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Abstract
BACKGROUND: Cardiovascular disease (CVD) is the leading cause of death worldwide, 
with a growing burden in low- and middle-income countries. Given the increasing CVD 
mortality in Iran and the limited evidence on long-term lifestyle determinants, a cohort 
study is needed to examine the effects of related factors.

METHODS: A total of 2,000 adults, including 1,000 men and women aged 20 to 74 years, 
were enrolled in a population-based cohort study in Yazd, Iran, from 2005 to 2006, with 
a mean follow-up of 10 years. Cox proportional hazards models were used to estimate 
hazard ratios (HRs) and 95% confidence intervals (CIs) for CVD mortality in relation to 
demographic, economic status, educational, and lifestyle factors.

RESULTS: During follow-up, 83 CVD deaths occurred (5.4%). The mortality rate was 
6.8% in men and 3.8% in women. After adjustment for hypertension, diabetes, and 
hypercholesterolemia, significant predictors of CVD mortality included age ≥65 years (HR 
= 3.63, 95% CI: 2.28-5.77), male sex (HR = 2.29, 95% CI: 1.31-3.34), and smoking (HR = 
1.95, 95% CI: 1.21-3.13). In contrast, moderate physical activity was associated with a 
lower risk of mortality (HR = 0.38, 95% CI: 0.17-0.84), and high school education was 
also protective (HR = 0.49, 95% CI: 0.25-0.98). In subgroup analyses among men, age 
≥65 years, moderate physical activity, and high school education remained significant 
predictors of CVD mortality (P < 0.05).

CONCLUSION: Age 65 years or older, smoking, and male sex increased the risk of CVD 
mortality in this Iranian cohort. Physical activity and higher educational attainment were 
associated with a reduced risk of CVD mortality. 

Keywords: Cardiovascular Disease, Mortality; Risk Factors; Incidence; Cohort Studies 

This is an open-access article distributed under the terms of the Creative Commons 
Attribution-NonCommercial 4.0 Unported License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Original Article Open Access

ARYA Atherosclerosis J

https://doi.org/10.48305/arya.2026.45970.3132
https://doi.org/10.48305/arya.2026.45970.3132
https://orcid.org/0000-0002-8867-4717
https://orcid.org/0000-0002-4548-8500
https://orcid.org/0000-0003-2305-4733
https://orcid.org/0000-0002-3886-6323
https://orcid.org/0000-0003-4960-2718


37

CVD Mortality in Iranian adults 

ARYA Atheroscler 2026; Volume 22; Issue 3; 36-45

Introduction
Cardiovascular disease (CVD) represents a 
significant challenge to global public health, 
with an estimated 523 million individuals living 
with various forms of the disease¹,². Annually, 
approximately 19 million deaths are attributed 
to cardiovascular-related causes, accounting for 
nearly one-third of all global mortality¹. Between 
1990 and 2019, the global number of deaths 
from CVD rose significantly, from 12.1 million to 
18.6 million². In 2019, the death rate from CVD 
in Iran was 46%, highlighting the urgent need 
to identify high-risk groups for targeted public 
health interventions³.

While hypertension, dyslipidemia, obesity, 
and diabetes are well-known risk factors 
for CVD morbidity and mortality⁴, emerging 
evidence highlights the significant role of 
sociodemographic and behavioral factors as 
well⁵-⁸. A Finnish cohort study by Mikkola et 
al. highlights that mortality rates from CVD 
increase with age, and men face an 80% higher 
risk than women, with rates of 442 and 246 per 
100,000, respectively⁵. Furthermore, individuals 
with lower incomes or educational attainment 
experience heightened risks⁶˒⁹. a 17-year study 
found that those with low socioeconomic status 
are approximately 80% more likely to die from 
heart-related conditions⁶. Smoking exacerbates 
this risk, with hazard ratios of 2.58 for men and 
3.79 for women compared to non-smokers⁷. 
Conversely, physical activity provides protective 
benefits against CVD⁸. These findings underscore 
the necessity for context-specific research given 
the variability of these relationships across 
different populations.

CVD mortality is notably high in low- and 
middle-income nations, such as Iran, where it 
stands as one of the most important causes of 
death³. As CVD mortality imposes a considerable 
financial burden on the healthcare system and 
negatively affects overall health, it is essential to 
investigate the risk factors associated with CVD 
mortality¹⁰. Previous studies in Iran and other 
Middle Eastern countries have investigated the 
effects of age, gender, economic status, physical 
activity and smoking on CVD mortality¹¹˒¹². Our 

research is the first in Central Iran to examine 
these risk factors over a 10-year follow-up period 
within the Yazd Healthy Heart Cohort. This 
extended study period provided valuable insights 
to develop effective prevention strategies in 
Middle Eastern countries. Additionally, our 
gender-stratified analysis stands out as a key 
contribution of this research.

Material and Method
Study population
This research was conducted using data from 
the Yazd Health and Heart Project (YHHP) in 
Yazd, Iran. In the initial phase, a cohort of 2,000 
individuals, including 1,000 men and 1,000 
women aged 20 to 74 years, was randomly 
selected between 2005 and 2006. After a nearly 
10-year follow-up, eligible participants were 
invited to take part in the second phase of the 
study.

The main follow-up examination for 
biochemical and clinical measures was 
conducted during the second phase, between 
2015 and 2016. However, the primary outcome, 
CVD mortality, and vital status were ascertained 
through continuous prospective surveillance. 
This approach allowed precise determination 
of each participant’s follow-up time, defined 
as the interval from the date of the baseline 
examination to the date of CVD mortality, non-
CVD mortality, or the last confirmed vital status. 
Consequently, individual follow-up duration 
varied, ranging from approximately 9 to 11 
years.

Diagnosis of fatal cardiovascular events
Data on fatal cardiovascular events were obtained 
through telephone follow-up with next of kin, 
supplemented by a review of available medical 
and hospital records when accessible. Predicted 
fatal CVD was obtained using the Framingham 
general CVD risk score¹³˒¹⁴. Fatal cardiovascular 
events encompass a range of conditions leading 
to mortality, including peripheral artery disease, 
Coronary heart disease, strokes, heart failure, 
and fatal myocardial infarction (MI). These 
events also include deaths that occur after 
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interventional procedures like percutaneous 
coronary intervention (PCI) and coronary artery 
bypass grafting (CABG)¹³.

Additionally, the diagnosis of new cases 
of angina is carried out using the Rose 
angina questionnaire, which is validated by 
corroborative data from electrocardiograms, 
elevated levels of cardiac enzymes, a positive 
exercise tolerance test, or results from a 
coronary angiogram¹⁴. All fatalities attributed to 
CVD are considered in the overall assessment of 
fatal cardiovascular events.

Exposure variables
Demographic variables, including gender 
and age, were collected at baseline through 
a specific data collection form conducted by 
trained interviewers in the first phase.

Also, other variables, including educational 
level, economic status, physical activity, and 
smoking habits, were evaluated using forms. 
The educational levels are distinctly classified as 
primary, high school, or academic. The economic 
status of the participants was determined by 
examining their household income, private car 
ownership, and home size (square meters). 
Participants were categorized into low, moderate, 
or high economic status based on their total 
score after evaluating each item. Physical activity 
levels were evaluated using the International 
Physical Activity Questionnaire (IPAQ)¹⁵, which 
categorizes individuals into three groups based 
on their weekly caloric expenditure: low activity 
(less than 600 kcal), moderate activity (600 to 
1200 kcal), and vigorous activity (more than 
1200 kcal). Participants were further classified 
by smoking status as either current smokers 
or non-smokers. The non-smoker category 
included both individuals who had never smoked 
and those who had ceased smoking before the 
baseline assessment.

Other variables
Blood pressure measurements were taken twice 
using a digital monitor (M6 Comfort from Omron 
Co., Osaka, Japan) after a 5-minute resting 
period, with additional measurements recorded 

at 5-minute intervals. For the purposes of 
analysis, average values for systolic and diastolic 
blood pressure were utilized. Hypertension was 
characterized by systolic blood pressure ≥140 
mmHg or diastolic blood pressure ≥90 mmHg or 
the use of medications for hypertension¹⁶˒¹⁷.

Morning blood samples were collected after 
an overnight fast. All bioassays were performed 
in a single laboratory, utilizing a biochemical 
autoanalyzer (BT 3000, Italy). Lipid profiles, 
which included total cholesterol (TC), low-density 
lipoprotein (LDL), and high-density lipoprotein 
(HDL), were evaluated using Bionic kits (Bionic 
Company, Tehran, Iran), while triglycerides (TG) 
and fasting blood sugar (FBS) were measured 
with a diagnostic kit from Pars Azmoon Inc. 
(Tehran, Iran). According to previous studies, 
diabetes was defined by fasting glucose ≥126 
mg/dl¹⁸, while high cholesterol was defined by 
serum cholesterol ≥240 mg/dl¹⁹.

Trained personnel collected anthropometric 
data using equipment and standardized 
methods. Height measurements were obtained 
while participants stood against a wall, ensuring 
that their heels, hips, shoulders, and heads 
were in contact with the surface and that their 
heads were aligned horizontally. The height 
was recorded to the nearest 0.5 cm. Weight 
measurements were recorded using digital 
scales (Seca, Germany) in the first phase of 
the study and a different scale (Omron BF511, 
Karada Body Scan, Osaka, Japan) in the second 
phase, both accurate to 0.1 kg. BMI (Body 
Mass Index) was determined by dividing weight 
(in kilograms) by height squared (in meters). 
Additionally, waist circumference was measured 
at the midpoint between the bottom of the 
last visible rib and the top of the iliac crest. 
Measurements of height, weight, and waist 
circumference were taken while participants 
were in minimal clothing and without shoes.

Statistical analysis
Continuous variables were presented as 
means with standard deviations (SD), whereas 
categorical variables were shown as percentages. 
Continuous variables were analyzed using 
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independent t-tests, whereas categorical 
variables were assessed using chi-square tests. 
Cox proportional hazards models were used to 
estimate hazard ratios (HRs) and 95% confidence 
intervals (CIs) for CVD mortality. A crude model 
and a multivariable-adjusted model were used, 
adjusting for factors such as hypertension, 
diabetes, and high cholesterol. Incidence rates 
were calculated as the number of events divided 
by the total person-time at risk for the relevant 
subgroup and expressed per 1,000 person-years. 
All analyses were performed using SPSS version 
19 (IBM Corp., Armonk, NY, USA), with statistical 
significance established at P < 0.05.

 
Results
Characteristics of the sample
In the first phase of the prospective study, 2,000 
participants were recruited (Figure 1). In the 
second phase, 1,611 participants were followed up 
and assessed. Among the participants, there were 
144 fatalities (8.9%), including 83 deaths caused 
by CVD and 61 deaths due to non-cardiovascular 
causes. Ultimately, the baseline characteristics 

collected during 2005-2006 of participants who 
later died from CVD were compared with those of 
participants who survived the follow-up period. 
Significant differences were observed in age, 
weight, BMI, blood pressure, glucose levels, TG, 
cholesterol, LDL cholesterol, gender, smoking, 
economic status, physical activity, and education 
(P < 0.05) (Table 1).

CVD Mortality rates
The overall 10-year cumulative incidence of CVD 
mortality was 5.4% (83/1,550). The annual CVD 
mortality incidence rates were 0.69% for men, 
0.38% for women, and 0.54% for the total cohort.

The CVD mortality risk over the nearly 10-
year follow-up period is presented in Table 2. The 
incidence of CVD mortality among individuals 
aged 65 years and older was 15.14 per 1,000 
person-years, markedly higher than that 
observed in younger participants. Moreover, 
CVD mortality rates were higher among men, 
smokers, individuals with high economic 
status, and those with only primary education 
compared with others.

 

 

 

 

 

  

 

 

 

Figure 1- Flow diagram showing the recruiting process during approximately a 10-year follow-up study 
for cardiovascular mortality 

 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Death 
n= 144 (8.9%) 

Alive 
n= 1467 (91.1%) 

Baseline (2005-2006) 
n= 2000

Repeated measurement (2015-2016) 

Loss to follow-up  
n= 389 (19.5%) 

Follow-up 
n= 1611 (80.6%) 

Non- cardiovascular mortality 
n= 61 (42.4%) 

Cardiovascular mortality  
n= 83 (57.6%) 

Figure 1. Flow diagram showing the recruiting process during approximately a 10-year follow-up study for cardiovascular mortality
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Table 1- Characteristics of participants who died from cardiovascular disease and who remained alive after approximately a 
10-year follow-up 
 
 

Results are presented as percentages for categorical variables and as means ± standard deviations for continuous variables.  

Variable Alive 
N= 1467 

CVD mortality  
N= 83 P value 

Age (year) 47.7±14.4 63.0±10.3 <0.001 
Women (%) 716 (48.8) 28 (33.7) 0.007 
Weight (Kg) 71.6±12.7 68.4±13.8 0.027 
Body Mass Index (Kg/m2) 26.23±4.32 25.53±4.04 0.015 
Systolic blood pressure (mmHg) 127±15 140±18 <0.001 
Diastolic blood pressure (mmHg) 82±9 87±10 <0.001 
Fasting blood sugar (mg/dL) 101.15±42.01 142.71±85.52 <0.001 
Triglyceride (mg/dL) 175.91±108.33 206.2±117.03 0.014 
Cholesterol (mg/dL) 198.29±44.18 216.78±51.1 <0.001 
LDL (mg/dL) 108.39±36.22 118.8±39.65 0.012 
HDL (mg/dL) 54.1±13.81 54.44±13.36 0.827 
Waist circumference (cm) 93.74±12.01 95.9±12.28 0.113 
Current smokers (%) 251 (17.1) 25 (30.1) 0.003 
Physical activity (%)    
Low 662 (66.4) 54 (87.1) 

0.003 Moderate 287 (28.8) 7 (11.3) 
Vigorous 48 (4.8) 1 (1.6) 
Economic Status (%)    
Low 188 (28.2) 17 (50) 

0.009 Moderate 269 (40.3) 6 (17.6) 
High 210 (31.5) 11 (32.4) 
Education (%)    
Primary 828 (58.1) 67 (80.7) 

<0.001 High school 455 (31.9) 10 (12) 
Academic 143 (10) 6 (7.2) 

Table 1. Characteristics of participants who died from cardiovascular disease and who remained alive after approximately a 10-year 
follow-up

Table 2. Risk of cardiovascular mortality after approximately a 10-year follow-up
Table 2- Risk of cardiovascular mortality after approximately a 10-year follow-up 
 
 

Variable At risk 
(n) 

Person 
year 

Cases 
(n) 

Incidence/1000 
person-year 

Hazard ratio (95%CI) 
Crude  

Hazard ratio (95%CI) 
Adjusted model* 

Age group        

 <65 1307 12916 37 2.86 1 1 
>65 304 3038 46 15.14 5.35 (3.47-8.24) 3.63 (2.28-5.77) 

Gender 
       
Woman 769 7635 28 3.67 1 1 
Men 842 8313 55 6.61 1.83 (1.16-2.89) 2.29 (1.31–3.34) 

Smoking 

       
Non-
smoker 1314 12998 58 4.46 1 1 

Smoker 292 2906 25 8.6 1.85 (1.16-2.96) 1.95 (1.21-3.13) 
Physical activity       

 
Low 753 7478 54 7.22 1 1 
Moderate 300 2987 7 2.34 0.33 (0.15-0.72) 0.38 (0.17-0.84) 
Vigorous 51 514 1 1.94 0.23 (0.03-1.68) 0.28 (0.04-2.07) 

Economic Status       

 
Low 218 2207 17 7.7 1 1 
Moderate 282 2816 6 2.13 0.30 (0.12-0.75) 0.40 (0.16-2.04) 
High 223 2221 11 4.95 0.67 (0.31-1.43) 0.85 (0.39-1.83) 

Education       

 
primary 947 9391 76 8.09 1 1 
High school 470 4618 10 2.16 0.30 (0.16-0.59) 0.49 (0.25-0.98) 
Academic 153 1529 6 3.92 0.51 (0.22-1.17) 0.69 (0.30-1.60) 

Results are reported as a hazard ratio with a 95% confidence interval.  
*These results are adjusted for hypertension, diabetes, and high cholesterol. 
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Factors associated with CVD mortality
In the crude model, participants older than 65 
years exhibited a significantly elevated risk of 
CVD mortality (HR = 5.35; 95% CI: 3.47-8.24) 
compared with those younger than 65 years. 
After adjustment, the association remained 
significant (HR = 3.63, 95% CI: 2.28-5.77). 
Furthermore, men showed a higher hazard than 
women in both the crude (HR = 1.83, 95% CI: 
1.16-2.89) and adjusted models (HR = 2.29, 95% 
CI: 1.31-3.34).

Smoking was identified as a significant 
contributor to increased CVD mortality risk in 
both the crude (HR = 1.85, 95% CI: 1.16-2.96) 
and adjusted analyses (HR = 1.95, 95% CI: 1.21-
3.13). Participation in moderate physical activity 
was associated with a reduced risk in the crude 
model (HR = 0.33, 95% CI: 0.15-0.72) and the 
adjusted model (HR = 0.38, 95% CI: 0.17-0.84).

Moderate economic status was associated 
with reduced CVD mortality in the crude model 
(HR = 0.30, 95% CI: 0.12-0.75), but this effect 
was no longer significant after adjustment 
(HR = 0.40, 95% CI: 0.16-2.04). High economic 
status showed no significant association in 
either model. For educational level, individuals 

with a high school education had a significantly 
lower CVD risk compared with those with only a 
primary education in both crude (HR = 0.30, 95% 
CI: 0.16-0.59) and adjusted models (HR = 0.49, 
95% CI: 0.25-0.98).

The results stratified by gender are provided 
in Tables 3 and 4. In both genders, the risk of 
CVD mortality was significantly higher among 
participants aged 65 years or older in men (HR = 
3.17; 95% CI: 1.82-5.54) and women (HR = 4.92; 
95% CI: 2.10-11.60) in the adjusted model. Also, 
moderate physical activity (HR = 0.35; 95% CI: 
0.14-0.89) and education (HR = 0.41; 95% CI: 
0.20-0.86) were predictors of CVD mortality in 
men (P < 0.05).

  
Discussion
Previous studies indicate that age and gender-
factors beyond our control-significantly 
contribute to the risk of mortality from CVD. 
Our findings align with this understanding. 
Specifically, we observed that participants 
aged 65 and older are at a greater risk of dying 
from CVD compared to those younger than 
65, making age the strongest predictor of this 
outcome. The aging process contributes to 

Table 1- Risk of cardiovascular mortality after approximately a 10-year follow-up in men 
 

Variable At risk 
(n) 

Person 
year 

Cases 
(n) 

Incidence/1000 
person-year 

Hazard ratio (95%CI) 
Crude  

Hazard ratio (95%CI) 
Adjusted model* 

Age group        

 <65 686 6779.66 28 4.13 1 1 
>65 156 1539.8 27 17.53 4.55 (2.68-7.72) 3.17 (1.82-5.54) 

Smoking 
       
Non-smoker 554 5454.44 30 5.5 1 1 
Smoker 284 2825.5 25 8.85 1.51 (0.89-2.57) 1.51 (0.88-2.56) 

Physical activity       

 
Low 460 4524.49 39 8.62 1 1 
Moderate 168 1669.63 5 2.909 0.33 (0.13-0.84) 0.35 (0.14-0.89) 
Vigorous 39 391.98 1 2.55 0.25 (0.03-1.80) 0.28 (0.40-2.09) 

Economic Status       

 
Low 116 1157.88 14 12.1 1 1 
Moderate 187 1853.57 6 3.24 0.29 (0.11-0.75) 0.43 (0.16-1.15) 
High 142 1412 10 7.08 0.61 (0.27-1.38) 0.81 (0.35-1.83) 

Education       

 
Primary 401 3961.37 40 10.1 1 1 
High school 288 2829.47 9 3.18 0.30 (0.15-0.62) 0.41 (0.20-0.86) 
Academic 123 1228.63 6 4.88 0.41 (0.17-0.98) 0.50 (0.21-1.95) 

Results are reported as a hazard ratio with a 95% confidence interval.  
*These results are adjusted for hypertension, diabetes, and high cholesterol. 
 

Table 3. Risk of cardiovascular mortality after approximately a 10-year follow-up in men
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vascular alterations, such as arterial stiffening 
and endothelial dysfunction, which exacerbate 
atherosclerosis. Consequently, the incidence of 
fatal cardiovascular events increases markedly 
with age, with individuals over 65 accounting 
for over 80% of CVD deaths²⁰. This burden 
is particularly pronounced in women, as the 
decline in estrogen levels associated with 
menopause around age 50 leads to a worsening 
of cardiovascular risk factors and heightened 
risk of CVD and mortality. Thus, menopause 
represents a critical period to implement 
preventive strategies aimed at reducing CVD 
risk in women²¹. In addition, in the research 
conducted by Talaei et al., it was observed that 
the incidence of death from cardiovascular 
events escalates exponentially with age, 
reaching a peak among individuals aged 65 to 74 
years²². In our study, we found that individuals 
over the age of 65 exhibit an incidence rate of 
17.53 deaths per 1,000 person-years, aligning 
with other research²⁰˒²². Furthermore, while a 
notable gender disparity in CVD mortality was 
reported, with men experiencing a rate of 331 
per 100,000 person-years compared to 203 for 

women, this difference did not achieve statistical 
significance in their study²². Conversely, a recent 
study reported that a significant variation in 
CVD mortality rates between genders, with men 
being more likely to die from CVD, with an 80% 
higher risk compared to women, that are similar 
to our findings⁵. In addition, a significant gender 
gap in CVD mortality was shown in Lithuania 
and France, with men at a higher risk than 
women²³. These findings underscore the need 
to consider age and gender when evaluating 
health outcomes, as well as the necessity for 
further research into gender disparities in health 
outcomes.

Extensive research conducted has 
consistently established a strong association 
between modifiable life factors-specifically 
smoking, physical inactivity, low socioeconomic 
status, and low educational attainment-and 
an increased risk of death from CVD²⁴⁻²⁷. Our 
analysis suggested that obtaining an education 
beyond the high school level may reduce the 
risk of CVD mortality, further supporting existing 
literature⁹˒²⁸. Conversely, our findings indicated 
that low economic status is not associated with 

Table 4. Risk of cardiovascular mortality after approximately a 10-year follow-up in women
Table 2- Risk of cardiovascular mortality after approximately a 10-year follow-up 
 
 

Variable At risk 
(n) 

Person 
year 

Cases 
(n) 

Incidence/1000 
person-year 

Hazard ratio (95%CI)  
Crude  

Hazard ratio (95%CI) 
Adjusted model* 

Age group        

 <65 621 6136.66 9 1.47 1 1 
>65 148 1498.36 19 12.68 8.31 (3.76-18.37) 4.92 (2.10-11.60) 

Smoking 
       
Non-smoker 760 7543.99 28 3.71 - - 
Smoker 8 81.15 7 86.26 - - 

Physical activity       

 
Low 293 2953.63 15 5.08 1 1 
Moderate 132 1318.82 2 1.52 0.32 (0.07-1.39) 0.46 (0.10-2.03) 
Vigorous 12 122.97 0 - - - 

Economic Status       

 
Low 102 1049.4 3 2.86 1 1 
Moderate 95 963.28 0 - - - 
High 81 809.22 1 1.23 0.43 (0.045-4.13) 0.70 (0.71-7.00) 

Education       

 
Primary 546 5430.15 27 5.96 1 1 
High school 182 1789.12 1 0.56 0.12 (0.016-0.85) 0.31 (0.04-2.37) 
Academic 30 300.68 0 - - - 

Results are reported as a hazard ratio with a 95% confidence interval.  
*These results are adjusted for hypertension, diabetes, and high cholesterol. 
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higher mortality rates from CVD, contradicting 
earlier studies²⁴. The association between 
economic status and CVD mortality is complex 
and may differ based on factors such as study 
design, the demographics of the population, 
measurement of economic status and the 
impact of confounding variables.

In addition to the mentioned factors, personal 
behaviors such as physical activity are crucial in 
mitigating CVD risk. A meta-analysis has indicated 
that leisure-time physical activity correlates 
negatively with CVD mortality risk across various 
demographics, although the protective effect is 
less pronounced in individuals over 65 or with 
a history of CVD²⁶. Our study highlights a clear 
association between physical activity levels 
and CVD mortality rates: individuals engaging 
in moderate physical activity have the lowest 
mortality risk compared to those with low 
levels of physical activity. Our findings align with 
existing evidence demonstrating that moderate 
physical activity alone reduce substantial the 
risk of death from CVD²⁹. Exercise-only training 
had been shown to significantly reduce pooled 
cardiac mortality by 28%³⁰. Moderate physical 
activity appears to reduce CVD mortality, 
particularly among men. However, this positive 
association was not observed in women, which 
may suggest that the physical activity data for 
women in the study were not adequate for 
reaching firm conclusions.

Our findings showed that although smoking 
is a notable risk factor for CVD mortality, its 
association with CVD mortality does not achieve 
statistical significance when assessed by gender. 
This lack of significance may be attributed to the 
small number of smokers, particularly among 
women, which limited our statistical power 
and resulted in unstable estimates of the HR. A 
Study showed that a longer duration of smoking 
cessation reduced mortality risks, including 
CVD²⁷. Notably, a study examining cigarette 
smoking’s effect on the education-mortality gap 
among U.S. adults found that lower educational 
attainment was associated with higher mortality 

rates, primarily due to the higher prevalence and 
longer duration of smoking among individuals 
with less education, especially among men and 
younger women³¹. These results underscored 
the role of smoking as a key factor in mortality 
risk differences linked to education, highlighting 
the influence of age and gender in smoking 
behaviors³¹.

Strengths and limitation
This study had several notable strengths. 
It represented the first long-term cohort 
analysis in Yazd, Iran, to examine lifestyle 
and sociodemographic factors related to CVD 
mortality, with a follow-up period of nearly 
a decade. Standardized data collection and 
validated measures improved the study’s internal 
validity. In addition, the population-based 
sample provided region-specific insights into 
CVD risk factors in Middle Eastern populations, 
where data are limited.

There were several limitations to note. The 
modest sample size restricted subgroup analyses 
by gender and physical activity. In addition, the 
study did not account for confounding factors 
such as dietary habits, genetic predisposition, or 
clinical history. Because the study was conducted 
in a single geographic region, the findings 
may not be fully generalizable to populations 
with different cultural, environmental, or 
socioeconomic contexts. Moreover, because 
the data were collected from 2005 to 2015, 
the findings may not be directly applicable to 
today’s populations, particularly given changes 
in lifestyle and healthcare.

Conclusion
This cohort analysis confirmed that older age 
and smoking increase the risk of CVD mortality, 
with men facing a higher risk than women. 
Conversely, moderate physical activity and high 
school education provided significant protective 
benefits. Interventions targeting these factors 
could substantially reduce the cardiovascular 
burden in similar middle-income populations.
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