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A B S T R A C T   

Background: Cardiovascular diseases (CVDs) are the leading causes of global mortality and disability. Several 
studies demonstrated that metabolic risk factors increase cardiovascular mortality. The aim of this study is to 
examine CVDs deaths and population attributable fractions (PAFs) of their metabolic risk factors in Iran. 
Methods: This is a study on 8621 participants aged 45–75 years and older, recruited in the repeated measurement 
phase of the Golestan cohort study (GCS) in northeast of Iran. The Cox proportional hazards model was used to 
determine the adjusted hazard ratios (HRs). PAFs were calculated to enumerate CVDs mortality avoidable in the 
population if metabolic risk factors were eliminated. 
Results: The mortality of CVDs was attributable to metabolic factors, including high waist circumference (PAF, 
28 %, [95 % CI: 16%–38 %]), high fasting blood sugar (FBS) (20 %, [15%–24 %]), overweight and obesity (19 %, 
[8%–28 %]), high blood pressure (16 %, [11%–21 %]), high low-density lipoprotein cholesterol (LDL-C) (8 %, 
[1%–15 %]), and high triglyceride (TG) (7 %, [3%–11 %]). Collectively, these metabolic risk factors accounted 
for 50 % of CVDs deaths. Females (67 %, [50%–78 %]) had a higher joint PAF of metabolic risk factors compared 
to males (43 %, [27%–55 %]). 
Conclusions: The pattern of CVDs mortality attributable to metabolic risk factors in this study is not the same as 
similar studies in other parts of the world and previous studies in Iran. It is imperative that CVDs risk factors be 
specifically evaluated and addressed in various populations due to variety in geographical and temporal patterns 
in contribution of metabolic risk factors to CVD mortality.   

1. Introduction 

Cardiovascular diseases (CVDs) are the leading causes of global 
mortality and disability. The overall prevalence of cardiovascular dis-
eases nearly doubled from 271 million in 1990 to 523 million in 2019. 
Also, the number of deaths due to CVD has increased steadily and 
reached 18.6 million deaths in 2019, from 12.1 million deaths annually 
in 1990 [1]. In addition to high mortality and morbidity, CVDs are 
responsible for significant economic costs. In Iran, this disease is the 
leading cause of health loss. According to the results of the global burden 

of diseases study in 2019, 8026 per 100,000 people in Iran suffered from 
cardiovascular disease [1]. Also, cardiovascular diseases were the cause 
of 173,600 deaths in Iran in 2019, accounting for 44.4 % of the country’s 
total casualties [1,2]. 

Metabolic risk factors are important modifiable factors for a variety 
of diseases, such as cardiovascular diseases [3]. The important meta-
bolic risk factors include high blood pressure, blood lipid disorders such 
as increased triglyceride (TG) and increased low-density lipoprotein 
cholesterol (LDL-C)), high fasting blood sugar (FBS), and high waist 
circumference (WC) [3,4]. Metabolic risk factors tend to cluster in 
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individuals and designate as metabolic syndrome. According to the meta 
analyses of 2021, the prevalence of metabolic syndrome has shown a 
range of 12.5 %–31.4 % worldwide [5]. In a systematic review con-
ducted in 2018, in Iran, the prevalence of metabolic syndrome in people 
over 20 years old and under 20 years was 23.8 % and 11.0 %, respec-
tively [6]. Several studies have shown that metabolic risk factors in-
crease the cardiovascular risk and mortality [7,8]. 

The population attributable fraction (PAF) is defined as the propor-
tion of diseases that will be prevented if the relevant risk factors were 
removed from the society [9]. The PAF can be utilized in policy-making 
for public health interventions, as it helps identify modifiable risk fac-
tors that their control is highly associated with reduction in the risk of 
disease. The purpose of this study is to examine CVD deaths and PAFs of 
the metabolic risk factors in a cohort study of Iranians recruited in the 
repeated measurement phase of the Golestan cohort study (GCS) in 
Northeast of Iran. 

2. Methods 

2.1. Study population 

In 2004, the GCS was launched in Golestan province, northeastern 
Iran. The study recruited 50,045 participants aged 40–75 between 2004 
and 2008 for a median follow-up of 15 years. From 2010 to 2012, 11,428 
study participants aged 45–75 years and older were randomly selected 
and recruited for repeated measurement [10]. A total of 2807 partici-
pants who had received a fixed-dose combination therapy (Polypill) 
containing statin, aspirin, and anti-hypertensive agents were excluded 
from the current analyses [11]. Therefore, the exclusion criteria were: (i) 
unwillingness to participate at any stage of the study for any reason; (ii) 
being a temporary resident; and (iii) individuals undergoing drug 
treatment with a fixed-does combination therapy. 

In Golestan province, participants aged 45–75 years were recruited 
from Gonbad city (20 %) and all of the 326 villages in the province (80 
%). The baseline survey included demographic data, underlying dis-
eases, medication history, lifestyle risk factors, blood pressure, and 
anthropometric measurements. However, in this phase, serum bio-
markers were not measured as they were measured in the repeated 
measurement phase [10]. 

2.2. Data collection, definitions, and measurements 

Demographic characteristics were recorded through face-to-face 
interview using a structured questionnaire. A wealth score was calcu-
lated using multiple correspondence analysis on household assets 
including house ownership, house structure, house size, having a bath in 
the residence, as well as possession of a personal automobile, a motor-
bike, a black-and-white television, a color television, a refrigerator, a 
freezer, a vacuum cleaner, and a washing machine. The score was then 
transformed to tertiles and was categorized as poor, intermediate, and 
rich [12]. Education level was divided into two levels: Illiterate and 
literate. 

Body mass index (BMI) was calculated using measured height and 
weight values and was classified into BMI <18.5 (underweight), 
18.5 ≤ BMI <25 (normal weight), 25 ≤ BMI <30 (overweight), and 
BMI ≥30 (obese) based on the national institutes of health (NIH) defi-
nition. Also, high WC was defined as a waist circumference of ≥90 cm in 
males and females based on recommended Iranian cut-off definition 
[13]. Blood pressure was measured twice at baseline using Richter 
auscultator sphygmomanometers in the sitting position, with a 10-min 
interval between measurements. The mean of the two measurements 
was used in analyses. In our study, high blood pressure was defined as a 
systolic blood pressure equal to or greater than 140 mmHg or a baseline 
diastolic blood pressure equal to or greater than 90 mmHg [14]. High 
FBS was defined as having a FBS greater than 126 mg/dL. LDL-C and TG 
were included in the analyses, with high LDL-C defined as levels above 

130 mg/dL and high TG defined as levels above 200 mg/dL. 
Life style determinants were defined as current smoking and current 

routine alcohol or opium use during the preceding 6 months. Other 
comorbidities were recorded based on self-report. 

2.3. Outcome ascertainment 

Follow-up in GCS is accomplished through annual phone calls by the 
follow-up team. Deaths in GCS are assessed using various methods. In 
instances where deaths are reported via telephone or through monthly 
reports from local health workers or the provincial death registry, a 
general practitioner from the follow-up team visits the household of the 
deceased and completes a validated verbal autopsy questionnaire. 
Additionally, all relevant medical records, such as medical charts, ra-
diographs, pathology reports, hospital discharge records, etc., are 
collected from all hospitals or pathology centers all over the province. 
Two internists independently review all collected records, including 
verbal autopsy records and medical data, and causes of death are 
recorded using International Classification of Diseases (ICD-10) codes. If 
the results are consistent, the diagnosis is made. However, in cases of 
inconsistency, a more experienced internist reviews all the documents 
and makes the final diagnosis [15]. CVD mortality cases were ascer-
tained based on ICD. The following ICD codes have been included, as 
ischemic heart diseases (IHD) (ICD-10 codes I21.0, I21.1, I21.9 and 
I24.9) and cerebrovascular diseases (ICD-10 codes I60.0, I60.4, I60.9, 
I61.0, I61.5, I61.6, I61.9, I62.9, I63.0, I63.3, I63.9, I64.0, I67.9 and 
I69.8). 

2.4. Statistical analyses 

In this study, quantitative variables were presented as mean ±
Standard Deviation (SD), while qualitative variables were presented as 
numbers and percentages. We estimated the relation between high 
blood pressure, high FBS, high WC, BMI, high blood TG, high LDL-C, and 
CVDs mortality among eligible participants. The Cox proportional haz-
ards model was used to calculate hazard ratios (HRs) with 95 % confi-
dence intervals (CIs). In this study, a segment of the target population 
had to be excluded due to drug intervention. This exclusion specifically 
pertained to individuals aged 50 years and above, leading to a disruption 
in the balance of the population under examination in GCS. Conse-
quently, the HRs in the remaining population involved in this study were 
sex and age standardized based on the population of Golestan province. 
Indeed, we employed inverse probability weighting in our analyses. In 
order to present accurate and reliable findings, adjustments were made 
in all analyses to account for variables, such as age, sex, education level, 
urbanization, and wealth score. As a way to estimate the association 
between BMI and CVD mortality, the models were further adjusted for 
alcohol use, opium use, and smoking. We considered p-value <0.05 to 
be statistically significant. The PAF was calculated based on the pro-
portions of participants who had each risk factor and its association with 
each outcome using the Levin’s formula: 

PAF=
p(HRadj − 1)

1 + p(HRadj − 1)

Where P is the prevalence of the risk factor, and HR is the hazard ratio of 
the disease risk [9,16]. All analyses were performed in STATA software 
V.12 (StataCorp, College Station, TX, USA). 

3. Results 

A total number of 8621 participants had valid laboratory measure-
ments. The age of participants at enrolment ranged between 45 and 75 
years and older. Out of the total sample, 58.4 % were between 45 and 55 
years and 41.6 % were 55 years and older. Among modifiable risk fac-
tors, being overweight or obese (59.9 %) was the most prevalent 
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metabolic factor in the 45–55 years category, followed by high TG (57.9 
%) and high WC (57.6 %). In the 55 years and older age category, the 
most prevalent metabolic factor was high blood pressure (53.2 %), fol-
lowed by high FBS (49.3 %) and high LDL-C (44. 7 %). Participants were 
followed till the end of December 2022, for a median of 10 years and a 
total of 87,933.5 person-years. During the follow-up, we identified 530 
deaths from CVDs (251 IHDs and 170 cerebrovascular diseases, and 109 
other CVDs). Mortality rates for all CVDs, IHDs, cerebrovascular disease, 
and other CVDs were thus: 602.7, 285.4, 193.3, and 123.9 per 100,000 
person-years, respectively. More details of the demographics of all 
participants are provided in Table 1. 

A significant association was found between the following risk fac-
tors and CVDs mortality: high FBS (weighted HR, 3.35 [95 % CI: 
2.71–4.15]), high blood pressure (2.25 [1.83–2.76]), high WC (1.62 
[1.31–2.00]), high TG (1.58 [1.25–1.99]), overweight and obesity (1.43 
[1.17–1.76]), and high LDL-C (1.29 [1.06–1.57]). The HR for in-
dividuals classified as underweight compared to those with a normal 
BMI was determined to lack statistical significance in our study. Table 2 
shows the HRs for the association between metabolic risk factors and 
mortality from CVDs, presented in details. 

The PAFs for each of the modifiable risk factors was evaluated for 
both sexes combined. High WC (28 %, [16%–38 %]) had the highest 
PAF, followed by high FBS (20 %, [15%–24 %]), overweight and obesity 
(19 %, [8%–28 %]), high blood pressure (16 %, [11%–21 %]), high LDL- 
C (8 %, [1%–15 %]), and high TG (7 %, [3%–11 %]). However, there 
was not significant association between underweight and CVDs 
mortality. 

In females, the highest PAFs was observed in participants with high 
WC (41 %, [95 % CI,21%–56 %]) that followed by overweight and 
obesity (27 %, [5%–44 %]), high blood pressure (24 %, [15%–33 %]), 
high FBS (21 %, [13%–28 %]), high LDL-C (14 %, [1%–25 %]), and high 
TG (12 %, [4%–19 %]). Though, no significant association was found 
between being underweight and CVDs mortality in women. Also, the 
highest estimated PAF in males was observed in participants with high 
WC (21 %, [6%–34 %]) that followed by high FBS (19 %, [12%–21 %]), 
and being overweight or obese (15 %, [2%–26 %]), and high blood 
pressure (12 %, [6%–17 %]). However, high LDL-C as well as high TG, 
and underweight was not significantly associated with CVDs mortality in 
men. 

Collectively, 50 % of the PAFs for cardiovascular diseases mortality 

Table 1 
Demographic characteristics and risk factors at the repeated measurement phase of the Golestan Cohort Study participants.  

Variables 45–55 years 55+ years 

Cerebrovascular 
diseases death 

IHDs 
death 

CVDs 
death 

Total Cerebrovascular 
diseases death 

IHDs 
death 

CVDs 
death 

Total 

44 (0.87 %) 83 (1.65 
%) 

154 (3.06 
%) 

5032 
(58.37 %) 

126 (3.51 %) 168 
(4.68 %) 

376 
(10.84 %) 

3589 
(41.63 %) 

Sex Female 21 (0.75 %) 34 (1.21 
%) 

64 (2.28 
%) 

2803 
(61.48 %) 

44 (2.51 %) 64 (3.65 
%) 

139 (7.92 
%) 

1756 
(38.52 %) 

Male 23 (1.03 %) 49 (2.20 
%) 

90 (4.04 
%) 

2229 
(54.87 %) 

82 (4.47 %) 104 
(5.67 %) 

237 
(12.93 %) 

1833 
(45.13 %) 

Residence Urban 6 (0.63 %) 11 (1.16 
%) 

21 (2.21 
%) 

949 (47.93 
%) 

27 (2.62 %) 38 (3.69 
%) 

305 
(11.93 %) 

1031 
(52.07 %) 

Rural 38 (0.93 %) 72 (1.76 
%) 

133 (3.26 
%) 

4083 
(61.48 %) 

99 (3.87 %) 130 
(5.08 %) 

71 (6.89 
%) 

2558 
(38.52 %) 

Education Illiterate 31 (1.09 %) 49 (1.73 
%) 

98 (3.45 
%) 

2839 
(51.84 %) 

99 (3.76 %) 134 
(5.08 %) 

69 (7.25 
%) 

2637 
(48.16 %) 

Educated 13 (0.59 %) 34 (1.55 
%) 

56 (2.55 
%) 

2193 
(69.73 %) 

27 (2.84 %) 34 (3.57 
%) 

307 
(11.56 %) 

952 (30.27 
%) 

Wealth score Poor 18 (1.22 %) 30 (2.04 
%) 

60 (4.07 
%) 

1473 
(55.27 %) 

50 (4.19 %) 69 (5.79 
%) 

158 
(13.26 %) 

1192 
(44.73 %) 

Intermediate 14 (0.88 %) 32 (2.01 
%) 

55 (3.45 
%) 

1593 
(60.89 %) 

41 (4.01 %) 50 (4.89 
%) 

115 
(11.25 %) 

1023 
(39.11 %) 

Rich 12 (0.61) 21 (1.07 
%) 

39 (1.98 
%) 

1966 
(58.86 %) 

35 (2.55 %) 49 (3.57 
%) 

103 (7.50 
%) 

1374 
(41.14 %) 

Body mass index 
(kg/m2) 

Normal 18 (1.07 %) 23 (1.36 
%) 

48 (2.84 
%) 

1690 
(56.41 %) 

43 (3.30 %) 56 (4.29 
%) 

131 
(10.04 %) 

1306 
(43.59 %) 

Underweight 2 (1.24 %) 5 (3.11 
%) 

7 (4.35 
%) 

161 (51.11 
%) 

5 (3.25 %) 9 (5.84 
%) 

24 (15.58 
%) 

154 (48.89 
%) 

Overweight and 
obese 

24 (0.75 %) 55 (1.73 
%) 

99 (3.11 
%) 

3180 
(59.90 %) 

78 (3.66 %) 103 
(4.84 %) 

221 
(10.38 %) 

2129 
(40.10 %) 

High FBS Yes 14 (2.92 %) 24 (5.01 
%) 

50 (10.44 
%) 

479 (50.69 
%) 

19 (4.08 %) 46 (9.87 
%) 

83 (17.81 
%) 

466 (49.31 
%) 

No 30 (0.666 %) 59 (1.30 
%) 

104 (2.29 
%) 

4532 
(59.72 %) 

105 (3.43 %) 119 
(3.89 %) 

286 (9.36 
%) 

3057 
(40.28 %) 

High WC (cut-off: 
90 cm) 

Yes 34 (1.01 %) 62 (1.84 
%) 

120 (3.56 
%) 

3367 
(57.57 %) 

96 (3.87 %) 127 
(5.12 %) 

273 
(11.00 %) 

2482 
(42.43 %) 

No 10 (0.60 %) 21 (1.26 
%) 

34 (2.04 
%) 

1663 
(60.08 %) 

30 (2.72 %) 41 (3.71 
%) 

103 (9.33 
%) 

1105 
(39.92 %) 

High TG Yes 5 (0.71 %) 21 (2.97 
%) 

33 (4.67 
%) 

706 (57.87 
%) 

19 (3.70 %) 30 (5.84 
%) 

64 (12.45 
%) 

514 (42.13 
%) 

No 39 (0.90 %) 62 (1.44 
%) 

121 (2.81 
%) 

4310 
(58.89 %) 

105 (3.49 %) 135 
(4.49 %) 

305 
(10.14 %) 

3009 
(41.11 %) 

High LDL-C Yes 16 (1.04 %) 29 (1.88 
%) 

54 (3.50 
%) 

1541 
(55.29 %) 

43 (3.45 %) 68 (5.46 
%) 

138 
(11.08 %) 

1246 
(44.71 %) 

No 27 (0.81 %) 48 (1.43 
%) 

89 (2.66 
%) 

3350 
(60.25 %) 

77 (3.48 %) 91 (4.12 
%) 

217 (9.82 
%) 

2210 
(39.75 %) 

High blood 
pressure 

Yes 26 (0.59 %) 23 (3.88 
%) 

46 (7.76 
%) 

593 (46.80 
%) 

86 (2.95 %) 43 (6.38 
%) 

109 
(16.17 %) 

674 (53.20 
%) 

No 18 (3.04) 60 (1.35 
%) 

108 (2.43 
%) 

4439 
(60.36 %) 

40 (5.93 %) 125 
(4.29 %) 

267 (9.16 
%) 

2915 
(39.64 %)  
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were attributable to the all-measured risk factors in both sexes com-
bined, 43 % in males and 67 % in females. The PAF comparison for each 
sex-specific metabolic risk factor is presented in Fig. 1, which demon-
strates how the PAFs differ in the CVDs associated risk in males and 
females. More details of the PAFs of CVDs mortality are provided in 
Table 2. 

Also, we assessed the HRs and PAFs due to metabolic risk factors 
separately for cerebrovascular diseases and IHDs mortality. The highest 
PAF of cerebrovascular mortality was due to high WC, followed by high 
blood pressure and high FBS. The highest PAF of IHD mortality was due 
to high WC, followed by overweight and obesity and high FBS. The 
details are presented in Tables 3 and 4 and the PAFs of metabolic risk 
factors by sex for cerebrovascular disease and IHD are demonstrated in 
Figs. 2 and 3. 

4. Discussion 

The present study reports data from a large cohort in Iran and esti-
mated the disease-specific mortality attributable to metabolic risk fac-
tors. Results showed that the most significant proportions of PAFs for 
CVDs mortality were attributable to high WC, overweight and obesity, 
high FBS, and high blood pressure, respectively. In females, the esti-
mated PAFs resulting from high LDL-C and high TG levels were nearly 
three times higher, and the PAFs for high blood pressure were found to 
be twice as high compared to males. The findings indicated a significant 
proportion of approximately half of the CVD mortality to be attributable 
to metabolic risk factors (joint PAF = 50 %). Females presented a higher 
joint PAF of metabolic risk factors compared with males. To the best of 
our knowledge, this is the first study to estimate the PAFs for CVD death 

Table 2 
PAFs and HRs for associations between demographic and metabolic risk factors and CVDs mortality at the repeated measurement phase of the Golestan Cohort Study.  

Variables Adjusteda HR 
(95%CI) 

P- 
Value 

PAF (95% 
CI) 

Adjusted aHR 
(95%CI) 

P-Value PAF (95% 
CI) 

Adjusteda HR 
(95%CI) 

P-Value PAF (95% 
CI) 

All Male Female 

Body mass 
index (kg/ 
m2)b 

Normal 
weight 

Ref Ref Ref Ref Ref Ref Ref Ref Ref 

Under weight 1.45 
(0.95–2.21) 

0.08 5 % (− 1%– 
11 %) 

1.23 
(0.71–2.11) 

0.46 2 % (− 4%– 
8%) 

1.78 
(0.89–3.56) 

0.10 10 % 
(− 5%–24 
%) 

Over weight 
and obese 

1.43 
(1.17–1.76) 

<0.001 19 % (8 %– 
28 %) 

1.37 
(1.07–1.77) 

0.01 15 % (2 %– 
26 %) 

1.55 
(1.09–2.21) 

0.01 27 % (5 %– 
44 %) 

High WC (cut- 
off: 90 cm)b 

No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.62 

(1.31–2.00) 
<0.001 28 % (16 

%–38 %) 
1.44 
(1.11–1.88) 

0.00 21 % (6 %– 
34 %) 

2.02 
(1.40–2.92) 

<0.001 41 % (21 
%–56 %) 

High blood 
pressure 

No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 2.25 

(1.83–2.76) 
<0.001 16 % 

(11%–21 
%) 

1.92 
(1.46–2.53) 

<0.001 12 % (6 %– 
17 %) 

2.73 
(2.00–3.71) 

<0.001 24 % (15 
%–33 %) 

High TG No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.58 

(1.25–1.99) 
<0.001 7 % (3 %– 

11 %) 
1.34 
(0.97–1.84) 

0.07 4 % (− 1%– 
8%) 

1.96 
(1.39–2.76) 

<0.001 12 % (4 %– 
19 %) 

High LDL-C No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.29 

(1.06–1.57) 
0.01 8 % (1 %– 

15 %) 
1.19 
(0.92–1.54) 

0.17 5 % (− 2%– 
12 %) 

1.44 
(1.06–1.96) 

0.02 14 % (1 %– 
25 %) 

High FBS No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 3.35 

(2.71–4.15) 
<0.001 20 % (15 

%–24 %) 
3.42 
(2.60–4.51) 

<0.001 19 % (13 
%–25 %) 

3.25 
(2.33–4.54) 

<0.001 21 % (11 
%–28 %) 

Joint PAF  50 % (38%–60 
%)    

43 % 
(27%–55 
%)   

67 % 
(50%–78 
%)   

a Adjusted for age, education, urbanization, and wealth status. 
b For BMI and WC, the model was adjusted for alcohol, opium use and tobacco smoking in addition to age, education, urbanization and wealth status. 

Fig. 1. PAFs of metabolic risk factors attributable CVDs mortality at the repeated measurement phase of the Golestan Cohort Study by sex.  
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and its subgroups due to the highly prevalent metabolic risk factors in an 
Iranian population with a median follow-up of 10 years. Patterns of 
CVDs attributable to metabolic risk factors in this study are not the same 
as those in other parts of the world and even previous studies in Iran. 

High WC and obesity were significantly associated with an increased 

risk of CVD-related mortality in males, females, and both sexes com-
bined with cut-off point of 90 cm. WC is one of the most important 
predictors of CVDs risk. Various studies have been conducted regarding 
the relationship between high WC and CVD mortality, which reported 
this association in both sexes. Similarly, the PAF of 17 % was reported 

Table 3 
PAFs and HRs for associations between demographic and metabolic risk factors and cerebrovascular disease mortality at the repeated measurement phase of the 
Golestan Cohort Study.  

Variables Adjusteda HR 
(95%CI) 

P- 
Value 

PAF (95% 
CI) 

Adjusted aHR 
(95%CI) 

P- 
Value 

PAF (95% 
CI) 

Adjusteda HR 
(95%CI) 

P- 
Value 

PAF (95% 
CI) 

All Male Female 

Body mass 
index (kg/ 
m2)b 

Normal Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Underweight 0.90 

(0.39–2.07) 
0.81 0 % (− 8%– 

6%) 
0.51 
(0.13–1.92) 

0.32 − 4% 
(− 12%–2%) 

1.59 
(0.52–4.91) 

0.81 6 % (− 14%– 
24 %) 

Overweight and 
obese 

1.23 
(0.86–1.76) 

0.26 11 % 
(− 10%–28 
%) 

1.29 
(0.83–2.02) 

0.26 12 % 
(− 11%–31 
%) 

1.15 
(0.63–2.09) 

0.65 9 % (− 39%– 
41 %) 

High WC (cut- 
off: 90 cm)b 

No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.90 

(1.29–2.79) 
<0.001 36 % (15%– 

52 %) 
2.21 
(1.35–3.61) 

<0.001 41 % (15%– 
60 %) 

1.51 
(0.82–2.77) 

0.18 26 % 
(− 18%–54 
%) 

High blood 
pressure 

No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 2.79 

(1.98–3.94) 
<0.001 22 % (13%– 

31 %) 
2.27 
(1.44–3.57) 

<0.001 16 % (4%– 
26 %) 

3.71 
(2.18–6.30) 

<0.001 33 % (15%– 
47 %) 

High TG No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.00 

(0.63–1.59) 
0.99 0 % (− 6%– 

6%) 
1.19 
(0.66–2.14) 

0.57 2 % (− 5%– 
95 %) 

0.76 
(0.36–1.62) 

0.48 − 3% 
(− 12%–4%) 

High LDL-C No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.05 

(0.75–1.49) 
0.75 2 % (− 9%– 

12 %) 
0.95 
(0.60–1.51) 

0.83 − 1% 
(− 15%–10 
%) 

1.25 
(0.73–2.15) 

0.41 9 % (− 15%– 
28 %) 

High FBS No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 2.31 

(1.46–3.40) 
<0.001 11 % (3%– 

19 %) 
2.27 
(1.31–3.93) 

0.004 11 % (9%– 
20 %) 

2.18 
(1.13–4.21) 

<0.001 12 % (− 1%– 
24 %) 

Joint PAF  54 % (33%–68 
%)   

55 % (28%–72 
%)   

55 % (19%–75 
%)    

a Adjusted for age, education, urbanization, and wealth status. 
b For BMI and WC, the model was adjusted for alcohol, opium use and tobacco smoking in addition to age, education, urbanization and wealth status. 

Table 4 
PAFs and HRs for associations between demographic and metabolic risk factors and IHD mortality at the repeated measurement phase of the Golestan Cohort Study.  

Variables Adjusteda HR 
(95%CI) 

P- 
Value 

PAF (95% 
CI) 

Adjusted aHR 
(95%CI) 

P- 
Value 

PAF (95% 
CI) 

Adjusteda HR 
(95%CI) 

P- 
Value 

PAF (95%CI) 

All Male Female 

Body mass index 
(kg/m2)** 

Normal Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Under weight 1.49 (0.80- 

0.2.77) 
0.21 5 % (− 4%– 

14 %) 
1.18 
(0.51–2.72) 

0.70 2 % (− 8%– 
11 %) 

1.83 
(0.67–4.97) 

0.23 11 % 
(− 12%–30 
%) 

Over weight 
and obese 

1.57 
(1.17–2.12) 

0.003 24 % (8%– 
37 %) 

1.60 
(1.11–2.30) 

0.01 22 % (4%– 
37 %) 

1.49 
(0.90–2.47) 

0.12 25 % (− 9%– 
49 %) 

High WC (cut- 
off: 90 cm)** 

No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.62 

(1.18–2.21) 
0.003 28 % 

(10%–43 
%) 

1.34 
(0.91–1.98) 

0.14 17 % 
(− 8%–37 
%) 

2.22 
(1.27–3.88) 

0.005 45 % (14%– 
65 %) 

High blood 
pressure 

No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 2.04 

(1.49–2.75) 
<0.001 14 % (6%– 

21 %) 
1.73 
(1.14–2.63) 

0.01 9 % (1%– 
17 %) 

2.39 
(1.51–3.80) 

<0.001 20 % (7%– 
32 %) 

High TG No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.80 

(1.31–2.49) 
<0.001 9 % (3%– 

15 %) 
1.35 
(0.86–2.11) 

0.19 4 % (− 3%– 
11 %) 

2.56 
(1.60–4.10) 

<0.001 18 % (6%– 
28 %) 

High LDL-C No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.48 

(1.12–1.95) 
0.006 13 % (3%– 

22 %) 
1.37 
(0.95–1.97) 

0.09 9 % (− 3%– 
20 %) 

1.64 
(1.05–2.56) 

0.03 19 % (− 1%– 
35 %) 

High FBS No Ref Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 3.79 

(2.83–5.08) 
<0.001 23 % 

(15%–29 
%) 

3.77 
(2.57–5.54) 

<0.001 22 % (12%– 
30 %) 

3.85 
(2.44–6.07) 

<0.001 25 % (13%– 
35 %) 

Joint PAF  52 % (35%–65 
%)   

42 % (17%–60 
%)   

72 % (44%–85 
%)    

a Adjusted for age, education, urbanization, and wealth status ** For BMI the model was adjusted for alcohol, opium use and tobacco smoking in addition to age, 
education, urbanization and wealth status. 
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for central obesity related to CVD event in a study was conducted among 
Iranian population in 2016 [17]. Additionally, a study by Pirani et al. 
indicated that overweight and obesity had PAF of 5.9 % [18]. Our results 
report a much higher PAF for high WC and overweight and obesity than 
previous studies in Iran, which shows there is an urgent need for in-
terventions to control and reduce the prevalence of overweight and 
obesity in Iran, even pharmacologically in addition to 
non-pharmacological routine life style advice [19,20]. Recent evidence 
has demonstrated that WC, as a measure of abdominal obesity, is 
strongly associated with higher mortality independent of BMI [21]. High 
WC has been linked to increased CVD mortality, even among individuals 
with normal BMI, emphasizing the importance of WC as a risk factor for 
mortality in older adults [22]. We didn’t detect significant collinearity 
between WC and BMI. 

High FBS contributed to 20 % of CVD mortality in our study. High 
FBS is widely recognized as the primary metabolic risk factor associated 
with CVDs mortality [23]. The study by Pirani et al., in 2017 estimated 
that 7 %, of CVD mortality was due to diabetes in Iran [18]. According to 
the Global burden of disease study in 2019, estimated PAF of high FBS 
regarding CVD mortality in Iran was 12.2 % [1]. The higher estimations 

of PAF in our study may reflect the growing trend of prevalence of 
diabetes and high FBS in Iran [24]. Prevention programs for diabetes 
have been developed for years now and should be implemented in na-
tional policy making to control and reverse the increasing trend in 
diabetes in Iran [25]. 

In our study, we observed that high blood pressure predicts a rela-
tively low proportion of mortality for total and subcomponents of CVDs 
(16 %), and particularly cerebrovascular diseases (22 %) compared to 
studies in other parts of the world and other previous studies in Iran. The 
study by Pirani et al., in 2017 estimated the proportion of CVDs 
attributable to hypertension to be 11.4 % in Iran [18]. Also, based on the 
GBD results the estimated PAF in Iran was 24.4 % in 2019 [1]. The most 
substantial finding, a PAF of 22 % for cerebrovascular disease mortality 
associated with HTN, was present among participants. In the given 
statement, it is mentioned that a study conducted by Donald Clark III 
et al. found a population-attributable risk of 32.5 % for CVDs and 38.9 % 
for stroke [26]. The lower PAF for hypertension in our study may reflect 
the success of the hypertension surveillance in rural regions of Iran [27]. 

In the present study the estimated PAF due to high blood pressure 
was much higher in females compared with males. Currently, there is no 

Fig. 2. PAFs of metabolic risk factors attributable cerebrovascular mortality at the repeated measurement phase of the Golestan Cohort Study by sex.  

Fig. 3. PAFs of metabolic risk factors attributable IHD mortality at the repeated measurement phase of the Golestan Cohort Study by sex.  
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consensus in this regard. A previous longitudinal cohort study showed a 
stronger association between HTN and stroke in females compared with 
males [28]. There are several possible explanations for these results. 
Hormonal and biological mechanisms (preeclampsia, autoimmune dis-
eases, alternation in left ventricular (LV) systolic and diastolic function), 
sex specific synergistic effects between HTN and other risk factors such 
as diabetes, and different efficacy of the antihypertensive drug are some 
of the particular determinants among females which may contribute to 
higher CVDs mortality than males [28]. 

Generally, our results showed sex difference in the PAFs of CVDs risk 
factors. Joint PAF in females was higher than males. In a study that was 
conducted in Iran (2011), the joint PAFs for the effects of high systolic 
blood pressure, fasting plasma glucose, total cholesterol, and BMI on 
IHD and stroke were higher in females than in males due to more 
prominent exposure [29]. These sex differences may be due to social, 
psychological, biological, and genetic reasons [30]. Also, this finding 
may be partly explained by the fact that the participants in this study 
were over 45 years old, with a majority of menopausal females, and is in 
line with previous research demonstrating that menopause has been 
associated with an increased CVDs mortality risk in females [31,32]. It 
has been shown that females tend to have higher rates of obesity, HTN, 
hyperglycemia and dyslipidemia [33–35]. It is important for healthcare 
officials to address sex differences and possible inequities and in-
equalities in provided care. 

Almost 50 % of CVD mortality was attributable to joint metabolic 
risk factors. Study results suggest that the joint effect of these metabolic 
factors may be more relevant to CVDs mortality than their independent 
effects. A holistic approach to simultaneously address several metabolic 
risk factors may be more effective than strategies addressing each risk 
factor separately. In this regard, the package of essential non- 
communicable (PEN) disease intervention for primary care in low- 
resource settings was launched in 2010 by the WHO to deliver care 
with adequate quality and consequently, reduce the burden of non- 
communicable diseases in developing countries. In Iran, the IraPEN 
program has been launched based on the WHO framework. The cost- 
effectiveness of the program needs to be evaluated and the program 
needs to be updated based on diverse trends of CVD risk factors among 
Iranians [36,37]. 

The strengths of our study lie in several aspects. Firstly, we utilized a 
large population-based sample of Iranian adults, which enhances the 
generalizability of our findings. Additionally, we implemented a rela-
tively long follow-up time to accurately assess CVDs mortality rates. This 
allowed us to estimate hazard ratios with a low degree of uncertainty, 
thereby revealing the association between metabolic risk factors and 
CVDs mortality. One notable contribution of our research lies in the 
meticulous exclusion of participants exhibiting pre-existing cardiovas-
cular disease at baseline. This deliberate selection enabled us to enhance 
our comprehension of the impacts that different metabolic risk factors 
have on the likelihood of mortality due to CVDs. 

Nonetheless, our study had some limitations. The exposure data did 
not include individuals younger than 45 years of age. However, it is 
worth mentioning that previous studies have demonstrated that the 
prevalence of metabolic risk factors is lowest in those younger than 40 
years. Additionally, we have measured the exposure to risk factors at one 
point in time (the first repeated measurement) and have not explored 
their trends across the cohort. This topic will be addressed in future 
analyses as data from next repeated measurements will be collected in 
GCS. Generally speaking, our results pertain to a localized setting. We 
have found results that are not quite compatible with other similar re-
sults at other time points. This provides a call for action aimed to 
identify the CVD risk factors at local scales and in different countries. 
The different distribution of CVD risk factors in our study may be due to 
differences in life style and culture between communities. These may 
involve increase in prevalence of obesity in recent years in Iran [38] and 
decrease in the CVD mortality attributable to high blood pressure as a 
result of implementing national surveillance system for blood pressure 

control. These highlight the necessity of exploring the contribution of 
specific risk factors to CVD across communities and time periods. 

5. Conclusions 

In conclusion, using attributable fractions offers a valuable method 
for quantifying the impact of metabolic risk factors on CVDs morbidity 
and mortality. The findings of this study reveal that the contribution of 
various metabolic risk factors to CVD mortality may have different 
geographical and temporal patterns across various populations. Addi-
tionally, the design of studies, whether cross-sectional or longitudinal, 
may affect estimates for PAF of various metabolic risk factors. Our re-
sults showed relatively higher PAFs for overweight and obesity and high 
FBS and lower PAFs for hypertension compared with previous reports 
for Iran and other parts of the world. This highlights the need for 
updated data gathering and meticulous policy making in different set-
tings. The IraPEN can be a good beginning for surveillance and control of 
metabolic risk factors in Iran and similar approaches in other low- 
resource countries. 
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