5]. For every 10 kg increase
in weight, systolic blood pressure increases by 2–
3 mmHg [4]. Obesity can predict hypertension in
later life [5]. Obesity is a modifiable risk factor of
cardiovascular diseases. Several studies have
shown that weight loss, even moderate, can reduce
systolic hypertension and cardiovascular risk con-
sequently [6–8].

The most prevalent effects of being overweight
and obese on health include hypertension, dyslipi-
demia, and coronary heart disease [9]. In 2005,
937 million adults around the world were over-
weight, and the number of obese people was 396
million [10]. These numbers were doubled, com-
pared with 20 years ago [11]. For instance, in the
Middle East and North Africa, it was stated that
>60% of cases of stroke are associated with hyper-
tension [12].

According to the Global Burden of Disease Study
2010 (GBD 2010), the three risk factors that
account for the most disease burden in Iran are
dietary risks, high blood pressure, and high body
mass index (BMI). The leading risk factors for chil-
dren aged <5 years and adults aged 15–49 years
were childhood underweight and at dietary risks,
respectively. In 2010, of the burden of disease
attributable to 15 leading risk factors in Iran, the
second most important risk factor was high blood
pressure and the third factor was being overweight
and obesity [13]. Various studies in Iran demon-
strated that the prevalence of obesity (BMI > 30)
in Iran is 14.4% among males and 29.5% for females
[1,2]. The prevalence of obesity in Iran is high and
is growing rapidly [1]. Little is known about the
impact of obesity and abdominal obesity on hyper-
tension in Iran and its provinces. This study, aimed
to determine the population-attributable fraction
(PAF) of hypertension associated with obesity,
abdominal obesity, and the joint effect of them
in the central provinces of Iran.

2. Materials and methods

In this study, prevalence of obesity according to
age and sex in different Iranian provinces was
extracted from the Iranian Ministry of Health
Non-Communicable Disease Risk Factor InfoBase
in 2009. The national surveillance of risk factors
for noncommunicable diseases have become exec-
utive since 2004 and have been repeated five times
at the provincial level (2004, 2006, 2007, 2008, and
the most recent in 2009). A World Health Organiza-
tion method was used for age standardization of
the prevalence of hypertension across different
provinces [14]. In 2009 survey, 89,404 persons were
chosen from the whole province using a systematic
approach and multistage cluster sampling method.
The appropriateness of the selected cluster distri-
bution with the distribution of the number of
households in different areas of the province and
the rural and urban populations was sampling spec-
ifications. Data collection included three steps as
follows: Step 1 (verbal): collection of
questionnaire-based information about demo-
graphics and health behaviors included basic

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Population-attributable fraction of hypertension 73
sociodemographics, tobacco use, alcohol consump-
tion, fruit and vegetable consumption, and physical
inactivity; Step 2 (physical): collection of informa-
tion about height, weight, waist circumference,
and blood pressure; and Step 3 (biological): collec-
tion of biochemical measures including fasting
blood sugar and fasting total cholesterol.

Measure of association between obesity and
hypertension [odds ratio (OR) adjusted for con-
founding factors such as age, smoking, and educa-
tion level] was extracted from the Tehran Lipid
and Glucose Study (TLGS), in which 8647 persons
aged 20–70 years old (3622 men and 5025 women)
were selected by multistage random sampling
[15]. The extracted OR was adjusted for confound-
ing factors such as age, smoking and education
level. Measure of association of hypertension due
to obesity for males (OR = 2.5, 95% CI: 1.8–3.4),
and females (OR = 2.8, 95% CI: 1.9–4.2), and mea-
sure of association of hypertension due to abdomi-
nal obesity for males (OR = 1.5, 95% CI: 1.1–2.0),
and females (OR = 1.1, 95% CI: 0.8–1.5) were
extracted from the TLGS.

BMI and waist-to-hip ratio are measures for com-
paring waist circumference to hip circumference.
Waist circumference were measured with a meter
at the lowest point between the chest and the
lower end of the umbilicus and hip circumference
were measured at the widest location. If the
waist-to-hip ratio is >1 (in male) and 8.0 (in female),
the risk is more widely accepted as a risk factor for
cardiovascular disease, diabetes, and hypertension
[17,18].

Iran consists of 31 provinces. Due to rapid urban-
ization and industrialization, being overweight and
obesity are more common in central Iran compared
with the rest of country. Therefore, the central
provinces including Tehran, Yazd, Isfahan, Qazvin,
Qom, Semnan, and Markazi were included in this
study. The following equations were used to calcu-
late the PAF in different central provinces of Iran
for obesity and abdominal obesity.

Eq. (1) was used to calculate the impact of obe-
sity and central obesity separately, and Eq. (2) was
used to calculate the joint effect. In Eq. (1), P indi-
cates prevalence of hypertension, and OR indicates
odds ratio of hypertension associated with obesity,
and in Eq. (2), the deduction of parenthesis’ differ-
ence is attributable to the population of each of
the risk factors of obesity and central obesity
[19]. The PAF was calculated based on the percent-
age obtained from high and low confidence inter-
vals. All calculations were performed using
Microsoft Excel (Microsoft Inc., Seattle, WA-USA)
spreadsheets:
PAF ¼ P � OR� 1

OR

� �
ð1Þ

PAF ¼ 1� P
n

i¼1
ð1� PAFiÞ ð2Þ
3. Results

The PAF of hypertension associated with obesity in
females was highest in Semnan Province 22.3 (95%
CI: 16.5–26.3), followed by Qom 20.9 (95% CI:
15.5–24.6), and Yazd 20.3 (95% CI: 15.06–23.9).
In males, the highest PAF was observed in Qom Pro-
vince 22.5 (95% CI: 16.5–26.5), followed by Sem-
nan 21.5 (95% CI: 15.8–25.5), Qazvin 19.1 (95%
CI: 14.1–22.6), Tehran 17.9 (95% CI: 13.2–21.3),
and Isfahan 15.4 (95% CI: 11.4–18.3). Almost
35.0% of males’ hypertension in Qom Province,
and 37.3% of females’ hypertension in Semnan Pro-
vince can be attributed to obesity. Table 1 shows
age group 55–65 years have the highest PAF associ-
ate with obesity. The PAF of hypertension associ-
ated with obesity in those aged 55–65 years in
males of Isfahan was 7.4% (95% CI: 5.4–8.8) and
in females 7.3% (95% CI: 5.4–8.6), and in Tehran
for males it was 7.1% (95% CI: 5.1–8.3) and for
females it was 7.8% (95% CI: 8.5–9.2), which shows
the aging effects of obesity on blood pressure
increase (Table 1).

The PAF of hypertension associated with abdom-
inal obesity in females was not significant. How-
ever, in males, the highest PAF observed in Qom
Province was 11.5 (95% CI: 3.1–17.5), followed by
Semnan 11.1 (95% CI: 3.0–16.7), Qazvin 9.8 (95%
CI: 2.6–14.8), Tehran 9.2 (95% CI: 2.5–13.9), and
Isfahan 7.9 (95% CI: 2.5–12.0) (Table 2).

The PAF of hypertension associated with the
joint effect of both obesity and abdominal obesity
in females was not significant. However, in males,
the highest PAF was observed in Qom Province
31.07 (95% CI: 16.7–41.1), followed by Semnan
29.6 (95% CI: 15.9–39.3), Qazvin 25.9 (95% CI:
13.7–35.5), Tehran 24.2 (95% CI: 12.7–32.3), and
Isfahan 20.4 (95% CI: 3.5–27.4). Those aged 55–
65 years had the highest PAF associated with the
joint effect of both obesity and abdominal obesity.
The PAF of hypertension associated with the joint
effect of both obesity and abdominal obesity in
the age group 55–65 years in males of Isfahan
was 8.2% (95% CI: 3.5–11.5), and in Tehran for
males it was 7.6% (95% CI: 3.1–10.7) (Table 3).

Fig. 1 shows the PAF of hypertension associated
with the joint effect of both obesity and abdominal
obesity in males. The results of this study show that
Semnan Province has the highest prevalence of



Table 1 Hypertension attributable to obesity in central provinces of Iran by sex and age groups, 2009.

Province Sex Age groups (y) Age-adjusted
prevalence

Percent population-attributable fraction

Point estimates of
the odds ratio

95% Confidence interval

Isfahan Male 35–44 5.2 3.3 2.5–4.02
45–54 7.2 4.6 3.4–5.5
55–65 11.5 7.4 5.4–8.8
Age-adjusted 24.1 15.4 11.4–18.3

Female 35–44 3.3 2 1.4–2.3
45–54 8.1 4.8 3.6–5.7
55–65 12.1 7.3 5.4–8.6
Age-adjusted 23.6 14.1 10.5–16.7

Tehran Male 35–44 7.3 4.7 3.4–5.6
45–54 9.6 6.2 4.5–7.3
55–65 10.9 7.02 5.1–8.3
Age-adjusted 27.9 17.9 13.2–21.3

Female 35–44 7.05 4.2 3.1–4.9
45–54 11.2 6.7 5.02–7.9
55–65 13.1 7.8 8.5–9.2
Age-adjusted 31.4 18.8 13.9–22.2

Semnan Male 35–44 6.7 4.3 3.2–5.1
45–54 13.3 8.5 6.3–10.1
55–65 13.3 8.6 6.3–10.1
Age-adjusted 33.5 21.5 15.8–25.5

Female 35–44 11.6 6.9 5.1–8.2
45–54 11.8 7.1 5.2–8.3
55–65 13.7 8.2 6.1–9.7
Age-adjusted 37.3 22.3 16.5–26.3

Qazvin Male 35–44 7.9 5.09 3.7–6.03
45–54 9.3 6.04 4.4–7.1
55–65 12.4 8 5.8–9.4
Age-adjusted 29.7 19.1 14.1–22.6

Female 35–44 8.08 4.8 3.5–5.7
45–54 10.7 6.4 4.7–7.5
55–65 11.9 7.1 5.2–8.4
Age-adjusted 30.7 18.4 13.6–21.6

Qom Male 35–44 9.1 5.8 4.3–6.9
45–54 12.3 7.9 5.8–9.4
55–65 13.5 8.6 6.4–10.3
Age-adjusted 35.02 22.5 16.5–26.6

Female 35–44 6.7 4.07 3.01–4.7
45–54 15.02 9.01 6.6–10.6
55–65 13.1 7.8 5.8–9.2
Age-adjusted 34.9 20.9 15.5–24.6

Markazi Male 35–44 4.3 2.8 2.08–3.3
45–54 6.3 4.09 3.03–4.8
55–65 8.3 5.3 3.9–6.3
Age-adjusted 19.1 12.3 9.07–14.5

Female 35–44 5.1 3.1 2.3–3.6
45–54 8.7 5.2 3.8–6.1
55–65 11.2 6.7 4.9–7.9
Age-adjusted 25.1 15.09 11.1–17.7

Yazd Male 35–44 5.09 3.2 2.4–3.8
45–54 8.5 5.5 4.05–6.5
55–65 8.2 5.2 3.8–6.2
Age-adjusted 21.8 14.06 10.3–16.6

Female 35–44 8.7 5.2 3.8–6.1
45–54 10.7 6.4 4.7–7.5
55–65 14.4 8.6 6.4–10.2
Age-adjusted 33.9 20.3 15.06–23.9
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Table 2 Hypertension attributable to abdominal obesity in central provinces of Iran by sex and age groups, 2009.

Province Sex Age groups (y) Age-adjusted
prevalence

Percent population-attributable fraction

Point estimates of
the odds ratio

95% Confidence interval

Isfahan Male 35–44 5.2 1.7 2.6–0.4
45–54 7.2 2.3 3.6–0.6
55–65 11.5 3.8 5.7–1.04
Age-adjusted 24.1 7.9 12.05–2.1

Female 35–44 3.3 0.3 1.1–0.8
45–54 8.1 0.7 2.6–2.03
55–65 12.1 1.09 4.02–3.04
Age-adjusted 23.6 2.1 7.8–5.9

Tehran Male 35–44 7.3 2.4 3.6–0.6
45–54 9.6 3.1 4.8–0.8
55–65 10.9 3.6 5.4–0.9
Age-adjusted 27.9 9.2 13.9–2.5

Female 35–44 7.05 0.6 2.3–1.7
45–54 11.2 1.01 3.7–2.8
55–65 13.1 1.1 4.3–3.2
Age-adjusted 31.4 2.8 10.3–7.8

Semnan Male 35–44 6.7 2.2 3.3–0.6
45–54 13.3 4.4 6.6–1.2
55–65 13.3 4.4 6.6–1.2
Age-adjusted 33.5 11.06 16.7–3.01

Female 35–44 11.6 1.04 3.8–2.9
45–54 11.8 1.06 3.9–2.9
55–65 13.7 1.2 4.5–3.4
Age-adjusted 37.3 3.3 12.3–9.3

Qazvin Male 35–44 7.9 2.6 3.9–0.7
45–54 9.3 3.1 4.6–0.8
55–65 12.4 4.1 6.2–1.1
Age-adjusted 29.7 9.8 14.8–2.6

Female 35–44 8.08 0.7 2.6–2.02
45–54 10.7 0.9 3.5–2.6
55–65 11.9 1.07 3.9–2.9
Age-adjusted 30.7 2.7 10.1–7.6

Qom Male 35–44 9.1 3 4.5–0.8
45–54 12.3 4.08 6.1–1.1
55–65 13.5 4.4 6.7–1.2
Age-adjusted 35.02 11.5 17.5–3.1

Female 35–44 6.7 0.6 2.2–1.6
45–54 15.02 1.3 4.9–3.7
55–65 13.1 1.1 4.3–3.2
Age-adjusted 34.9 3.1 11.5–8.7

Markazi Male 35–44 4.3 1.4 2.1–0.3
45–54 6.3 2.1 3.1–0.5
55–65 8.3 2.7 4.1–0.7
Age-adjusted 19.1 6.3 9.5–1.7

Female 35–44 5.1 0.4 1.7–1.2
45–54 8.7 0.7 2.8–2.1
55–65 11.2 1.01 3.7–2.8
Age-adjusted 25.1 2.2 8.3–6.2

Yazd Male 35–44 5.09 1.6 2.5–0.4
45–54 8.5 2.8 4.2–0.7
55–65 8.2 2.7 4.1–0.7
Age-adjusted 21.8 7.2 10.9–1.9

Female 35–44 8.7 0.7 2.8–2.1
45–54 10.7 0.9 3.5–2.6
55–65 14.4 1.3 4.7–3.6
Age-adjusted 33.9 3.05 11.1–8.4
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Table 3 Hypertension attributable to the joint effect of obesity and abdominal obesity in central provinces of Iran by sex
and age groups, 2009.

Province Sex Age groups (y) Age-adjusted
prevalence

Percent population-attributable fraction

Point estimates of
the odds ratio

95% Confidence interval

Isfahan Male 35–44 5.2 2.1 3.6–0.02
45–54 7.2 4.06 6.1–1.09
55–65 11.5 8.2 11.5–3.5
Age-adjusted 24.1 20.4 27.4–3.5

Female 35–44 3.3 0.6 0.4–2.3
45–54 8.1 2.6 5.4–1.4
55–65 12.1 5.4 9.6–0.6
Age-adjusted 23.6 13.3 21.5–1.6

Tehran Male 35–44 7.3 4.1 6.3–1.1
45–54 9.6 6.4 9.2–2.4
55–65 10.9 7.6 10.7–3.1
Age-adjusted 27.9 24.2 32.3–12.7

Female 35–44 7.05 1.8 4.3–1.6
45–54 11.2 4.7 8.7–0.8
55–65 13.1 6.04 10.5–0.4
Age-adjusted 31.4 18.7 29.5–3.1

Semnan Male 35–44 6.7 3.6 5.5–0.8
45–54 13.3 9.9 13.8–4.5
55–65 13.3 10.02 13.8–4.5
Age-adjusted 33.5 29.6 39.3–15.9

Female 35–44 11.6 5.03 9.06–0.7
45–54 11.8 5.1 9.2–0.6
55–65 13.7 6.5 11.2–0.3
Age-adjusted 37.3 22.7 35.6–4.2

Qazvin Male 35–44 7.9 4.7 6.9–1.4
45–54 9.3 6.1 8.8–2.2
55–65 12.4 9.1 12.7–4.02
Age-adjusted 29.7 25.9 34.5–13.7

Female 35–44 8.08 2.5 5.3–1.4
45–54 10.7 4.3 8.1–0.9
55–65 11.9 5.2 9.3–0.6
Age-adjusted 30.7 18.2 28.8–2.9

Qom Male 35–44 9.1 5.8 8.4–2.1
45–54 12.3 9.05 12.6–3.9
55–65 13.5 10.1 14.07–4.6
Age-adjusted 35.02 31.07 41.1–16.7

Female 35–44 6.7 1.6 4.03–1.6
45–54 15.02 7.3 12.5–0.07
55–65 13.1 6.04 10.5–0.45
Age-adjusted 34.9 21.09 33.1–3.7

Markazi Male 35–44 4.3 1.2 2.5–0.5
45–54 6.3 3.2 5.04–0.5
55–65 8.3 5.1 7.5–1.7
Age-adjusted 19.1 15.6 21.1–7.7

Female 35–44 5.1 0.5 2.3–1.9
45–54 8.7 3.02 6.03–1.3
55–65 11.2 4.7 8.6–0.8
Age-adjusted 25.1 14.3 23.06–1.8

Yazd Male 35–44 5.09 1.9 3.4–0.1
45–54 8.5 5.3 7.8–1.8
55–65 8.2 4.9 7.3–1.6
Age-adjusted 21.8 18.2 24.5–9.3

Female 35–44 8.7 3.01 6.02–1.3
45–54 10.7 4.4 8.1–0.9
55–65 14.4 6.9 11.9–0.1
Age-adjusted 33.9 20.3 32.1–3.5

76 M. Mohammadi, M. Mirzaei



23.6

31.4

37.3

30.7

34.9

25.1

33.9

13.3

18.7

22.7

18.2
21.09

14.3

20.3

0

5

10

15

20

25

30

35

40

IsfahanTehranSemnanQazvinQomMarkaziYazd

Age-adjusted prevalence Percent population attributable fraction

Fig. 2 The population-attributable fraction of hypertension and, obesity, and abdominal obesity in females from the
central provinces of Iran.
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Fig. 1 The population-attributable fraction of hypertension and, obesity, and abdominal obesity in males from the
central provinces of Iran.
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high blood pressure in males from the central pro-
vinces of Iran (31.1%), of which 35.0% is attributa-
ble to the joint effect of obesity and abdominal
obesity. Similarly, 29.6% of the total prevalence
of hypertension in males from Qom Province
(33.5%) can be attributed to the joint effect of
both factors of obesity and abdominal obesity.

Fig. 2 shows the PAF of hypertension associated
with the joint effect of both obesity and abdominal
obesity in females. The results of this study show
that Semnan Province has the highest prevalence
of high blood pressure in females from the central
provinces of Iran (22.7%) of which 37.3% can be
attributed to the joint effect of obesity and
abdominal obesity. Also, 21.1% of the prevalence
of hypertension in females from Qom Province
(34.9%) is attributable to the joint effect of both
factors of obesity and abdominal obesity.
4. Discussion

The PAF of hypertension associated with obesity in
females was highest in Semnan Province (22.3%),
followed by Qom (20.9%) and Yazd (20.3%). In
males, the highest PAF was observed in Qom Pro-
vince (22.5%), followed by Semnan (21.5%), Qazvin
(19.1%), Tehran (17.9%), and Isfahan (15.4%). The
PAF of hypertension associated with abdominal
obesity in females was not significant. In males,
the highest PAF was observed in Qom Province
(11.5%), followed by Semnan (11.1%), Qazvin
(9.8%), Tehran (9.3%), and Isfahan (7.9%).

The results of study by Khalili et al. [16] showed
that the PAF of hypertension associated with dia-
betes, high total cholesterol, and low-high-
density lipoproteins cholesterol was 9.4%, 6.7%,
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7.3%, and 6.1% in males and 17%, 16.6%, 12%, and
4.6% in females, respectively.

Mohammadi and Mirzaei [20] showed that in
Yazd Province in terms of the PAF of hypertension
attributable to obesity in females, the highest rate
was 20.3% and among males aged 45–54 years it
was 5.5%. Among females in the age group 55–
65 years it was 8.6%. In this study, age group 55–
65 years have the highest PAF associated with obe-
sity, which suggests the effect of aging on the asso-
ciation of hypertension and obesity.

Martiniuk et al. [21] reported that in 15 coun-
tries of the Asia Pacific region, using available
data, the prevalence of hypertension ranged from
5% to 47% in males and from 7% to 38% in females.
Overall, the fraction of ischemic heart disease
attributable to hypertension ranged from 4% to
28% in males and from 8% to 39% in females,
respectively. Karami et al. [22] pointed out that
the share of diabetes in reducing the burden attri-
butable to cardiovascular diseases in females might
be 11.2% of the total burden of cardiovascular dis-
eases among females if the prevalence is reduced
to zero, and if it is reduced to 4%, the PAF would
be 5.7%. Moreover, if we can reduce the preva-
lence down to the level recommended by Iranian
Ministry of Health and Medical Education, the bur-
den of hypertension attributable to obesity can be
reduced to 2.9% of the total burden.

The results of study by Biderafsh et al. [23]
showed that every 5-mmHg hypothetical reduction
in systolic blood pressure above 140 mmHg can
reduce 3.5% of the total burden of stoke. This value
may reach 7% if the systolic blood pressure
decreases by 10 mmHg. In addition, for every 5-
mmHg hypothetical reduction in diastolic blood
pressure above 80 mmHg, 4.87% of the total burden
of stoke can be avoided. The PIF after a 10-mmHg
modification on distribution of diastolic blood pres-
sure was estimated at 9.38%, which represents the
deductions attributable to the impact of popula-
tion and share of the potential impact of the policy
to reduce risk factors for noncommunicable dis-
eases. The results of this study show that Semnan
Province has the highest prevalence of hyperten-
sion in men from the central provinces of Iran;
31.1% prevalence of hypertension can be prevented
in the province.

It was reported that there is considerable vari-
ability among studies regarding the methods used
for PAF calculation and the selection of appropri-
ate counterfactuals is essential. The PAF of obesity
reported estimates ranged from 5% to 15% for all-
cause mortality, 0.2% to 8% for all-cancer inci-
dence, 7% to 44% for cardiovascular disease inci-
dence, and 3% to 83% for diabetes incidence [24].
This study like other studies [25] showed that obe-
sity remains strongly associated with diabetes,
hypercholesterolemia, and hypertension, and there
is a strong relationship between BMI and systolic
and diastolic blood pressure. In addition, obese
males and females have higher odds ratio of afflic-
tion to hypertension, hypercholesterolemia, high
low-density lipoproteins and low HDL [15].

In a study by Salem and Rezaeyan [26], it was
stated that >60% of cases of hypertension are over-
weight or obese. According to their study, being
overweight and obesity play the most important
roles in PAF of hypertension [22]. By awareness-
increasing and prevention methods, like change in
lifestyle and exercise, hypertension can be
decreased through weight control programs.

This study has several limitations. The preva-
lence data are from 2009; however, no recent
and reliable data are available. The measure of
association (OR) comes from the TLGS study which
was done in Tehran only. In general, PAFs for
hypertension associated with obesity may be best
considered as an indicator of association [24].

In conclusion, the results of this study confirmed
the considerable contribution of obesity and
abdominal obesity to hypertension and show that
prevalence of hypertension is higher in more devel-
oped provinces of central Iran. Accordingly, policy
makers are strongly recommended to consider and
implement preventive strategies on obesity and
abdominal obesity as an important priority.

Conflict of interests

All authors declare no conflict of interests.

References

[1] Hojjatzade E, Samavat T. Guidelines blood pressure mea-
surement. Tehran: Ministry of Health and Medical Educa-
tion, Department of Health, Department of Non-
Communicable Diseases; 2012.

[2] Steyn K, Jooste PL, Bourne L, Fourie J, Badenhorst CJ,
Bourne DE. Risk factors for coronary heart disease in the
black population of the Cape Peninsula. The BRISK study. S
Afr Med J 1991;79:480–5.

[3] Damirchi A, Mehrabani J. Prevalence of obesity, overweight
and hypertension and related-risk factors in adults men.
OLYMPIC 2009;17:56–61.

[4] GHotbi M, Rafati M, Ahmadnia H. Principles of disease
prevention and care. Tehran: Sepid Barge BaqeKetab; 2007
[in Persian].

[5] Nizami F, Farooqui MS, Munir SM, Rizvi TJ. Effect of fiber
bread on the management of diabetes mellitus. J Coll Phys
Surg Pak 2004;14:673–6 [in Persian].

[6] Eckel RH, Krauss RM. American Heart Association call to
action: obesity as a major risk factor for coronary heart

http://refhub.elsevier.com/S2210-6006(16)30021-1/h0005
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0005
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0005
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0005
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0010
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0010
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0010
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0010
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0015
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0015
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0015
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0025
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0025
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0025
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0030
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0030


Population-attributable fraction of hypertension 79
disease. AHA Nutr Committee. Circulation
1998;21:2099–100.

[7] Mishra V, Arnold F, Semenov G, Hong R, Mukuria A.
Epidemiology of obesity and hypertension and related risk
factors in Uzbekistan. Eur J Clin Nutr 2006;60:1355–66.

[8] Azizi F, Janghorbani M, Hatami H. Epidemiology and control
of common disease in Iran. 4th ed. Khosravi: Publications in
Association with the Institute of Endocrinology and Meta-
bolism; 2011 [in Persian].

[9] World Health Organization (WHO). Obesity: preventing and
managing the global epidemic. Report of a WHO consulta-
tion. World Health Organ Tech Rep 2000; 894: 1–253.

[10] Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden
of obesity in 2005 and projections to 2030. Int J Obes
(Lond) 2008;32:1431–7.

[11] James PT, Rigby N, Leach R. The obesity epidemic,
metabolic syndrome and future prevention strategies. Eur
J Cardiovasc Prev Rehabil 2004;11:3–8.

[12] Tran J, Mirzaei M. The population attributable fraction of
stroke associated with high blood pressure in the Middle
East and North Africa. J Neurol Sci 2011;308:135–8.

[13] Institute for Health Metrics and Evaluation (IHME). GBD
Compare. Seattle, WA: IHME, University of Washington,
2015. Available at: <http://vizhub.healthdata.org/gbd-
compare>. Accessed 01/10/2016.

[14] Ahmad OB, Boschi-Pinto C, Lopez AD, Murray C, Lozano R,
Inoue M. 2001. Age standardization of rates: a new WHO
standard. GPE Discussion Paper Series No. 31. Geneva:
World Health Organization. Available at: <www.who.int/
healthinfo/paper31.pdf>. Accessed 05/07/2013.

[15] Azizi F, Esmaelzadeh A, Mirmiran P. Obesity is associated
with heart disease risk factor—disease: an epidemiological
study in Tehran. Iran J Endocrinol Metab 2003;5:389–97.

[16] Khalili D, Sheikholeslami FH, Bakhtiyari M, Azizi F, Mome-
nan AA, Hadaegh F. The incidence of coronary heart
disease and the population attributable fraction of its risk
factors in Tehran: a 10-year population-based cohort study.
PLoS ONE 2014;9:10–1371.
[17] Ayatollahi SM, Carpenter RG. Height, Weight, BMI and
weight-for-height of adults in southern Iran: how should
obesity be defined? Ann Hum Biol 1993;20:9–13 [In
Persian].

[18] Pi-sunyer FX. Obesity. In: Shils M, Olson J, Shike M, Ross AC,
editors. Modern nutrition in health and disease. Lippincott
Williams and Wilkins; 1998. p. 1395–419.

[19] Khosravishademani F, Soori H, Karami M, Zayeri F,
Mehmandar MR. Estimating of population attributable
fraction of unauthorized speeding and overtaking on rural
roads of Iran. Iran J Epidemiol 2013;8:9–11 [in Persian].

[20] Mohammadi M, Mirzaei M. Population attributable fraction
of hypertension associated with obesity in Yazd Province in
2009: a short report. J Rafsanjan Univ Med Sci
2014;13:1179–86.

[21] Martiniuk AL, Lee CM, Lawes CM, Ueshima H, Suh I, Lam TH.
Hypertension: its prevalence and population-attributable
fraction for mortality from cardiovascular disease in the
Asia-Pacific region. J Hypertens 2007;25:73–9.

[22] Karami M, Khosravi Shadmani F, Najafi F. Estimating the
contribution of diabetes on the attributable burden of
cardiovascular diseases in Kermanshah, West of Iran. Iran J
Epidemiol 2012;8:33–8.

[23] Biderafsh A, Karami M, Faradmal J, Poorolajal J. Estimating
the potential impact fraction of hypertension as main risk
factor of stroke: application of distribution shift method. J
Epidemiol Glob Health 2015;5:231–7.

[24] Flegal KM, Panagiotou OA, Graubard BI. Estimating popu-
lation attributable fractions to quantify the health burden
of obesity. Ann Epidemiol 2015;25:201–7.

[25] Memish ZA, El bacheraoui CH, et al. Obesity and associated
factors Kingdom of Saudi Arabia. Public Health Res Pract
Policy 2013;11:1–10.

[26] Salem Z, Rezaeyan M. Check the blood pressure and its
relationship with anthropometric indices at University of
Medical Sciences. J Rafsanjan Univ Med Sci 2007;7:157–64.
ScienceDirect
Available online at www.sciencedirect.com

http://refhub.elsevier.com/S2210-6006(16)30021-1/h0030
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0030
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0035
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0035
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0035
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0040
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0040
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0040
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0040
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0050
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0050
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0050
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0055
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0055
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0055
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0060
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0060
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0060
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare
http://www.who.int/healthinfo/paper31.pdf
http://www.who.int/healthinfo/paper31.pdf
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0075
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0075
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0075
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0080
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0080
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0080
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0080
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0080
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0085
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0085
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0085
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0085
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0090
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0090
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0090
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0095
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0095
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0095
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0095
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0100
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0100
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0100
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0100
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0105
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0105
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0105
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0105
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0110
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0110
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0110
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0110
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0115
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0115
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0115
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0115
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0120
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0120
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0120
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0125
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0125
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0125
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0130
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0130
http://refhub.elsevier.com/S2210-6006(16)30021-1/h0130

	Population-attributable fraction of hypertension associated with obesity, abdominal obesity, and the joint effect of both in the Central Provinces of Iran
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	Conflicts of interests
	References


