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Abstract
Background There is a substantial disparity in coronary artery disease (CAD) burden between Iran and other nations 
that place a strong emphasis on the assessment of CAD risk factors and individuals’ awareness and ability to control 
them.

Methods Two thousand participants of a community-based Iranian population aged 20–74 years were investigated 
with a mean follow-up of 9.9 years (range: 7.6 to 12.2). An analysis of Cox regression was conducted to determine the 
association between CAD development and classic risk factors such as age, sex, smoking, physical activity, education, 
obesity, dyslipidemia, hypertension, and diabetes mellitus. Furthermore, we computed the population attributable 
fraction for these risk factors.

Results After a follow-up period of nearly 10 years, 225 CAD events were reported, constituting 14.5% of the overall 
incidence. Nighty three percent of participants had more than one risk factor. Age was the most predictive risk 
factor, with a hazard ratio (HR) and confidence interval (CI) of 5.56 (3.87–7.97, p < 0.001) in men older than 45 and 
females older than 55 compared to lower ages. In comparison to females, males had an HR of 1.45 (CI: 1.11–1.90, p 
value = 0.006) for developing CAD. Nearly 80% of the patients had dyslipidemia, with a hazard ratio of 2.19 (CI: 1.40–
3.44, p = 0.01). Among the participants, 28.9% had hypertension, and 52% had prehypertension, which had HRs of 4.1 
(2.4–7.2, p < 0.001) and 2.4 (1.4–4.2, p < 0.001), respectively. Diabetes, with a prevalence of 17%, had an HR of 2.63 (CI: 2 
-3.47, p < 0.001), but prediabetes was not significantly associated with CAD. Awareness of diabetes, dyslipidemia, and 
hypertension was 81%, 27.9%, and 48.1%, respectively. Regarding medication usage, the corresponding percentages 
were 51% for diabetes, 13.2% for dyslipidemia, and 41% for hypertension.

Conclusions Compared to previous studies in Iran and neighboring countries, the current study found a higher 
incidence of CAD, more prevalent risk factors, and a lower awareness and ability to control these risk factors. Thus, an 
effective preventive strategy is needed to reduce the CAD burden in Iran.
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Introduction
Globally, cardiovascular disease (CVD) is the leading 
cause of disability and premature death [1]. Coronary 
artery disease (CAD) emerges as the predominant form 
of CVD [2]. According to the global burden of disease 
(GBD) data, CAD was responsible for 16.2% of all-cause 
deaths and 7.19% of disability-adjusted life years (DALY) 
worldwide in 2019 [3]. Notably, over 75% of CVD deaths 
occur in low- and middle-income countries, indicating 
that CVD disproportionately affects low/middle-income 
countries [4].

GBD reports that Iran had 593,000 new CAD cases 
in 2019, accounting for 26.2% of all deaths and 10.3% of 
DALYs, higher than the global average. A 2014 study in 
Tehran, the capital city of Iran, found that men’s CAD 
incidence rate was 11.9 per 1000 person-years, while 
women’s was 6.5, similar to those in the United States 
in the 1970s [5]. In order to address this disparity, a sys-
temic preventive plan should be established both at the 
community and individual levels.

The concept of prevention refers to a set of coordi-
nated actions aimed at reducing or eliminating diseases 
and their disabilities [6]. The initial stage of this con-
cept involves identifying and assessing the extent of the 
burden and its contributing variables. Hence, doing a 
thorough examination of the incidence of CAD and the 
prevalence of its associated risk factors in the population, 
as well as determining the individual contribution of each 
risk factor to the development of this illness, is an essen-
tial aspect in CAD prevention at community level and 
can significantly impact future actions [7]. Furthermore, 
a component of this concept pertains to the individual 
level, specifically if the person is cognizant of their risk 
factors and whether they take any proactive or therapeu-
tic measures to address those risk factors [7].

Numerous studies have investigated the cardiovascular 
health situation in our region, revealing the prevalence of 
risk factors such as hypertension, obesity, diabetes, and 
dyslipidemia. In 2018, a review of cardiovascular disease 
surveys in the Eastern Mediterranean region revealed 
that Iran had a prevalence of 20.4% for hypertension, 
12.2% for impaired glucose, 54.1% for dyslipidemia, 62.3% 
for overweight, and 26.1% for obesity [8], however, all of 
these statistics date back to before 2010. A national study 
conducted based on STEPwise approach to non-commu-
nicable disease risk factor surveillance (STEPS) in Iran in 
2021, revealed the following prevalence rates of CAD risk 
factors: 51.3% of the population had low physical activ-
ity, 19.4% were smokers, 32% had hypertension, 63% had 
BMIs over 25, and 17.5% had diabetes [9]. However, these 

risk factors were not evaluated for their impact on CAD 
incidence. Although there have been several attempts 
to compile the burden of CAD in Iran in the past [2, 5, 
10–12], there is no comprehensive analysis available that 
compares risk factors, their attributable risk, self-aware-
ness of people about them, and medications use for risk 
factors in a single framework.

Based on the aforementioned findings, we conducted 
a prospective cohort study to ascertain the incidence of 
CAD, investigate the prevalence of risk factors linked to 
CAD, analyze the hazard ratios, calculate the population 
attributable fractions, assess individuals’ awareness of 
these risk factors, and evaluate the consumption of medi-
cation in relation to CAD risk factors.

Methods
Study setting
This cohort study was based on the Yazd Healthy Heart 
Project (YHHP), which evaluated cardiovascular diseases 
and metabolic disorders in a population-based setting. In 
this project, 100 clusters were selected based on the city’s 
geographic locations, and 20 families were identified in 
each cluster. One adult between the ages of 20 and 74 was 
selected randomly from each family for participation and 
evaluation (n = 2000, 1000 men, 1000 women). The Yazd 
Cardiovascular Research Center (YCRC) evaluated par-
ticipants only twice, once during the study’s inception 
(2005–2006) and again after ten years (2015–2016).

Ethical statement
The present study was approved by the Shahid Sadoughi 
University of Medical Sciences ethics committee (eth-
ics code: IR.SSU.REC.1397.188) and conducted based 
on the Declaration of Helsinki on medical research [13]. 
Informed consent was obtained from the study partici-
pants during the initial and follow-up phases. The pres-
ent research is based on strengthening the reporting of 
observational studies in epidemiology (STROBE) state-
ment [14].

Included participants
From the 2000 participants, 17 were eliminated from the 
study due to loss during the second phase; from the 1983 
individuals participating in the baseline examination, 
62 were excluded due to diagnosis of CAD at baseline, 
78 due to death during the study, and 308 due to miss-
ing data [15]. The remaining 1552 participants (804 men, 
mean age 48.6 ± 14.7 years) were included in the present 
study. Participants were evaluated in both phases as out-
lined below.

Keywords Coronary artery disease, Epidemiology, Yazd Healthy Heart cohort, Incidence, Prevalence, Risk factor, 
Awareness, Medication adherence
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Clinical and biological data
Laboratory tests were performed after overnight fast-
ing. We measured glucose and triglyceride (TG) after 
centrifugation using kits from Pars Azmoon Inc. (Teh-
ran, Iran). Lipid profiles (total cholesterol, low-density 
lipoprotein [LDL], and high-density lipoprotein [HDL]) 
were analyzed with Bionic kits (Bionic Company, Tehran, 
Iran). The analyses were carried out using a biochemical 
autoanalyzer (BT 3000, Italy). Prediabetes was defined as 
fasting blood sugar (FBS) values between 100 mg/dl and 
125 mg/dl. Diabetes was defined as FBS values ≥ 126 mg/
dl or confirmed diabetes by a physician. Dyslipidemia 
was defined as TG ≥ 150 mg/dl or LDL ≥ 130 or HDL ≤ 40 
in men or ≤ 50 in women or total cholesterol ≥ 200 mg/
dl or medical treatment or confirmed dyslipidemia by a 
physician.

Anthropometric features
The participants’ heights were measured using a stadiom-
eter fixed to a wall with no dents or bumps. They stood 
barefoot, their heels, hips, shoulders, and heads touch-
ing the wall, and their heads were fixed horizontally. A 
0.5 cm margin of error was used to measure the heights. 
Participants were weighed to the nearest 0.1  kg in the 
first phase using a digital scale (Seca, Germany) with 
minimal clothing and in the second phase using a body 
composition monitor and scale (Model BF511, Omron 
Co. Karada body scan, Osaka, Japan). The superior bor-
der of the iliac crest and widest part of the buttock were 
considered to measure waist and hip circumferences, 
respectively, to the nearest 0.1  cm using a nonstretch-
able tape. To be considered obese, a person had to have 
either a BMI > 30, a waist circumference > 94 cm in men 
or > 80 cm in women, or a waist-to-hip ratio > 0.9 in men 
or > 0.85 in women [16].

Blood pressure measurements
A digital automatic blood pressure monitor (Omron, M6 
comfort, Osaka, Japan) was used to measure blood pres-
sure in participants’ right arms in a sitting position. Nurs-
ing staff measured blood pressure twice, with a 5-minute 
interval between measurements. Prehypertension was 
defined as systolic blood pressure ≥ 120 mmHg and < 140 
mmHg or diastolic blood pressure ≥ 80 mmHg and < 90 
mmHg. Hypertension was defined as systolic blood pres-
sure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg or 
medication consumption for hypertension.

Physical activity, education, awareness and medicine 
consumption
Questionnaires that were completed by trained inter-
viewers were used to collect demographic information, 
education, physical activity, smoking habits, and angina 
pectoris. Educational attainment was categorized into 

primary, high school, and academic education categories. 
The International Physical Activity Questionnaire (IPAQ) 
[17] was used to assess physical activity. As part of this 
questionnaire, participants were asked about their num-
ber of days and the amount of time they spent walking, 
participating in moderate intensity activity, and partici-
pating in vigorous activity. According to these questions, 
an index called MET-hours per week is calculated that is 
equal to 1 kcal/kg/hr [18], and based on this index, par-
ticipants were divided into low-, moderate-, and high-
activity groups. Participants were divided into groups of 
smokers or nonsmokers based on their current smoking 
status. We asked participants about past medical history 
and drug history related to diabetes, dyslipidemia, and 
hypertension. As a result of these histories, we were able 
to assess whether these risk factors were known and how 
they were treated medically.

Outcome definition
CAD events were defined as occurrences of fatal and 
nonfatal CAD, myocardial infarction (MI), percutane-
ous coronary intervention (PCI), coronary artery bypass 
grafting (CABG), and new angina pectoris. The diagno-
sis of new angina was based on positive findings from 
the Rose angina questionnaire in addition to positive 
electrocardiogram changes, elevated cardiac enzymes, 
and positive exercise tolerance test or coronary artery 
angiogram. Electrocardiogram findings were confirmed 
by two people, a general practitioner, and a trained nurse 
and confirmed by a cardiologist if controversies existed. 
According to medical records, the time of outcome for 
fatal and nonfatal CAD, MI, CABG, positive exercise 
tests, positive cardiac enzymes, and PCI was determined.

Statistical analysis
Statistical analyses were performed with SPSS version 
24.0 (IBM Corp., Armonk, NY, USA). Categorical vari-
ables were described as numbers (percentages) and were 
compared using chi-square tests. Continuous variables 
were described as mean and standard deviation and were 
compared using T tests. The incidence of CAD was cal-
culated using the following equation:

 
Incidence/1000person− year =

(
NewCases

Population× T imeframe

)

Older age was defined as being older than 45 years in men 
and 55 years in women. Gender, smoking, physical activ-
ity, education, obesity, dyslipidemia, hypertension, and 
diabetes were analyzed as categorical variables. All cat-
egorical variables were analyzed in the total population 
and additionally based on sex-specific distribution. Cox 
regression was used to estimate the risk of CAD devel-
opment, and the results were expressed as hazard ratios 
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and 95% confidence intervals. Population attributable 
fraction (PAF) was calculated to determine the percent-
age of outcomes that could be prevented by removing a 
risk factor.

PAF= (P * (RR-1)) / (1 + P * (RR-1)).
P = The proportion of exposed subjects in the entire 
study population.
RR= (a / (a + b)) / (c / (c + d)).

For protective factors, that have a negative RR, the PAF is 
negative. Factors that did not show any significant effect 
on CAD were excluded from PAF analysis.

Results
Characteristics of participants
Table 1 presents a comprehensive summary of the diabe-
tes, dyslipidemia, blood pressure, and obesity statuses of 
the participants who were included in the study in com-
parison to those who were omitted from the analysis. 
Other characteristics of the study participants according 

to the follow-up process were previously published. 
Included participants were older and significantly more 
male [15]. Men were heavier, smoked more, had higher 
educational levels, and had higher blood pressure, as well 
as lower HDL-cholesterol levels, total cholesterol, and 
LDL-cholesterol [15].

Incidence of coronary artery disease
A total of 225 CAD events were reported after a follow-
up period of 15,420.11 person-years. Of these, 135 events 
occurred in men and 90 in women. The 10-year cumu-
lative incidence rate for males was 16.8 (14.4–19.2) per 
1000 person-years, whereas for females, it was 12.0 (9.5–
14.5). The incidence of new-onset CAD at the second 
visit was 14.5% (Table 2).

Risk factors, awareness, and medication utilization
Figure 1 demonstrates follow-up process and prevalence 
of CAD risk factors. Only 7% of our population was free 
of CAD risk factors. 78% of the participants had two or 
more risk factors. The prevalence of diabetes, hyper-
tension and dyslipidemia was 17%, 28.91%, and 80.1%, 
respectively, in the first phase. The rates of awareness for 
diabetes, dyslipidemia, and hypertension were found to 
be 81%, 27.9%, and 48.1%, respectively. In regard to the 
medication prescribed usage, the respective proportions 
were found to be 51% for diabetes, 13.2% for dyslipid-
emia, and 41% for hypertension.

Contribution of risk factors in CAD development
Table 3 demonstrates the HR of different risk factors for 
the 10-year incidence of CAD. Older age had an HR of 
5.56 (3.87–7.97, p value = 0.0001) compared to the lower 
age group. Male gender in comparison to female gender 
had an HR of 1.45 (CI: 1.11–1.90, p value = 0.006). Smok-
ing was associated with a significant risk of CAD, with an 
HR of 1.42 (CI: 1.05–1.93, p value = 0.02). However, this 
association was not significant after gender stratifica-
tion. Dyslipidemia, with an HR of 2.19 (CI: 1.40–3.44, p 
value = 0.01), was an important risk factor for CAD. Pre-
hypertension had an HR of 2.38 (CI: 1.36–4.18, p value 
< 0.01), and hypertension had an HR of 4.13 (CI: 2.36–7.2, 
p value < 0.01). Diabetes had an HR of 2.63 (CI: 2-3.47, p 
value < 0.01), but prediabetes was not significantly related 
to CAD.

Table 1 Characteristics of the participants based on inclusion 
process at baseline
Variable Included

N = 1552
Excluded
N = 448

P 
value

Dyslipidemia 1239(80.1) 323(73.2) 0.07
Total cholesterol 199.3 ± 45.1 198.3 ± 93.9 0.23
LDL1 109.2 ± 36.8 106.2 ± 35.1 0.4
TG2 179.8 ± 109.2 170.7 ± 103.1 0.29
HDL3 54.1 ± 13.8 53.2 ± 13.2 0.41
Obesity 1222(79.2) 345(78.4) 0.71
BMI4 (Kg/m2) 26.2 ± 4.3 26 ± 4.9 0.64
Waist circumference (cm) 93.8 ± 12.1 92.4 ± 12.6 0.64
Waist/hip ratio 0.9 ± 0.1 0.9 ± 0.1 0.73
Blood pressure
No 297 (19.1) 101(22.5) 0.11
Prehypertension 807 (52.0) 213(47.5) 0.16
Hypertension 449 (28.9) 134(29.9) 0.87
SBP5 128.2 ± 15.5 127.9 ± 16.4 0.98
DBP6 82.7 ± 8.8 82 ± 9.2 0.15
Diabetes
No 1065(68.6) 307(68.4) 0.63
Prediabetes 224 (14.4) 48(10.7) 0.15
Diabetes 264 (17) 93(20.8) 0.60
FBS7 103.1 ± 46 102 ± 44.2 0.92
Smoking 280 (18.1) 69 (15.6) 0.23

1  Low density lipoprotein.
2  Triglyceride.
3  High-density lipoprotein.
4  Body mass index.
5  Systolic blood pressure.
6  Diastolic blood pressure.
7  Fasting blood sugar.

Table 2 Cumulative risk of CAD based on gender and total 
population
Sex At risk (%) Lost to 

follow-up 
(%)

Cases (%) 10-yr cumula-
tive incidence 
rate (CI)

Men 804 (51.9) 152 (15.8) 135 (16.7) 16.8 (14.4–19.2)
Women 748 (48.1) 233 (23.7) 90 (12.0) 12.0 (9.5–14.5)
Total sample 1552 385 (19.8) 225 (14.5) 14.5 (12.4–16.6)
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Women exhibited a significantly greater HR for hyper-
tension and diabetes but had a lower hazard ratio for age 
(Table 4, p for interaction < 0.05). HTN, age, and dyslip-
idemia exhibited the three highest PAFs at 71.6%, 68.9%, 
and 64.6%, respectively. In men, age demonstrated the 
highest PAF at 84.6%, while in women, hypertension 
exhibited the highest PAF at 72.2%.

Discussion
The incidence of CAD in second phase was 14.5%. Aside 
from age and sex, which cannot be modified, dyslipid-
emia, hypertension, diabetes, and obesity were major 
risk factors in this study. Furthermore, physical activ-
ity and education had protective effects. Women were 
more likely to suffer from dyslipidemia, HTN, and diabe-
tes, while men were more likely to be affected by CAD 
as a result of aging. Awareness of the CAD risk factors, 
especially dyslipidemia and HTN, and compliance with 
medications consumption were low. Previous research 
reported 12 and 9 occurrences of CAD per 1000 individ-
uals in Iran [5, 19], our study uncovered a notably higher 
incidence rate over a 10-year period. In a comparative 
context, earlier studies conducted in different regions of 
Iran, such as Kerman and Bushehr, have highlighted the 
prevalence of CAD risk factors [10, 11]. For instance, 
research in Kerman indicated that 60% of the population 
had at least two CAD risk factors. Similarly, in Bushehr, 
44.3% of males and 69% of females were found to have at 
least two risk factors. These findings are somewhat lower 
than those observed in current study, suggesting regional 
variations in risk factor prevalence within Iran. Addi-
tionally, when comparing our findings with international 

studies, such as one conducted in China, the differences 
become more pronounced. The Chinese study revealed 
that 31.1% of participants did not have any identified 
CAD risk factors [10], a proportion 4.4 times greater than 
what we observed in our Iranian cohort. This stark dif-
ference may be attributable to a combination of genetic, 
cultural, lifestyle, and dietary differences between the 
populations.

Dyslipidemia
Dyslipidemia was the most prevalent CAD risk factor 
in our study. According to world health organization 
(WHO) reports, it is associated with half of all ischemic 
heart diseases [8]. In this regard, we found that dyslipid-
emia can increase the risk of CAD by 64.6%. When com-
pared to other Iranian provinces, our study area exhibited 
a notably higher prevalence of dyslipidemia (80%), sur-
passing rates in Lorestan (64%), Kerman (26%), and Isfa-
han (70%); only Mashhad showed a slightly higher rate at 
83.4% [10, 11, 20]. This trend extends beyond Iran, with 
dyslipidemia prevalence reported at 69% in the UAE, 
79.6% in Turkey, and 33% in Saudi Arabia [8, 20]. Intrigu-
ingly, our study also revealed the lowest rate of medica-
tion use for dyslipidemia in the Eastern Mediterranean 
Region (EMR), with just 13.2% compared to Lebanon’s 
(second from last country) significantly higher 41.2% [8].

According to that, the retention of LDL and other 
cholesterol-rich apolipoprotein (Apo) B containing lipo-
proteins in the arterial wall is the initial cause of athero-
genesis [21] and lowering LDL values reduces the risk of 
future cardiovascular events, with no minimum thresh-
old [7], it becomes imperative to enhance the screening 

Fig. 1 Flow diagram of participants inclusion and 10-year follow up
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and treatment of dyslipidemia in our population. This 
strategy is crucial, considering the high prevalence and 
low medication use observed, to effectively mitigate the 
CAD risk.

Smoking
A smoking prevalence of 18.4% was found in the current 
study, which was lower than what was reported in 2015 
in the EMR [8]. Despite its widespread prevalence and its 
confirmed role as a risk factor, smoking was not signifi-
cantly associated with CAD in our population. Although 
the association was significant in the total population, it 
lost its significance when analyzed separately by gender. 
This may be due to bias caused by self-report and qualita-
tive data collection that resulted from the fear of social 
and cultural stigmatism of smoking (reporting bias), par-
ticularly in women.

Smoking stands apart from other risk factors due to 
its ability to additionally affect people through passive 

smoking, which is an independent and distinct cause 
of CVD [22]. It is estimated that 41,000 deaths per year 
occur in USA is due to secondhand smoke [23]. Smok-
ing has been found to have a dose-response relationship 
with the development of CAD. For instance, individuals 
who smoke fewer than 20 cigarettes per day have a rela-
tive risk (RR) of 2.15, while those with > 20 cigarettes per 
day have a RR of 3.28. Additionally, passive smokers have 
a RR of 1.31 for developing CAD [24].

According to the notable decline in CAD cases in the 
USA from 1970 to 2015, which has been partly attributed 
to reduced smoking rates [25], it is essential to address 
smoking as a key strategy in reducing CAD incidence in 
our society. This includes addressing cultural attitudes 
and behaviors towards smoking through the use of social 
media.

Table 3 Hazard ratio of CAD risk factors after 10-year follow-up
Variable At risk (%) Incidence/1000 person-year Hazard ratio HR (95%CI) P value PAF* (%)
Age group
Lower age 776 35 1 < 0.001 -
Older age 776 190 5.56 (3.9-8) 68.9
Gender
Female
Male

748(48.2) 11.7 1 0.01 -
804(51.8) 17 1.4 (1.1–1.9) 16.9

Smoking
Nonsmoker
Smoker

1268(81.9) 13.3 1 0.02 -
280(18.1) 20.1 1.4 (1.05–1.9) 8.4

Physical activity
Low
Moderate
High

720(67.9) 19.8 1 0.0001 -
290(27.4) 11.1 0.6 (0.4–0.8) -14.4
50(4.7) 5.9 0.27 (0.1–0.8) -4.7

Education
Low
Moderate
High

904(59.8) 19.7 1 0.0001 -
460(30.4) 7.5 0.4 (0.3–0.6) -26.5
148(9.8) 9.5 0.45 (0.3–0.8) -7.8

Obesity
Non obese
Obese

320(20.8) 8.3 1 0.01 -
1222(79.2) 16.2 1.8 (1.2–2.7) 53.6

Dyslipidemia
No
Yes

307(19.9) 6.9 1 0.01 -
1239(80.1) 16.5 2.2 (1.4–3.4) 64.6

Hypertension
No
Prehypertension
Hypertension

297(19.1) 4.8 1 < 0.001 -
807(52) 12.6 2.4 (1.4–4.2) 55.1
449(28.9) 24.3 4.1 (2.4–7.2) 71.6

Diabetes
Non diabetic
Pre diabetes
Diabetes

1064(68.6) 10.5 1 < 0.001 -
224(14.4) 18 1.3 (0.9–1.8) 30.2
264(17) 29 2.63 (2 -3.5) 32.5

Total 14.5 - -
*PAF; population attributable fraction percent
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Obesity
In 2015, the United States experienced a concerning 1% 
increase in mortality due to CAD [26], marking an end to 
a four-decade trend of declining CAD deaths. This recent 
rise has been primarily linked to the increasing preva-
lence of obesity [27]. The Framingham study highlighted 
this by demonstrating that obesity elevates the likeli-
hood of CAD by 64% for females and 46% for males [10]. 
Our study supports these findings, indicating a 53.6% 
increased risk of CAD in the total population.

In Iran, the national obesity prevalence was reported at 
63% [9], which is notably lower than the rates observed in 
our study. This disparity could be attributed to our com-
prehensive approach in assessing obesity, which included 
waist circumference, BMI, and waist-hip ratio measure-
ments. This method is recognized as the most effective 
for evaluating obesity-related risks [27].

According to the definitions of obesity provided by 
international diabetes federation (IDF) [28] and WHO 
[16], 69% of men and 90% of women were classified as 
obese. However, the association between obesity and 
CAD was found to be significant only in men after sepa-
rating the data by gender. This suggests that the defini-
tions of obesity may need to be revised specifically for 
Iranian women, as there is a high rate of false positive 
predictions of CAD.

Diabetes
The diabetes prevalence rate was 17%, leading to a nota-
ble rise in the occurrence of CAD. However, considering 
that an estimated four out of ten adults with diabetes in 
the EMR are currently undiagnosed [8], it is plausible 
to suggest that the diabetes prevalence in our popula-
tion may be around 28%. The Yazd Healthy Study (YaHS) 
reported a prevalence of 14.1% in 2020 [29]; this differ-
ence in prevalence with the current study is probably 
because only 40% of their study participants had blood 
samples. There was a higher level of awareness (80%) and 
drug consumption (50%) for diabetes when compared 
with other risk factors, but in EMR, Kuwait is ahead with 
85.4% medication use for diabetes [8].

Diabetes was significantly associated with CAD in both 
sexes, while prediabetes was only significant in men. In 
contrast, previous studies have demonstrated that bor-
derline glucose tolerance groups have a 1.65 higher CAD 
risk [30]. Our study’s potential limitation in not includ-
ing postprandial glucose levels, which are more strongly 
associated with CAD risk in prediabetic subjects [33], 
could explain this discrepancy [31]. Moreover, in a 
meta-analysis of prospective studies, prediabetes was 
associated with CAD in both sexes at the same OR [32]. 
Additionally, prior studies have demonstrated that hyper-
glycemia, even without a diabetes diagnosis, increases 
CAD risk and complications [33, 34].

Given these findings, it’s clear that diabetes is a signifi-
cant public health issue, extending beyond the scope of 
medication prescription. To effectively manage diabetes 
and its impact on CAD, a comprehensive approach is 
needed. This approach should consider not only medical 
treatment but also factors like environmental influences, 
mental health (including depression and stress), self-effi-
cacy, and social support [27]. Such evaluations are critical 
for improving glycemic control and ensuring adherence 
to treatment, thereby potentially mitigating the CAD risk 
associated with diabetes.

Hypertension
In the present investigation, hypertension emerged as 
the primary modifiable risk factor for CAD, contribut-
ing to 71.6% of the incidence of CAD. Hypertension is 
also the leading modifiable risk factor responsible for the 
majority of CVD-related deaths in the United States [35]. 
Globally, the EMR is the second most prevalent region 
for HTN [8]. Among these countries, we had the highest 
prevalence of HTN (29.5%), which was higher than that 
in Somalia (26.4%). Alarmingly, our population also dem-
onstrated the lowest rate of medication use for HTN at 
just 40.9%, lower than Pakistan’s 52.9% [8]. This underuse 
of medication, coupled with the common misperception 
among patients about correct medication usage [36], sug-
gests that the actual burden of HTN may be greater than 
reported.

Our analysis further revealed a significant association 
between HTN and CAD in both sexes. However, prehy-
pertension was notably linked with CAD exclusively in 
women, with females exhibiting a higher hazard ratio 
for CAD due to HTN. This gender-specific impact aligns 
with findings from a study in Tehran [37], indicating that 
women are potentially more susceptible to developing 
CAD from elevated blood pressure. Such gender dif-
ferences in HTN’s impact on CAD risk underscore the 
potential utility of gender-specific blood pressure cutoff 
points for individual CAD risk assessment [38]. These 
insights into HTN’s role in CAD, particularly regarding 
gender differences and medication usage, highlight the 
need for increasing community awareness about HTN.

Physical activity and education
In the United States, a significant health concern is that 
approximately half of the adults fail to meet the mini-
mum requirements for physical activity [39]. This issue 
is even more pronounced in the EMR, which reports the 
highest global prevalence of insufficient physical activity. 
Within the EMR, Saudi Arabia stands out for having the 
region’s lowest levels of physical activity [8]. According to 
the Saudi Health Information Survey, 46.0% of men and 
a striking 75.1% of women engage in low to zero physi-
cal activity [8]. Interestingly, in our study, men exhibited 
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even lower levels of physical activity than those reported 
in Saudi Arabia, emphasizing a critical area for public 
health intervention.

We discovered that engaging in moderate and vigorous 
physical activity significantly reduces the risk of CAD. 
While the focus of most guidelines is on aerobic exercise, 
resistance training should not be overlooked, as it can 
also lower blood pressure and improve glycemic control. 
The relationship between physical activity and reduced 
CAD risk appears to be linear and dose-responsive, 
with no evident threshold for benefits [40, 41]. This evi-
dence strongly supports the need for initiatives aimed at 
enhancing and maintaining physical activity levels [40].

Furthermore, our study, aligning with previous research 
[8], indicates a significant association between higher 
education levels and reduced CAD incidence. However, it 
raises an important question: Does higher education nec-
essarily translate into better knowledge and implementa-
tion of healthy lifestyles, proper nutrition, and consistent 
physical activity? This potential gap in translating educa-
tion into practical health benefits warrants further inves-
tigation, as understanding and addressing it could play a 
crucial role in CAD prevention strategies.

Our study’s findings open up various opportunities for 
future research in CAD epidemiology and prevention. To 
begin, there is a clear need for longitudinal research with 
bigger, more diversified populations, including both rural 
and urban locations. Another important topic of research 
could be to look into the influence of educational inter-
ventions on lifestyle changes and CAD risk factors, 
particularly in populations with low health literacy. Fur-
thermore, the impact of emerging risk factors, including 
environmental contaminants and psychosocial stresses, 
in CAD development requires additional exploration.

Strengths and limitations
Our study offers the following strengths. First, this study 
was conducted prospectively in a community base popu-
lation and results were determined in a definite manner, 
there is little chance of reverse causality or recall bias. 
As a result of combining the Rose angina questionnaire 
with ECGs, cardiac enzymes, exercise tolerance tests, 
and coronary angiograms, we were able to define CAD 
more precisely than previous studies. Unlike previous 
studies that recruited mostly middle-aged and older 
adults, we included both old and young participants. The 
duration of the follow-up period may have captured the 
overall risk of CAD during a person’s lifetime. However, 
it is important to note that this duration could have also 
influenced the outcomes due to our inability to regu-
late and assess volunteer health check-ups and lifestyle 
modifications.

The study was restricted to a single urban center, 
reducing generalizability and introducing urban bias. 

As a result of just one baseline investigation of risk fac-
tors, we may be prone to intraindividual variances in the 
results. There was a high likelihood of misclassification, 
reporting bias, and non-response bias of categorical vari-
ables, such as physical activity, smoking, and education, 
due to their self-reported nature. However, previous 
studies with better classifications, such as determining 
physical activity with an accelerometer, found similar 
results [41]. Despite experiencing a population decline of 
around 20% during the follow-up period, we did not see 
any significant differences between the individuals who 
were included and those who were excluded. This finding 
reduces the likelihood of attrition bias.

Conclusion
The results of the current study were consistent with pre-
vious studies about the impact of different traditional risk 
factors. However, the higher incidence rate of CAD, more 
prevalent risk factors, lower self-awareness of these risk 
factors, and lower medication use compared to previ-
ous studies in Iran and neighboring countries may alarm 
Iranian health care policymakers regarding the need for 
an effective preventive strategy to reduce the burden of 
CAD.

Abbreviations
CAD  Coronary artery disease
CI  Confidence interval
YHHP  YAZD healthy heart project
TG  Triglyceride
LDL  Low-density lipoprotein
HDL  High-density lipoprotein
FBS  Fasting blood sugar
SUA  Serum uric acid
IPAQ  International Physical Activity Questionnaire
SD  Standard deviation
BMI  Body mass index
ECG  Electrocardiogram
PAF  Population Attributable fraction
Apo  Apolipoprotein
WHO  World health organization
IDF  International diabetes federation
EMR  Eastern Mediterranean region

Acknowledgements
We thank all study participants, their relatives, the members of the 
survey team and project developments and management team of Yazd 
Cardiovascular Research Center and YHHP, especially Pr. Seyed Mahmood Sadr 
Bafghi and Pr. Mohammad Hossein Soltani.

Author contributions
M.S. H, S.M. N was involved in the conception, design, and conduct of the 
study and M.S. H analyzed the data. S.R. M was involved in and interpreted the 
results and wrote the first draft of the manuscript. M.S. H, S.M. N, P.M. V, and A. 
K, critically revised manuscript for important intellectual content. All authors 
edited, reviewed, and approved the final version of the manuscript. M.S. H. is 
the corresponding author of this work and, as such, had full access to all the 
data in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.

Funding
This study had no funding.



Page 10 of 11Sarebanhassanabadi et al. BMC Cardiovascular Disorders          (2024) 24:101 

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The present study was approved by the Shahid Sadoughi University of 
Medical Sciences ethics committee (ethics code: IR.SSU.REC.1397.188) and 
conducted based on the Declaration of Helsinki on medical research [13]. 
Informed consent was obtained from the study participants during the 
initial and follow-up phases. The present research is reported based on the 
Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Yazd Cardiovascular Research Center, Non-communicable Diseases 
Research Institute, Shahid Sadoughi University of Medical Sciences, Yazd, 
Iran
2Department of Internal Medicine, Rue du Bugnon 46, Rue du Bugnon 46, 
Lausanne BH10-642, CH-1011, CH-1011, Switzerland
3Department of Health Sciences, Bielefeld University, Bielefeld, Germany
4Afshar Clinical Research Development Center, Yazd Cardiovascular 
Research Center, Non-communicable Diseases Research Institute, Shahid 
Sadoughi University of Medical Sciences, Yazd, Iran

Received: 24 November 2023 / Accepted: 4 February 2024

References
1. Bartlett ES, Flor LS, Medeiros DS, Colombara DV, Johanns CK, Vaz FAC, Wilson 

S, Duber HC. Public knowledge of cardiovascular disease and response 
to acute cardiac events in three municipalities in Brazil. Open Heart. 
2020;7(2):e001322.

2. Babahajiani M, Zarepur E, Khosravi A, Mohammadifard N, Noohi F, Alikhasi H, 
Nasirian S, Moezi Bady SA, Janjani P, Solati K. Ethnic differences in the lifestyle 
behaviors and premature coronary artery disease: a multi-center study. BMC 
Cardiovasc Disord. 2023;23(1):170.

3. GBD, Results. [https://vizhub.healthdata.org/gbd-results/].
4. Ali S, Misganaw A, Worku A, Destaw Z, Negash L, Bekele A, Briant PS, Johnson 

CO, Alam T, Odell C. The burden of cardiovascular diseases in Ethiopia from 
1990 to 2017: evidence from the global burden of Disease Study. Int Health. 
2021;13(4):318–26.

5. Khalili D, Haj Sheikholeslami F, Bakhtiyari M, Azizi F, Momenan 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(8):e105804.

6. Cooney MT, Dudina A, Whincup P, Capewell S, Menotti A, Jousilahti P, Njølstad 
I, Oganov R, Thomsen T, Tverdal A, et al. Re-evaluating the Rose approach: 
comparative benefits of the population and high-risk preventive strategies. 
Eur J Cardiovasc Prev Rehabil. 2009;16(5):541–9.

7. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman 
MJ, De Backer GG, Delgado V, Ference BA, et al. 2019 ESC/EAS guidelines for 
the management of dyslipidaemias: lipid modification to reduce cardiovas-
cular risk. Eur Heart J. 2020;41(1):111–88.

8. Turk-Adawi K, Sarrafzadegan N, Fadhil I, Taubert K, Sadeghi M, Wenger NK, 
Tan NS, Grace SL. Cardiovascular disease in the Eastern Mediterranean region: 
epidemiology and risk factor burden. Nat Reviews Cardiol. 2018;15(2):106–19.

9. Atlas of STEPwise approach. to noncommunicable disease (NCD) 
risk factor surveillance (STEPs) 2021. [https://nih.tums.ac.ir/UpFiles/
Documents/3bc71b22-a5dc-4849-9d07-beede6b045e1.pdf ].

10. Najafipour H, Afshari M, Rostamzadeh F. Prevalence of multiple coronary 
artery disease risk factors in Kerman: a Population-based study in Southeast 
Iran. Iran J Med Sci. 2018;43(2):140–9.

11. Maleki A, Ghanavati R, Montazeri M, Forughi S, Nabatchi B. Prevalence of 
coronary artery Disease and the Associated Risk factors in the Adult Popula-
tion of Borujerd City, Iran. J Tehran Heart Cent. 2019;14(1):1–5.

12. Baeradeh N, Ghoddusi Johari M, Moftakhar L, Rezaeianzadeh R, Hosseini SV, 
Rezaianzadeh A. The prevalence and predictors of cardiovascular diseases 
in Kherameh cohort study: a population-based study on 10,663 people in 
southern Iran. BMC Cardiovasc Disord. 2022;22(1):1–12.

13. Ashcroft RE. The declaration of Helsinki. Oxf Textbook Clin Res Ethics 
2008:141–8.

14. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. 
The strengthening the reporting of Observational studies in Epidemiology 
(STROBE) statement: guidelines for reporting observational studies. Lancet. 
2007;370(9596):1453–7.

15. Mirjalili SR, Soltani S, Heidari Meybodi Z, Marques-Vidal P, Kraemer A, 
Sarebanhassanabadi M. An innovative model for predicting coronary heart 
disease using triglyceride-glucose index: a machine learning-based cohort 
study. Cardiovasc Diabetol. 2023;22(1):200.

16. Alberti KGMM, Zimmet PZ. Definition, diagnosis and classification of 
diabetes mellitus and its complications. Part 1: diagnosis and classification 
of diabetes mellitus. Provisional report of a WHO consultation. Diabet Med. 
1998;15(7):539–53.

17. Hagströmer M, Oja P, Sjöström M. The International Physical Activity Ques-
tionnaire (IPAQ): a study of concurrent and construct validity. Public Health 
Nutr. 2006;9(6):755–62.

18. Maddison R, Ni Mhurchu C, Jiang Y, Vander Hoorn S, Rodgers A, Lawes CM, 
Rush E. International Physical Activity Questionnaire (IPAQ) and New Zealand 
physical activity questionnaire (NZPAQ): a doubly labelled water validation. 
Int J Behav Nutr Phys Act. 2007;4:62.

19. Talaei M, Sarrafzadegan N, Sadeghi M, Oveisgharan S, Marshall T, Thomas GN, 
Iranipour R. Incidence of cardiovascular diseases in an Iranian population: the 
Isfahan Cohort Study. Arch Iran Med. 2013;16(3):0–0.

20. Najafipour H, Yousefzadeh G, Baneshi MR, Gohari MA, Shahouzehi B, Farokhi 
MS, Mirzazadeh A. Prevalence and 5-year incidence rate of dyslipidemia and 
its association with other coronary artery disease risk factors in Iran: results of 
the Kerman coronary artery disease risk factors study (phase 2). J Res Med Sci. 
2021;26:99.

21. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, Hegele RA, 
Krauss RM, Raal FJ, Schunkert H, et al. Low-density lipoproteins cause athero-
sclerotic cardiovascular disease. 1. Evidence from genetic, epidemiologic, and 
clinical studies. A consensus statement from the European Atherosclerosis 
Society Consensus Panel. Eur Heart J. 2017;38(32):2459–72.

22. Lv X, Sun J, Bi Y, Xu M, Lu J, Zhao L, Xu Y. Risk of all-cause mortality and cardio-
vascular disease associated with secondhand smoke exposure: a systematic 
review and meta-analysis. Int J Cardiol. 2015;199:106–15.

23. Lushniak BD, Samet JM, Pechacek TF, Norman LA, Taylor PA. The Health conse-
quences of smoking—50 years of progress: A report of the Surgeon General. 
2014.

24. Kinoshita M, Yokote K, Arai H, Iida M, Ishigaki Y, Ishibashi S, Umemoto S, Egusa 
G, Ohmura H, Okamura T, et al. Japan Atherosclerosis Society (JAS) Guidelines 
for Prevention of Atherosclerotic Cardiovascular diseases 2017. J Atheroscler 
Thromb. 2018;25(9):846–984.

25. Davidson MH. Introduction. U.S. incidence of coronary artery disease. Am J 
Cardiol. 2008;101(12a):1f–2 f.

26. Weir HK, Anderson RN, Coleman King SM, Soman A, Thompson TD, Hong Y, 
Moller B, Leadbetter S. Heart Disease and Cancer deaths - trends and projec-
tions in the United States, 1969–2020. Prev Chronic Dis. 2016;13:E157.

27. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, 
Himmelfarb CD, Khera A, Lloyd-Jones D, McEvoy JW, et al. 2019 ACC/AHA 
Guideline on the primary Prevention of Cardiovascular Disease: a report of 
the American College of Cardiology/American Heart Association Task Force 
on Clinical Practice guidelines. Circulation. 2019;140(11):e596–e646.

28. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome–a new world-wide defini-
tion. A Consensus Statement from the International Diabetes Federation. 
Diabet Med. 2006;23(5):469–80.

29. Mirzaei M, Rahmaninan M, Mirzaei M, Nadjarzadeh A, Dehghani Tafti AA. Epi-
demiology of diabetes mellitus, pre-diabetes, undiagnosed and uncontrolled 
diabetes in Central Iran: results from Yazd health study. BMC Public Health. 
2020;20:1–9.

https://vizhub.healthdata.org/gbd-results/
https://nih.tums.ac.ir/UpFiles/Documents/3bc71b22-a5dc-4849-9d07-beede6b045e1.pdf
https://nih.tums.ac.ir/UpFiles/Documents/3bc71b22-a5dc-4849-9d07-beede6b045e1.pdf


Page 11 of 11Sarebanhassanabadi et al. BMC Cardiovascular Disorders          (2024) 24:101 

30. Silberberg JS, Wlodarczyk J, Fryer J, Robertson R, Hensley MJ. Risk associ-
ated with various definitions of family history of coronary heart disease. The 
Newcastle Family History Study II. Am J Epidemiol. 1998;147(12):1133–9.

31. Glucose tolerance and. Cardiovascular mortality: comparison of fasting and 
2-hour diagnostic criteria. Arch Intern Med. 2001;161(3):397–405.

32. Xu T, Liu W, Cai X, Ding J, Tang H, Huang Y, Hu Y. Risk of Coronary Heart Dis-
ease in different Criterion of impaired fasting glucose: a Meta-analysis. Med 
(Baltim). 2015;94(40):e1740.

33. Mone P, Gambardella J, Minicucci F, Lombardi A, Mauro C, Santulli G. 
Hyperglycemia drives Stent Restenosis in STEMI patients. Diabetes Care. 
2021;44(11):e192–3.

34. Mone P, Lombardi A, Salemme L, Cioppa A, Popusoi G, Varzideh F, Pansini A, 
Jankauskas SS, Forzano I, Avvisato R, et al. Stress hyperglycemia drives the risk 
of hospitalization for chest Pain in patients with ischemia and nonobstructive 
coronary arteries (INOCA). Diabetes Care. 2023;46(2):450–4.

35. Danaei G, Ding EL, Mozaffarian D, Taylor B, Rehm J, Murray CJ, Ezzati M. 
The preventable causes of death in the United States: comparative risk 
assessment of dietary, lifestyle, and metabolic risk factors. PLoS Med. 
2009;6(4):e1000058.

36. Padilha JC, Santos VB, Lopes CT, Lopes JL. Prevalence of pharmacological 
adherence in patients with coronary artery disease and associated factors. 
Rev Lat Am Enfermagem. 2021;29:e3464.

37. Ramezankhani A, Azizi F, Hadaegh F. Gender differences in changes in meta-
bolic syndrome status and its components and risk of cardiovascular disease: 
a longitudinal cohort study. Cardiovasc Diabetol. 2022;21(1):227.

38. Brant LJ, Ferrucci L, Sheng SL, Concin H, Zonderman AB, Kelleher CC, Longo 
DL, Ulmer H, Strasak AM. Gender differences in the accuracy of time-depen-
dent blood pressure indices for predicting coronary heart disease: a random-
effects modeling approach. Gend Med. 2010;7(6):616–27.

39. 2018 Physical Activity Guidelines Advisory Committee. [https://health.gov/
paguidelines/second-edition/report].

40. Panagiotakos DB, Pitsavos C, Chrysohoou C, Skoumas I, Stefanadis C. 
Prevalence and five-year incidence (2001–2006) of cardiovascular disease 
risk factors in a Greek sample: the ATTICA study. Hellenic J Cardiol. 
2009;50(5):388–95.

41. Ramakrishnan R, Doherty A, Smith-Byrne K, Rahimi K, Bennett D, Woodward 
M, Walmsley R, Dwyer T. Accelerometer measured physical activity and the 
incidence of cardiovascular disease: evidence from the UK Biobank cohort 
study. PLoS Med. 2021;18(1):e1003487.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://health.gov/paguidelines/second-edition/report
https://health.gov/paguidelines/second-edition/report

	Coronary artery disease incidence, risk factors, awareness, and medication utilization in a 10-year cohort study
	Abstract
	Introduction
	Methods
	Study setting
	Ethical statement
	Included participants
	Clinical and biological data
	Anthropometric features
	Blood pressure measurements
	Physical activity, education, awareness and medicine consumption
	Outcome definition
	Statistical analysis

	Results
	Characteristics of participants
	Incidence of coronary artery disease
	Risk factors, awareness, and medication utilization
	Contribution of risk factors in CAD development

	Discussion
	Dyslipidemia
	Smoking
	Obesity
	Diabetes
	Hypertension
	Physical activity and education
	Strengths and limitations

	Conclusion
	References


