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Abstract
Background

Insufficient physical activity (IPA) is a key lifestyle-related cardiovascular risk factor based on evidence
from prospective cohort studies. Iran has one of the highest cardiovascular diseases (CVD) burdens in
the Middle East and North Africa (MENA) region. This study estimated prevalence-based population-
attributable fractions (PAFs) of prevalent CVD, coronary heart disease (CHD), and stroke associated with
insufficient non-occupational physical activity among Iranian adults aged = 40 years.

Methods

We analyzed data from 16.552 adults aged = 40 years participating in the nationally representative Iran
STEPS 2021 survey. IPA was defined as < 600 metabolic equivalent task (MET) minutes of non-
occupational moderate-to-vigorous physical activity per week. PAFs were estimated using Miettinen’s
formula by combining the prevalence of IPA among individuals with prevalent disease and sex-specific
relative risks derived from a large prospective meta-analysis. Analyses incorporated sampling weights
and are presented as percentages with 95% confidence intervals (Cls).

Results

The weighted prevalence of CVD was 11.48% (95% Cl: 10.95-12.04), CHD 10.43% (95% CI: 9.91-10.96),
and stroke 2.17% (95% Cl: 1.94-2.43). IPA was more prevalent among females, older adults, and
individuals with lower educational attainment. Under a modeled counterfactual scenario of sufficient
non-occupational physical activity, the estimated PAF was 19.2% (95% CI: 15.1-23.2) for CVD, with
higher fractions among women (25.2%) than men (16.6%) and among adults aged = 60 years.
Corresponding PAFs were 15.9% (95% Cl: 11.2-20.5) for CHD and 17.1% (95% Cl: 11.5-22.5) for stroke.

Conclusions

Using a prevalence-based modeling approach, a substantial proportion of prevalent cardiovascular
disease among Iranian adults aged = 40 years represent the proportion of prevalent disease theoretically
preventable under modeled scenarios of sufficient non-occupational physical activity. These findings
represent policy-oriented scenario estimates rather than causal effects and highlight population
subgroups in which physical activity promotion may have greater public health relevance.

Trial Registration

Not applicable
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1. Introduction

CVDs remain a leading cause of morbidity and premature mortality worldwide. According to Global
Burden of Disease estimates in 2021, the global age-standardized burden of CVDs was estimated at
4,942 3 disability-adjusted life years (DALYs) and 245.1 deaths per 100,000 populations. The Middle East
and North Africa (MENA) region bears the highest global prevalence of CVDs (9,978.7 per 100,000),
exceeding the global average of 7,241.7 per 100,000 by 38%. This elevated burden is reflected in higher
regional DALYs and mortality rates of 7,040.1 and 361.4 per 100,000, respectively. In Iran, the burden is
even greater, with a prevalence of 10,337.8 per 100,000 population, highlighting a major public health
challenge (1). Among CVD subtypes, CHD and ischemic stroke account for a substantial proportion of
this burden and represent key targets for prevention strategies (1).

IPA, defined as engaging in less than 600 metabolic equivalent task (MET) minutes of moderate-to-
vigorous physical activity per week, is a well-established modifiable risk factor for CVD, including CHD
and stroke (2, 3). Globally, IPA is estimated to contribute to approximately 7.2% of all-cause mortality and
7.6% of CVD-related deaths (2). The World Health Organization (WHO) has reported that nearly 1.8 billion
adults worldwide do not meet recommended physical activity levels (4). Data from Iran’s 2021 STEPwise
approach to non-communicable disease risk factor surveillance (STEPs) indicate that the prevalence of
IPA exceeds the global average, suggesting a substantial potential public health impact in the national
context (5). In the STEPS survey, physical activity is assessed using the Global Physical Activity
Questionnaire (GPAQ), which captures occupational, transport-related, and leisure-time activity. However,
most prospective studies linking physical activity to cardiovascular outcomes are based primarily on
non-occupational physical activity, including leisure-time and transport-related domains(6, 7).

Occupational physical activity may have different health associations and is subject to distinct patterns
of confounding and measurement error. Therefore, restricting the exposure definition to non-
occupational physical activity improves conceptual alignment between exposure prevalence and
externally derived relative risks and enhances interpretability of population-attributable fraction
estimates.

In low- and middle-income countries such as Iran, the management of CVDs is challenged by high
treatment costs and limited healthcare resources. These constraints underscore the importance of
prevention-oriented strategies, among which promoting physical activity is considered one of the most
cost-effective approaches to reducing the burden of CHD and stroke (8, 9).

Population-attributable fraction (PAF) is an epidemiological measure that combines the prevalence of a
risk factor with externally derived relative risks to estimate the proportion of disease burden that could
theoretically be prevented under a counterfactual scenario in which exposure is eliminated, assuming
that the relative risks are causal and applicable to the target population(10). When adjusted relative risks
are available, Miettinen’s formula provides less biased estimates than simpler methods, such as Levin’s
equation, by accounting for confounding (11, 12).

Page 4/24



Despite the high prevalence of both cardiovascular disease and IPA in Iran, no nationally representative
study has quantified sex- and age-specific, prevalence-based PAFs of CHD and stroke associated with
insufficient non-occupational physical activity. Addressing this gap may help inform prioritization of
physical activity promotion within national non-communicable disease (NCD) prevention strategies.

Accordingly, this study aimed to estimate nationally representative, sex- and age-specific PAF of
prevalent CVD, CHD, and stroke associated with insufficient non-occupational physical activity among
Iranian adults aged 40 years and older, using data from the 2021 Iran STEPS survey and relative risks
derived from large prospective cohort studies.

2. Materials and Methods
2.1. Study Design

This cross-sectional study used data from the 2021 Iran STEPwise approach to non-communicable
disease (NCD) risk factor surveillance (STEPS) survey, conducted in accordance with WHO guidelines
(13).

The STEPS program collects standardized, nationally representative data on major NCD risk factors
through three sequential components: (1) behavioral risk factors, (2) physical and anthropometric
measurements, and (3) biochemical assessments. The 2021 STEPS survey employed a multistage,
stratified cluster sampling design to select participants aged = 18 years from urban and rural areas of all
31 provinces of Iran. Detailed sampling procedures and data collection methods have been reported
elsewhere (14).

A multistage, cluster-based, systematic random sampling method was used to select participants aged
> 18 years. For the present analysis, we restricted the sample to adults aged = 40 years to align with the
age range at highest risk for CVD. This threshold was chosen a priori because many cohort studies and
prevention frameworks begin estimating CVD incidence and lifetime risk from age 40, when
atherosclerotic events start to occur with sufficient frequency for stable and policy-relevant estimates
(15, 16). Large population-based analyses of modifiable CVD risk factors have likewise limited primary
analyses to adults aged = 40 years (17, 18). In Iran, national NCD and STEPS-based work has focused on
adults aged 40-70 years for CVD risk monitoring and intervention planning, reflecting the concentration
of events in this age range (19, 20).

Of the 27,874 individuals who participated in the 2021 STEPS survey, 16.552 adults aged = 40 years
(mean age: 55.9 + 0.1 years) with complete data on physical activity and cardiovascular outcomes were
included in the final analytic sample. A detailed flow diagram describing participant inclusion and
exclusion is provided in Supplementary Figure ST.

2.2. Definition and Measurement of Variables
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2.2.1. Physical activity

Physical activity was assessed using version 2 of the WHO Global Physical Activity Questionnaire
(GPAQ), which captures activity in three domains: occupational, transport-related, and recreational
(leisure-time) (6, 7). The GPAQ allows calculation of weekly metabolic equivalent task (MET) minutes,
with vigorous activity weighted at eight METs and moderate activity at four METs, in accordance with
WHO guidelines. Total non-occupational physical activity was calculated by summing transport-related
and leisure-time activity. IPA was defined as engaging in < 600 MET minutes per week of non-
occupational moderate-to-vigorous physical activity, consistent with international recommendations
(21). Participants were classified as having sufficient (= 600 MET minutes/week) or insufficient physical
activity.

2.2.2. Cardiovascular outcomes

CVD status was determined using two standardized self-report items included in the STEPS
questionnaire:1. “Have you ever been told by a doctor or health professional that you had a heart attack
or chest pain from heart disease (angina) or if they reported a history of coronary artery bypass graft
surgery, percutaneous coronary intervention (angioplasty), or stent placement?” 2. “Have you ever had a
stroke?” For analysis, we used a composite CVD definition, considering a positive response to either
question as CVD, and separate outcomes, examining CHD and stroke independently. Stroke cases were
defined based on the dedicated stroke question.

2.2.3. Sociodemographic covariates

Sociodemographic characteristics were collected using standardized STEPS questionnaires. Variables
included age group (40-59, = 60 years), sex, marital status (single, married, widowed/divorced),
education level, and urban or rural residence. Education was categorized as: 0 years (illiterate/no formal
education), 1-6 years (elementary), 7-11 years (middle/high school), and = 12 years (college or higher).
These covariates were used for descriptive analyses to characterize the study population.

2.3. Statistical Analysis
2.3.1. Population attributable fraction (PAF)

Population-attributable fraction (PAF) was estimated as a prevalence-based measure combining
contemporaneous exposure prevalence among individuals with prevalent disease and relative risks
derived from prospective studies (10, 22, 23). Accordingly, PAF estimates in this study represent
modeled, policy-oriented scenario measures rather than causal effects derived from the cross-sectional
data.

Two key parameters determine the PAF: (1) the prevalence of the risk factor among cases and (2) the RR
of the outcome associated with the risk factor (10). PAF was estimated using Miettinen’s formula, which
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permits the use of adjusted RRs derived from large prospective meta-analyses that account for key
confounders such as age, smoking, body mass index, and comorbidities.

This approach provides more robust and less biased estimates than simpler methods such as Levin's
Eq. (11):

RR—-1
RR

PAF=pc

Here, pc is the weighted prevalence of IPA among individuals with CVD, CHD, or stroke, and RR
represents the sex-specific adjusted relative risk of each outcome associated with non-occupational IPA.

The prevalence of IPA among individuals with each outcome was estimated from the STEPS survey data.
Sex-specific relative risks were obtained from a large meta-analysis of 94 prospective cohort studies
involving more than 30 million participants worldwide(24). This meta-analysis provided pooled estimates
adjusted for major confounders, including age, smoking status, body mass index, and major
comorbidities. Although residual confounding cannot be excluded, these pooled estimates represent the
most robust and generalizable evidence currently available. The RRs were reported for each outcome
separately for both sexes (overall) and for assumed non-occupational physical activity greater than 8.75
MET-hours/week, approximately 600 MET-minutes/week, as sufficient PA groups. The input RRs and
corresponding Cls for total CVD, CHD, and stroke were 0.73 (0.69 to 0.79), 0.79 (0.74 to 0.84), and 0.80
(0.75 to 0.85), respectively.

2.3.2. Descriptive statistics and weighting

All analyses incorporated the complex sampling design of the STEPS survey, including stratification,
clustering, and sampling weights, to ensure national representativeness. Sampling weights were derived
from the 2016 Iranian National Census and adjusted for age, sex, and place of residence (14).
Categorical variables were summarized as weighted proportions with corresponding 95% confidence
intervals. Prevalence estimates were reported descriptively without formal hypothesis testing.

2.3.3. Software and graphical presentation

Statistical analyses were conducted using R software (version 4.3.3). PAFs and corresponding 95%
confidence intervals were estimated using the PAF package (25). Confidence intervals were derived by
propagating uncertainty in both exposure prevalence and relative risk estimates through simulation-
based methods implemented in the package. The delta method was applied in the complex survey
design to estimate confidence intervals (Cls) for the prevalence of IPA. Then the provided Cls for relative
risks (RRs) from the cited meta-analysis was extracted. Finally, the Cls for prevalence (pc) and RRs was
used and entered in graphpaf package to estimate prevalence-based PAF and corresponding Cl based on
the bootstrapping method. All figures were generated using the ggplot2 package.

2.4. Ethics approval and consent to participate
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The study was approved by the Research Ethics Committee of the School of Medicine, Tehran University
of Medical Sciences (IR.TUMS.MEDICINE.REC.1403.230) and conducted in accordance with the
Declaration of Helsinki. All participants provided written informed consent, with assurance of
confidentiality and voluntary participation. Data were deidentified to ensure privacy and were accessible
only to the study’s principal investigator and data manager. The data used for this study were accessed
in 20 February 2025.

3. Results

3.1. Overall Prevalence of CVD, CHD, and Stroke

The analysis included 16,552 Iranian adults aged =40 years, with a mean age of 55.9 + 0.10 years. The
weighted prevalence of CVD was 11.5% (95% Cl: 10.9-12.0), including 10.4% (95% CI: 9.9-10.9) with
CHD and 2.17% (95% Cl: 1.94-2.43) reporting a history of stroke (Table 1).

CVD prevalence increased across age groups, from 6.4% (95% Cl: 5.9-6.9) among adults aged 40-59
years t0 20.6% (95% Cl: 19.5-21.8) among those aged =60 years. Similar age-related patterns were
observed for CHD (5.6% to 19.1%) and stroke (1.2% to 3.8).

Higher prevalence was observed among males (14.1%, 95% Cl: 13.2-15.0) than females (9.3%, 95% Cl:
8.7-10.0). Urban residents had slightly higher CVD prevalence (11.8%) than rural residents (10.3%),
largely reflecting differences in CHD prevalence (Table 1).

Across marital status categories, the highest CVD prevalence was observed among widowed or divorced
individuals (16.2%, 95% Cl: 14.5-18.1), followed by married participants (10.9%, 95% Cl: 10.4-11.5) and
single individuals (7.0%, 95% CI: 4.7-10.2). CVD prevalence was highest among participants with no
formal education (16.0%, 95% Cl: 14.8—-17.4) and lowest among those with =12 years of schooling (8.7%,
95% Cl: 7.8-9.7).

3.2. Prevalence of CVD, CHD, and Stroke by Physical Activity Status

The prevalence of CVD, CHD, and stroke according to physical activity status is presented in Figure 1. For
all outcomes, higher prevalence was observed among participants with IPA compared with those
meeting recommended activity levels.

Overall, CVD prevalence was 12.2% among participants with IPA and 10.2% among those with sufficient
physical activity. Corresponding prevalence estimates were 11.0% versus 9.4% for CHD and 2.5% versus
1.5% for stroke.

Similar patterns were observed among females, in whom disease prevalence was consistently higher in
participants with IPA than in those with sufficient activity (Figure 1).
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Figure 2 shows the distribution of IPA among participants with and without CVD, CHD, and stroke. IPA
prevalence was highest among females with stroke (84.3%), followed by males with stroke (66.3%).
Overall, IPA prevalence was 67.1% among participants with CVD and 62.6% among those without CVD.
The lowest prevalence of IPA was observed among males without CVD (54.8%).

In the overall study population, the weighted prevalence of IPA was 62.61% (Figure S2).
3.3. PAF Estimates by Sex and Age

Population-attributable fraction (PAF) estimates are presented in Table 2. The overall PAF for CVD
associated with IPA was 19.2% (95% CI: 15.1-23.2).

Higher PAF estimates were observed among females (25.2%, 95% Cl: 17.3-32.6) than males (16.6%,
95% Cl: 15.6—17.5). By age group, PAF estimates were 19.7% (95% CI: 15.5—-23.8) among adults aged
>60 years and 18.3% (95% Cl: 14.3-22.3) among those aged 40-59 years.

For CHD, the PAF was 15.9% (95% Cl: 11.2—20.5) overall, with higher values among females (23.1%, 95%
Cl: 10.5-34.3) than males (7.2%, 95% Cl: 1.1-13.1). For stroke, the overall PAF was 17.1% (95% CI: 11.5-
22.5), with estimates of 20.6% (95% Cl: 10.2-30.1) among females and 10.5% (95% Cl: 6.0-15.1) among
males.

Among females aged =60 years, PAF estimates were highest across all outcomes, including 26.0% for
CVD, 24.0% for CHD, and 20.6% for stroke.

4. Discussion

Using nationally representative data from the 2021 Iran STEPS survey combined with relative risks
derived from large prospective cohort studies, this study estimated the theoretical proportion of
prevalent cardiovascular disease (CVD) that could be considered preventable under a scenario of
sufficient non-occupational physical activity. Approximately one-fifth of prevalent CVD, CHD, and stroke
among Iranian adults aged =40 years were attributable to IPA, with higher fractions observed among
women and older adults. Given the cross-sectional design and reliance on self-reported outcomes, these
estimates should be interpreted as policy-oriented scenario measures rather than evidence of causal
effects.

The WHO has set a global target of reducing physical inactivity by 15% by 2030, while Iran has adopted a
more ambitious national target of 20% (5, 26). In the context of the high prevalence of IPA observed in
STEPS 2021 and effect sizes reported in prospective studies, our findings suggest that a substantial
proportion of prevalent CVD (PAF: 19.2%), CHD (15.9%), and stroke (17.1%) could theoretically be
prevented if insufficient activity were eliminated. These proportions were particularly high among women
(CVD PAF: 25.2%) and older adults. However, reverse causality and outcome misclassification likely
inflate these estimates and must be considered when interpreting the results (5).
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The weighted prevalence of self-reported CVD, CHD, and stroke in this study was 11.5%, 10.4%, and 2.2%,
respectively. Disease prevalence was higher among individuals with insufficient activity than among
those meeting recommended levels, and IPA was more common among participants with prevalent
disease. This pattern aligns with global evidence indicating that physical inactivity accounts for a
substantial share of cardiovascular-related disability-adjusted life years (DALYs) worldwide (27). At the
same time, IPA was significantly more prevalent among individuals with CVD than among those without,
consistent with previous studies attributing this pattern to physical limitations, psychological factors,
and sociodemographic constraints (28).

Because exposure and outcome were measured contemporaneously, these associations do not
establish temporal ordering. Reverse causation is likely, as individuals with established cardiovascular
disease—particularly stroke survivors—often reduce their physical activity after diagnosis. This may
inflate IPA prevalence among cases and lead to overestimation of PAFs. In addition, misclassification of
self-reported cardiovascular outcomes, especially angina and chest pain, may attenuate associations
and distort subgroup patterns. Differential access to healthcare and diagnostic awareness by sex and
education may further contribute to measurement error. Overall, these sources of bias are expected to
primarily bias PAF estimates upward, particularly in older adults and individuals with established
disease.

The burden of IPA-attributable CVD was particularly high among women and older adults. This pattern is
consistent with global estimates but highlights Iran’s disproportionate burden, which may be
exacerbated by sociodemographic disparities such as lower educational attainment, widowhood, and
limited access to preventive services (27). Our findings therefore underscore IPA as a critical yet
modifiable contributor to cardiovascular disease in Iran.

Sociodemographic disparities were evident in both physical activity patterns and disease prevalence.
Participants with lower educational attainment and those who were widowed or divorced had higher
CVD prevalence and higher PAF estimates. Individuals with no formal education had nearly double the
prevalence of CVD compared with those with =12 years of schooling, likely reflecting lower health
literacy and reduced access to preventive care (29, 30). Similar patterns have been reported elsewhere,
where higher education, income, and employment status are associated with greater physical activity
participation (31). These findings highlight the importance of addressing educational inequalities in
cardiovascular prevention strategies.

Marital status was also associated with disease prevalence. Single individuals showed the lowest
prevalence, while married and widowed participants had higher rates. Previous research suggests that
marital status influences cardiovascular health through pathways related to social support, economic
stability, and health behaviors (32). Although findings across studies are not fully consistent, the social
context of health remains an important determinant of physical activity and cardiovascular risk.

Age-related increases in disease prevalence were consistent with global patterns (1, 33), while modest
urban-rural differences may reflect changing occupational structures and transportation environments.
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Higher PAF estimates among women were observed across all outcomes. Comparable sex-specific
patterns have been reported in other settings, particularly for stroke risk (3). For example, Salmantabar
et al. reported stronger associations between IPA and cardiovascular outcomes among Iranian women
than men (34). In contrast, some studies from East Asia have reported smaller sex differences in activity
patterns (35). In Iran, sociocultural norms, limited access to women-friendly recreational spaces, and
caregiving responsibilities may contribute to lower activity levels among women, particularly at older
ages. These contextual factors are essential for interpreting subgroup estimates and designing
appropriate interventions.

Globally, CVD prevalence continues to rise, and IPA remains a persistent risk factor (36). Evidence
indicates that even low levels of leisure-time physical activity reduce stroke and coronary risk, with
relative risk reductions of 20—-40% reported in several meta-analyses (37, 38). Together, these findings
reinforce the importance of promoting physical activity across the life course.

5. Policy Implications and Recommendations

Our findings suggest several priorities for public health policy and research in Iran. Given the substantial
proportion of CVD theoretically attributable to IPA, national prevention strategies should prioritize
physical activity promotion, particularly among women, older adults, and socioeconomically
disadvantaged groups.

The WHO Global Action Plan on Physical Activity emphasizes governance, supportive environments,
opportunity creation, communication, and monitoring as central pillars for increasing population activity
levels (39). Evidence from Iran supports this approach. For example, a randomized trial of the WHO-PEN
5As counseling model demonstrated that structured primary care interventions can improve physical
activity and other lifestyle behaviors (40).

Iran-specific approaches warrant further investigation through implementation research. Given that
approximately one-quarter of female CVD cases were attributable to IPA, and that PAFs were highest
among women aged =60 years, interventions should prioritize culturally acceptable and accessible
opportunities for physical activity. Potential strategies include women-only walking groups in parks or
schoolyards, subsidized access to municipal sports facilities, and home-based exercise programs
delivered through television, radio, or digital platforms. Parallel efforts should target individuals with
lower educational attainment through workplace wellness initiatives and community health worker—led
activity programs, particularly in rural areas.

Embedding physical activity counseling within Iran’s primary healthcare network, including Health
Houses and comprehensive health centers, could facilitate routine screening and intervention for IPA in
alignment with WHO guidelines. These strategies are presented as feasible hypotheses requiring local
evaluation rather than interventions directly tested in this study. Their successful implementation will
require addressing broader systemic challenges, including resource constraints and organizational
barriers within the healthcare system (41).
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Finally, WHO guidelines recommend that adults engage in 150—300 minutes of moderate-to-vigorous
physical activity per week and reduce sedentary behavior (36, 42). Promoting adherence to these
recommendations, while addressing sociocultural and structural barriers, may substantially contribute to
reducing the cardiovascular disease burden in Iran.

6. Strengths and Limitations

A maijor strength of this study is the use of a large, nationally representative sample from the 2021 Iran
STEPS survey, encompassing both urban and rural populations across all provinces. The multistage
cluster sampling design and application of sampling weights enhance the generalizability of the findings.
The use of Miettinen’s formula with adjusted relative risks derived from large prospective meta-analyses
improves confounding control compared with simpler PAF estimation methods. Stratified analyses by
age and sex allowed identification of population subgroups with higher modeled PAF estimates.

Several limitations should be acknowledged. First, the cross-sectional design precludes causal
inference. Physical activity was measured contemporaneously, whereas cardiovascular outcomes
reflected lifetime self-reported diagnoses. This temporal mismatch increases the likelihood of reverse
causation, particularly among individuals with disabling conditions such as stroke, and may lead to
upwardly biased PAF estimates.

Second, physical activity and disease outcomes were self-reported. Although the GPAQ is validated,
recall and social desirability bias may affect activity estimates. Self-reported cardiovascular diagnoses,
especially angina or chest pain, are prone to misclassification, which may attenuate true associations
and distort subgroup patterns.

Third, residual confounding remains possible. Although pooled relative risks were adjusted for major
confounders, factors such as diet, income, disability, and mental health were not uniformly accounted for
across cohorts. Consequently, PAF estimates may be context-dependent and potentially overestimated.

Fourth, international meta-analytic relative risks were applied to the Iranian population. If true
associations differ because of genetic, environmental, or healthcare system factors, misestimation may
occur. In addition, PAFs represent a theoretical maximum under complete elimination of insufficient
physical activity, which is unlikely to be achieved in practice.

Further, the study relied on a single baseline measure of physical activity and did not capture seasonal
variation, detailed activity intensity, or sedentary behavior patterns, all of which may influence
cardiovascular risk. At the same time, our findings are restricted to adults aged =40 years and may not
be generalizable to younger adults, among whom absolute CVD risk and event counts are much lower
and PAF estimates would be less stable and less directly relevant for current national prevention
priorities. Finally, data collection occurred during 2021, when the COVID-19 pandemic may have altered
physical activity behaviors and healthcare access, potentially affecting both exposure and outcome
measures.
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7. Conclusion

Using nationally representative data from the 2021 Iran STEPS survey and relative risks from prospective
studies, this analysis estimated prevalence-based population-attributable fractions for cardiovascular
disease, coronary heart disease, and stroke associated with insufficient non-occupational physical
activity among Iranian adults aged =40 years. These modeled estimates represent theoretical scenario
measures rather than causal effects.

Under these assumptions, IPA accounted for a substantial proportion of prevalent cardiovascular
disease, particularly among women and older adults. Reverse causation and outcome misclassification
may have biased these estimates upward. Nevertheless, the findings identify population groups in which
physical activity promotion may have greater public health relevance.

Strengthening physical activity promotion within primary care, community settings, and urban planning
frameworks may contribute meaningfully to cardiovascular disease prevention in Iran. Future
longitudinal studies and implementation research are needed to establish causal relationships, evaluate
context-specific interventions, and support evidence-informed policymaking aimed at reducing the
national burden of cardiovascular disease.
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Table 1

Socio-demographic factors of population in different disease subgroup; aged 40 years and older)

Variable

Total population
(N =16,552; mean age:

55.94 + 0.10)

Age group

Sex

Residency

Marriage

Schooling
years

40-59
years

> 60 years
Female
Male
Urban
Rural
Single
Married
Widow
/divorced
0

1-6

7-11

CVD+
% [95%Cl]

11.48 [10.95,
12.04]

6.45
[5.94, 6.99]

20.64
[19.52,21.82]

9.34
[8.7,10.03]

14.11
[13.25,15.02]

11.83
[11.21,12.48]

10.37
[9.377,11.46]

7.02
[4.76,10.25]

10.96
[10.4,11.55]

16.27
[14.54,18.15]

16.08
[14.81,17.44]

12.32
[11.37,13.35]

9.07
[7.85,10.30]

8.75
[7.888,9.707]

CHD +
% [95%Cl]

10.43[9.91,10.96]

5.66
[5.191,6.181]

19.09
[17.99,20.23]

8.39
[7.78,9.047]

12.92
[12.09,13.8]

10.86
[10.27,11.49]

9.0
3[8.09,10.06]

5.22
[3.29,8.20]

9.96
[9.42,10.53]

14.92
[13.25,16.74]

14.55
[13.33,15.86]

11.07
[10.16,12.05]

8.19
[7.09,9.43]

8.09
[7.251,9.07]

Stroke+
% [95%Cl]

2.17[1.94,
2.43]

1.278
[1.06,1.54]

3.80
[3.30,4.38]

1.80
[1.526,2.136]

2.62
[2.28,3.06]

2.16
[1.90,2.46]

2.20
[1.75,2.75]

2.41
[1.252,4.68]

2.03
[1.72,2.30]

3.13
[2.37,4.11]

3.11
[2.55,3.796]

2.59
[2.15,3.11]

1.457
[1.02,2.04]

1.50
[1.16,1.95]

Total
% [95%Cl]

64.55
[63.73,65.36]

35.45
[34.64,36.27]

55.13
[54.28,55.97]

44.87
[44.03,45.72]

76.07
[75.35,76.77]

23.93
[23.23,24.65]

2.87
[2.62,3.18]

85.15
[84.53,85.74]

11.98
[11.44,12.54]

21.14
[20.47,21.83]

31.50
[30.72,32.29]

17.11
[16.47,17.77]

30.25
[29.46,31.04]
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Table 2
PAF of CVD to Insufficient non-occupational activity by sex and age group in population aged 40 years

and older.
PAF % (95% ClI)
CvD Female Male Total population
40-59 years 23.7 (16.1,30.9) 16.1 (14.6,17.6) 18.3 (14.3,22.3)
> 60 years 26.0(17.9, 33.5) 16.8 (15.7,18.0) 19.7 (15.5,23.8)
Overall 25.2 (17.3, 32.6) 16.6 (15.6,17.5) 19.2 (15.1,23.2)
CHD
40-59 years 21.3(9.5,32.1) 7.0 (1.1,12.8) 15.0 (10.5,19.5)
> 60 years 24.0 (10.9, 35.4) 7.3(1.2,13.4) 16.4 (11.6,21.2)
Overall 23.1(10.5,34.3) 7.2(1.113.1) 15.9 (11.2,20.5)
Stroke
40-59 years 20.2 (9.9, 29.8) 10.1 (5.7,14.9) 16.8 (11.3,22.4)
> 60 years 20.6 (10.2,30.2) 10.7 (6.1,15.4) 17.2 (11.5,22.7)
Overall 20.6 (10.2,30.1) 10.5 (6.0,15.1) 17.1 (11.5,22.5)
Cardiovascular diseases (CVD), Coronary heart disease (CHD), Population-attributable fraction(PAF)
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Figure 1

Weighted Prevalence (%) of cardiovascular disease (CVD) (A), Stroke (B) and coronary heart disease
(CHD)(C), in the different subgroups of non-occupational physical activity among Iranian adults aged =40

years, Iran STEPS 2021.
Values represent cross-sectional prevalence estimates and do not imply causal associations.
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Figure 2

Weighted prevalence (%) of insufficient physical activity among participants with and without CVD (A),
CHD (B), and stroke (C), stratified by sex, Iran STEPS 2021.
Physical activity levels reflect current behavior and may be influenced by post-diagnosis changes.
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