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Abstract

Background

Cardiovascular Disease (CVD) is the leading cause of death in developing countries. CVD

risk stratification guides the health policy to make evidence-based decisions.

Aim

To provide current picture and future trend of CVD risk in the adult Iranian population.

Methods

Nationally representative datasets of 2005, 2006, 2007, 2008, 2009, 2011, and 2016 STEP-

wise approach to non-communicable diseases risk factor surveillance (STEPS) studies

were used to generate the 10-year and 30-year risks of CVD based on Framingham, Globor-

isk, and World Health Organization (WHO) risk estimation models. Trend of CVD risk was

calculated from 2000 until 2016 and projected to 2030.

Results

In 2016, based on Framingham model, 14.0% of the Iranian, aged 30 to 74, were at great

risk (�20%) of CVD in the next 10 years (8.0% among females, 20.7% among males).
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Among those aged 25 to 59, 12.7% had�45% risk of CVD in the coming 30 years (9.2%

among females, 16.6 among males). In 2016, CVD risk was higher among urban area

inhabitants. Age-standardized Framingham 10-year CVD risk will increase 32.2% and 19%,

from 2000 to 2030, in females and males, respectively. Eastern provinces had the lowest

and northern provinces had the greatest risk.

Conclusions

This study projected that CVD risk has increased from 2000 to 2016 in Iran. Without further

risk factor modification, this trend will continue until 2030. We have identified populations at

higher risks of CVD to guide future intervention.

Introduction

Cardiovascular Disease (CVD) is the leading cause of death in Iran [1]; accounting for almost

half of the premature deaths attributed to non-communicable diseases (NCD) [2]. Addition-

ally, the age-standardized incidence rate, age-standardized death rate, and disability-adjusted

life years (DALYs) rate of CVD in Iran are higher than the respective global figures [3]. On the

other hand, Iran currently has a quite young age structure, with only 6.6% of the total popula-

tion over 65 years of age in 2020; however, the proportion of the population aged 65 and older

will increase to more than 20% in 2050 [4]. Moreover, Iran’s population is moving toward a

more sedentary lifestyle, leading to a higher obesity rate and less physical activity in the

upcoming years [5]. Considering both population aging and lifestyle changes, the growth in

CVD incidence is inevitable in the coming years.

Many guidelines recommend that cardiovascular risk factors should be treated according

to the baseline incidence risk of CVD, irrespective of the severity of each risk factor [6–8].

Furthermore, high-risk populations are not usually distributed equally, and healthcare

resources are limited in Iran, as well as most other countries. It is also shown that the pre-

dictive reliability of CVD risk factors such as LDL-C depends on studied characteristics and

its association with CVD incidents can be weak among middle-aged adults [9]. One of the

most effective strategies for preventing CVD is to target people at higher risk of CVD

events. Hence, effective and efficient resource allocation by health policymakers necessitates

delineating the distribution of high-risk populations for CVD events based on geographical

location and socio-demographic status. Simplification of CVD risk models without jeopar-

dizing their efficacy in prediction of CVD help providing CVD risk estimates in low

resource populations.

Investigating the trend of the risk of incident CVD will provide valuable information about

the current drawbacks and present a platform for evaluating the policies in action. Several

studies provided distribution of CVD estimates and cardiovascular risk factors individually in

Iran [3,10–12]. Nevertheless, the distribution of CVD risk and its trend were not studied sys-

tematically at national and subnational levels previously.

In this study, we aimed to describe the estimates of CVD risk at national and subnational

levels in Iran from 2005 to 2016 and present a projection from 2000 to 2030. We employed the

results of the previous STEPwise approach toward NCD risk factor surveillance (STEPS) sur-

veys in Iran to estimate the CVD risk using Framingham, Globorisk, and World Health Orga-

nization (WHO) risk scores.
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com) to access the datasets of the STEPS studies.
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Materials and methods

Data sources

To estimate the CVD risk among the Iranian population, we pooled individual-level data from

seven STEPS studies conducted in 2005, 2006, 2007, 2008, 2009, 2011, and 2016. This study fol-

lows the GATHER statement guideline to generate the trend of CVD risk in Iran based on the

nationally representative population-based STEPS studies (S1 Table). Iran started the NCD

risk factor surveillance project in 2005. Since then, seven large-scale cross-sectional multicen-

ter surveys have been conducted using the recommended WHO STEPS tool [13,14]. As WHO

suggested, countries can modify risk factors and other variables of the study to reach their

local and regional interests [15]. The STEPS studies consist of three different levels of risk fac-

tor assessment, including collecting information by questionnaire (step 1), physical measure-

ments (step 2), and biochemical measurements (step 3). Four out of seven STEPS studies

conducted in Iran performed all three steps (2005, 2007, 2011, and 2016). While the rest of the

three studies, conducted in 2006, 2008, and 2009, only covered the first and second steps of the

risk assessment.

Each STEPS study was done with a close relationship between the central team appointed

by the Iranian Ministry of Health and Medical Education and its affiliated medical universities.

Unfortunately, in 2016 one province (Qom) refused to participate in the survey. Medical uni-

versity officers selected members of the interview teams and district supervisors by setting spe-

cific criteria, including strong communication skills and familiarity with geographical area

and their culture. Comprehensive training workshops were held at national and subnational

levels before each study to train medical universities’ officers, supervisors, interviewers, data

collectors and other study partners.

Although there are some variations between these seven studies, such as sampling sizes, tar-

get age group included in each study, demographic questions used for step 1, and biochemical

variables that were assessed, the main features of them are similar and overall consistency is

the main strength of STEPS studies. In all of the seven STEPS studies run in Iran, a multistage

cluster random sampling, with a probability proportional to the size, was used to obtain a

nationally representative sample of the population. Iranian national zip code databank was

used as a frame for the selection of the sampling units.

WHO suggested surveillance studies should recruit at least people between 25 and 64 years

old, while each country may also include other desirable age groups. Additional youth age

group of 15–24 years was included in 2005, 2006, 2007, 2008, 2009 and 2011 STEPS studies

while additional age groups of 18-24 and over 65 years were also included in 2016 STEPS

study. Blood samples were exclusively taken in those who were>=25 years.

In the first step, participants were asked about their socio-demographic characteristics,

behavioral risk factors, medical histories, and history of known risk factors for NCD. The ques-

tionnaires were mainly adopted from the one that WHO provided for STEPS studies [15]. The

WHO’s questionnaire was translated into Farsi and then translated back into English by inde-

pendent translators and then its validity and reliability were assessed. Some questions were

added or altered to address local features and interests. As we previously mentioned, there are

some differences in questions and coding process between seven rounds of STEPS studies.

Hence, to merge their data, we adopted the same coding system.

In the second step of all seven studies, all selected participants were invited for physical

measurements. All measurements were conducted based on WHO protocols [15]. All instru-

ments and tools were prepared by central committees from the same brands and were stan-

dardized and calibrated before the examination. Height was evaluated using a standard height

ruler and weight was measured in an upright position by a calibrated scale, while participants
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had light clothing and had taken their shoes off. Blood pressure was measured in a sitting posi-

tion after 5 minutes of rest. This assessment was repeated one more time in 2005 and 2006 and

two more times in 2007, 2008, 2009, 2011, 2016, each after 5 minutes of rest. In the first two

STEPS studies, the average of first and second measurement and in the remaining five studies,

an average of second and third assessments were used for interpretation. Quality control of

measurements was monitored through periodic assessments conducted by supervisors in each

province.

In the third step of STEPS studies conducted in 2005, 2007, 2011, and 2016, all participants,

who were>=25 years, were invited for biological sample collection. Samples of venous blood

were collected following 12 hours of overnight fasting. All samples were analyzed by reference

laboratories with the same method and testing kits. In all four studies, a comprehensive proto-

col was prepared to ensure the continuance of optimal conditions during sample transfer. Fast-

ing plasma glucose (FPG) and total cholesterol levels were measured in all four mentioned

studies. However, high-density lipoprotein cholesterol (HDL) level was only assessed in 2007,

2011, and 2016 (not measured in 2005).

CVD risk scoring models

In the current study, we assessed both 10-year and 30-year CVD event risk among the Iranian

population. To calculate 10-year CVD risk, we used risk prediction models developed by the

Framingham study [16], Globorisk study [17,18], and WHO [19]. Globorisk model was devel-

oped by researchers from 11 countries, including the current research team, to recalibrate

CVD risk scores in different settings. 30-year CVD event risk was calculated based on the Fra-

mingham model designed for 30-year risk estimation [20]. All of these models have two sub-

types, one based on non-laboratory-predictors (office-based) and the other requiring

laboratory parameter results (laboratory-based). Additionally, all of them predict both fatal

and nonfatal CVD event risk. However, they have some general differences. Each of these

models defines CVD distinctively and incorporates different risk factors for risk prediction. S2

Table summarizes fatal and nonfatal events predicted by each model, the target age groups,

and predictors required for risk estimation in each one.

Framingham 10-year risk scores, both non-lab-based and lab-based models, have been pre-

viously validated among the Iranian population [21,22]. However, the Framingham 30-year

CVD risk scoring model has not been validated among Iranian. The Globorisk study has devel-

oped 10-year risk scores for 182 countries, including Iran. Recently, WHO revised its 10-year

CVD risk score based on 21 Global Burden of Disease (GBD) regions [19]. It is worth men-

tioning, both Globorisk and WHO risk scoring models used the Tehran Lipids and Glucose

Study (TLGS) [21], a cohort study conducted in Iran, for external validation of their models.

Variables

To run this study, we gathered required data from previous STEPS studies, including study

year, age, sex, geographical location information, smoking status, previous diabetes mellitus

(DM) diagnosis, taking anti-hyperglycemic medication (both insulin and oral agents), hyper-

tension treatment, height, weight, mean systolic blood pressure, Fasting plasma glucose (FPG),

total cholesterol, High Density Lipoprotein (HDL) cholesterol. Definition of DM was estab-

lished based on individual self-reports (previous diagnosis of DM by a physician or being

under anti-hyperglycemic treatments) or FPG levels of>=126 mg/dl. Body mass index (BMI)

was calculated by dividing weight in kilograms by the square of height in meters. As this study

was population-based, we did not select participants based on having a previous disease and

did not exclude those with prior history of CVD.
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Data preparation

Before beginning statistical analysis, we had to resolve some shortcomings in our dataset.

At subnational level in Iran, the province is the first administrative level and the district is

the second. During past decades, the number of provinces in Iran has been changed multiple

times, as adjacent districts became independent from one province and founded a new prov-

ince, or rearranged and merged with an existing province. The administrative changes in prov-

inces produced spatially-misaligned data. Hence, we set the latest administrative division, 31

provinces since 2010, as the reference point and rearranged the STEPS dataset before then by

restructuring provinces using district data.

Secondly, human error in data entering was inevitable despite all efforts, which caused us to

see some implausible data within our pooled dataset. Hence, we had to identify outliers by set-

ting plausible ranges for some variables, including age, FPG, total cholesterol, HDL, and sys-

tolic blood pressure. We defined ranges by using the Third National Health and Nutrition

Examination Survey (NHANES III) plausible values [23,24]. We converted the implausible val-

ues to missing values at this step.

Lastly, we had to deal with missing values. We aimed to impute data that were missing at

random. We used a multiple imputation approach using the Amelia II package in R software

[25] for missing values of age, sex, smoking status, hypertension treatment, awareness of

DM, systolic blood pressure, anthropometric measurements, FPG, total cholesterol, and HDL.

We limited imputation for those who were>=25 years. We did not impute HDL levels for

2005 and all laboratory parameters for 2006, 2008, and 2009, as they were not missing at

random.

Statistical analysis

Framingham’s 10-year CVD event risk was calculated for individuals aged 30 to 74, which

helped us have a more robust model for trend analysis. However, we only represented our

results for the population aged 40 to 74 years, as WHO and Globorisk models are only applica-

ble to those aged>=40. Additionally, we calculated Framingham’s 30-year CVD risk for indi-

viduals aged 25 to 59 years.

Due to the shortcoming of the revised WHO model, which may not be applicable for com-

parison with historically collected data, we utilized the WHO incident CVD risk score only for

data from STEPS 2016 and did not include it in the trend analysis. Office-based risk estimation

was done for participants of all seven rounds of STEPS. Yet, laboratory-based CVD risk calcu-

lation was limited to participants from 2007, 2011, and 2016 for the Framingham models (no

HDL measurement in 2005) and individuals from 2005, 2007, 2011, and 2016 for the Globor-

isk model.

For STEPS 2016, we calculated the mean 10- and 30-year Framingham risk at national and

sub-national levels by sex, area level (rural/urban), and age. We also estimated each risk cate-

gory’s prevalence in 2016.

We fitted a Random Intercept Mixed Effects model [26] as the primary model in the second

step. We used average years of schooling, wealth index, and urbanization rate as the indepen-

dent variables in all six models. Different Random Intercept Mixed Effects, Random Slope

Mixed Effects, and Multilevel Mixed Effects were added and tested to achieve the best model

in terms of performance. To reach this goal, we applied the Akaike information criterion

(AIC) [27] and Bayesian information criterion (BIC) [28] as the main criteria to compare

models. The AIC and BIC values are reported in S3 Table. In all six models, the following

structure with three random intercepts for provinces, age groups, and years had the lowest
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AIC and BIC and was selected as the best one:

yijkl ¼ b0 þ b1sexl þ b2yosijkl þ b3wiijkl þ b4urbijkl þ PROVINCEi þ AGEj þ YEARk þ εijkl

i ¼ f0; 1; . . . ; 30g; j ¼ f1; 2; . . . ; 7g; k ¼ f2005; 2006; 2007; 2008; 2009; 2011; 2016g; l
¼ 0; 1

In this equation, yijkl is the risk of CVD in province i, age group j, year k, sex l; yosijkl is the

average years of schooling in province i, age group j, year k, sex l, wiijkl is wealth index in prov-

ince i, age group j, year k, and sex l, urbijkl is the urbanization in province i, age group j, year k,

sex l, PROVINCEi, AGEj, and YEARk are the random intercept terms defined for province i,

age group j, and year k, respectively. Lastly, εijkl is the model’s residual in the province i age

group j year k and gender l, indicating the information that model could not justify.

In the next step, we used an Age-spatio-temporal (AST) model with the chosen structure

[29]. We found explicit dependencies across space, time, and age groups that are not negligible

at this stage. Thus, we considered the necessary weighting structures in our residual terms. For

this purpose, we calculated the difference between predicted and observed CVD outcomes as

residual. Then we ran local regression in three matrices of age, sex, and geographic area to cal-

culate the corresponding weight for each data point. Details of the weighting components can

be found at (https://rdrr.io/cran/AST/man/AST.html).

We implemented the aforementioned model six times for every response variable (10-year

Framingham, 30-year Framingham, Globorisk, and WHO in the laboratory- and office-based

forms). For age-standardization, we used Iran’s population structure based on the 2016 census.

We calculated the Average Annual Percent Change (AAPC) in estimated age-standardized risk

between 2000 and 2030 for each CVD risk scoring model and sex [30,31]. The data cleaning

process was conducted in Stata (Stata Statistical Software: Release 14. College Station, TX: Stata-

Corp LP). Also, the statistical analyses regarding the mixed effects and AST models are respec-

tively carried out using "lme4" and "AST" packages in R Statistical Software (version 4.2.1).

Ethical considerations

In the current study, we used previously gathered data from seven rounds of STEPS studies.

All STEPS studies had ethical approval. Written informed consent forms were obtained from

all of the participants. The final dataset was de-identified for analysis. Researchers only had

access to the de-identified dataset for analysis. Additionally, this study received approval from

the ethical committee of the National Institute for Medical Research Development (NIMAD)

(ID: IR.NIMAD.REC.1398.307).

Results

Baseline characteristics

The baseline characteristics of the included participants of all STEPS surveys, aged 25 to 74

years, are presented in Table 1. Overall, the mean ages of the participants of all surveys were

around 45 years, with a fairly balanced sex distribution, except for the 2011 survey, which con-

sisted of 59.7% females. Although the prevalence of current smoking decreased from 19.7% in

2005 to 10.8% in 2016, the prevalence of DM and hypertension treatment increased from 8.7%

to 12.3% and from 9.3% to 13%, respectively, in this period (Table 1). The share of the urban

population in the included surveys ranged from 54.3% in 2009 to 71.0% in 2016.

We calculated the CVD risk for all eligible age groups using four previously described

office-based models; nevertheless, the laboratory-based risk score could not be calculated in
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2006, 2008, and 2009 for none of the laboratory-based models and 2005 for only two labora-

tory-based Framingham scorings. The number of valid CVD risks calculated by the employed

risk scoring models in each STEPS survey can be found in the S4 Table.

Insights from the 2016 STEPS survey

The 2016 STEPS survey is the most recent national survey on NCD risk factors. In 2016, the

age-standardized 10-year CVD event risk was 6.0% and 7.1% among females based on labora-

tory- and office-based Framingham models, respectively. Framingham laboratory- and office-

based age-standardized 10-year risk among males was 10.6% and 12.1%, respectively. This sur-

vey revealed that among the Iranian population aged 30 to 74 years, 14.0% and 18.0% (8.0%

and 11.8% among females; 20.7% and 24.9% among males) are at great risk (�20%) of devel-

oping CVD in the next 10 years according to the laboratory- and office-based Framingham

model, respectively (S5 Table).

In 2016, the age-standardized 30-year risk of incident CVD for females was 16.7% and

17.7%, and for males was 23.5% and 25.7%, based on the laboratory- and office-based models,

respectively. Based on laboratory- and office-based Framingham risk scores, 12.7% and 14.9%

of individuals aged 25 to 59 years had an estimated risk of�45% to develop CVD in the

coming 30 years, respectively (9.2% and 11% among females; 16.6% and 19.3% among males)

(S5 Table).

Framingham models showed that urban inhabitants are at increased risk of incident CVD

compared to rural inhabitants (Fig 1). This rural/urban disparity was more noticeable in the

30-year rather than 10-year Framingham models (Fig 1). See S1 Fig for more detailed findings

of CVD event risk in urban and rural areas at subnational level in 2016. Men and older age

groups were at greater risk for future CVD based on both 10-year and 30-year Framingham

models (Fig 2).

Trends of CVD risk in Iran

Both Framingham and Globorisk models indicated an increasing trend nationally in age-stan-

dardized 10-year risk of incident CVD between 2000 and 2030. We depicted projected age-

Table 1. Baseline characteristics of the participants of STEPS surveys.

Variable STEPS survey

2005

(n=66,560)

2006

(n=24,299)

2007

(n=24,366)

2008

(n=24,300)

2009

(n=23,691)

2011

(n=8,532)

2016

(n=26,179)

Demographic characteristics

Age (year) 44.1±11.5 44.6±11.6 44.5±11.6 44.5±11.6 43.9±11.3 46.2±13.8 44.7±13.1

Sex (female) 32,943 (49.4%) 12,126 (49.9%) 12,165 (49.9%) 12,185 (50.1%) 11,828 (49.9%) 5,096 (59.7%) 13,742 (52.4%)

BMI (kg/m2) 26.2±4.8 26.2±4.8 26.3±5.0 26.2±4.9 26.2±4.9 26.8±5.1 26.9±4.8

Smoking status (current) 13,166 (19.7%) 4,887 (20.1%) 4,700 (19.2%) 3,822 (15.7%) 3,632 (15.3%) 963 (11.2%) 2,835 (10.8%)

DM 5,848 (8.7%) 1,532 (6.3%) 2,408 (9.8%) 1,716 (7.0%) 1,611 (6.8%) 1,204 (14.1%) 3,231 (12.3%)

Hypertension treatment 6,191 (9.3%) 2,192 (9.0%) 2,409 (9.8%) 2,518 (10.3%) 2,427 (10.2%) 1,236 (14.4%) 3,413 (13.0%)

SBP (mmHg) 124.7±18.1 121.6±17.5 126.7±18.8 125.5±18.2 125.2±17.6 126.9±18.8 125.5±18.1

Urban area 43,069 (64.7%) 15,074 (62.0%) 14,392 (59.0%) 15,047 (61.9%) 12,867 (54.3%) 5,983 (70.1%) 18,594 (71.0%)

Total cholesterol (mg/dL) 201.5±40.4 - 191.1±43.2 - - 183.7±37.6 163.4±32.7

HDL-C (mg/dL) - - 43.1±11.1 - - 44.1±9.8 41.0±9.9

Continuous variables are shown in means ± standard deviations and categorical variables are presented in number (percentage).

DM: Diabetes Mellitus; HDL-C: High Density Lipoprotein cholesterol; SBP: Systolic Blood Pressure.

https://doi.org/10.1371/journal.pone.0290006.t001
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standardized CVD risk scores in 2000, 2005, 2010, 2015, 2020, 2025, and 2030 in Table 2 and

the rest of the projected risk scores in S6 Table.

The laboratory-based 30-year Framingham risk score revealed that the age-standardized

females’ CVD risk will grow from 18.0% (95% CI: 7.3%-32.1%) in 2000 to 20.3% (7.9%-34.4%)

in 2030, indicating a 12.8% increase. This model showed that the age-standardized 30-year

males’ CVD risk will increase by 15.1% and grow from 22.5% (10.3%-36.7%) in 2000 to 25.9%

(12.3%-40.1%) in 2030. The office-based 30-year Framingham model projected that the age-

standardized CVD risk will reach 25.3% (10.5%-40.1%) for females and 30.7% (16.0%-45.5%)

for males in 2030 (Table 2 and Fig 3).

Laboratory- versus office-based risk scores

Considering age-standardized CVD risks in females, laboratory-based 10-year models pre-

dicted a 0.25% annual increase (Globorisk) to a 0.9% annual increase (Framingham) from

2000 to 2030. Annually, the respective figures for office-based 10-year models were a 0.4%

increase (Globorisk) and a 1% increase (Framingham). The predicted AAPC of the age-stan-

dardized 10-year CVD risk from 2000 to 2030 ranged from 0.3% (Globorisk) to 0.6% (Fra-

mingham) for males with laboratory-based models; nevertheless, the respective figures for

office-based models were 0.5% (Framingham) and 0.6% (Globorisk) in males. The predicted

age-standardized 10-year CVD risk was consistently higher based on office-based models com-

pared to laboratory-based models between 2000 and 2030 (Table 2 and Fig 3).

Although the projected AAPCs from 2000 to 2030 were not remarkably different between

laboratory- and office-based in 10-year models, this difference was eye-catching in the 30-year

Framingham model. The laboratory-based model anticipated a 0.25% annual increase in age-

standardized CVD risk among females between 2000 to 2030, while the office-based model

Fig 1. Distribution of 10- and 30-year cardiovascular disease risk based on laboratory- and office-based Framingham models among urban and rural

inhabitants in 2016. 10- and 30-year cardiovascular disease risk was calculated for individuals aged 30 to 74 and 25 to 59 years, respectively.

https://doi.org/10.1371/journal.pone.0290006.g001
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predicted a 2% annual growth. The respective annual figures for males were 0.4% and 1%

(Table 2 and Fig 3).

Demographic characteristics and CVD risk

Both 10- and 30-year Framingham models indicated a greater risk of incident CVD in older

age groups (Fig 4). Although all Framingham models demonstrated an increasing trend of the

CVD risk in all age groups until 2030, 10-year models showed a less pronounced growth in

people aged 30-39 years compared to other age categories. Notably, comparing 10- and

Fig 2. Distribution of 10- and 30- year cardiovascular disease risk based on laboratory- and office-based Framingham models

based, by age categories and sex in 2016. A) 10-year CVD risk based on Framingham models, B) 30-year CVD risk based on

Framingham models. 10- and 30-year cardiovascular disease risk was calculated for individuals aged 30 to 74 and 25 to 59 years,

respectively. CVD: Cardiovascular disease.

https://doi.org/10.1371/journal.pone.0290006.g002
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30-year Framingham models, the risk of developing CVD events among both females and

males ages 30 to 34 and 35 to 39 years is much higher in the next 30 years compared to the

next 10 years (Laboratory-based models: 1.9% [95 CI: 0%-11.7%] and 10.8% [0%-24.9%] for

10- and 30-year, respectively, in females aged 30 to 34 years; 5.6% [0%-15.2%] and 15% [0.5%-

29.2%] for 10- and 30-year, respectively, in males aged 30 to 34 years) (Fig 4).

Trends of CVD risk at the subnational level

S7 Table summarizes the lowest and highest projected age-standardized 10- and 30-year CVD

event risk in 2000 and 2030 at subnational level, based on Framingham models. According to

Framingham models (both laboratory- and office-based), age-standardized 10- and 30- year

CVD risk had an increasing trend between 2000 and 2016 and will maintain this upward trend

until 2030 (Figs 5 and 6). However, not in all provinces the age-standardized 10- and 30-year

incident CVD risk increased at the same pace. For instance, Lorestan, with a 0.2% increase in

age-standardized 10-year CVD risk among females, had the lowest percent change between

2000 and 2016, based on Framingham laboratory-based model. In the same setting, Semnan

had the highest percent change with a 20.3% increase. Interestingly, South Khorasan had the

Table 2. Projected age-standardized risks of CVD from 2000 to 2030 and Average Annual Percent Change (AAPC) in estimated age-standardized risk between

2000 and 2030, by each CVD risk scoring model and sex, at national level.

Year 2000 2005 2010 2015 2020 2025 2030 AAPC

Laboratory-based 10-year Framingham risk score

Female 5.9%

(2.1-15.1)

6.2%

(2.2-15.5)

6.4%

(2.2-15.9)

6.5%

(2.2-16.0)

7.0%

(2.3-16.6)

7.4%

(2.4-17.0)

7.8%

(2.5-17.4)

0.9%

Male 10.5%

(3.6-20.0)

10.8%

(3.8-20.3)

11.2%

(4.0-20.7)

11.3%

(4.0-20.8)

11.8%

(4.3-21.3)

12.2%

(4.5-21.7)

12.5%

(4.6-22.0)

0.6%

Office-based 10-year Framingham risk score

Female 6.1%

(2.2-15.5)

6.5%

(2.3-16.0)

6.8%

(2.4-16.4)

7.1%

(2.6-16.8)

7.5%

(2.7-17.3)

7.9%

(2.9-17.7)

8.2%

(3.1-18.0)

1%

Male 11.2%

(3.7-20.9)

11.6%

(4.0-21.4)

11.8%

(4.2-21.6)

12.2%

(4.5-21.9)

12.4%

(4.7-22.2)

12.8%

(5.0-22.5)

13.1%

(5.2-22.9)

0.5%

Laboratory-based 10-year Globorisk risk score

Female 10.9%

(3.5-22.3)

12.0%

(3.7-23.4)

11.3%

(3.5-22.8)

11.0%

(3.4-22.5)

11.8%

(3.6-23.2)

12.0%

(3.6-23.5)

12.3%

(3.6-23.7)

0.25%

Male 11.6%

(3.1-23.1)

12.8%

(3.3-24.2)

12.2%

(3.2-23.6)

11.9%

(3.1-23.4)

12.7%

(3.3-24.1)

13.0%

(3.4-24.4)

13.3%

(3.5-24.7)

0.3%

Office-based 10-year Globorisk risk score

Female 11.3%

(3.9-22.7)

12.3%

(4.2-23.8)

11.7%

(3.9-23.1)

11.7%

(3.8-23.2)

12.5%

(4.0-24.0)

12.8%

(4.1-24.3)

13.0%

(4.1-24.5)

0.4%

Male 11.6%

(3.3-23.0)

12.8%

(3.7-24.2)

12.3%

(3.5-23.7)

12.5%

(3.5-23.9)

13.4%

(3.9-24.9)

13.9%

(4.0-25.4)

14.4%

(4.3-25.9)

0.6%

Laboratory-based 30-year Framingham risk score

Female 18.0%

(7.3-32.1)

18.5%

(7.4-32.6)

18.8%

(7.4-32.9)

18.7%

(7.4-32.9)

19.5%

(7.7-33.7)

19.9%

(7.8-34.0)

20.3%

(7.9-34.4)

0.4%

Male 22.5%

(10.3-36.7)

23.3%

(10.7-37.4)

23.7%

(11.0-37.9)

23.8%

(11.0-38.0)

24.7%

(11.5-38.8)

25.3%

(11.8-39.4)

25.9%

(12.3-40.1)

0.4%

Office-based 30-year Framingham risk score

Female 14.3%

(5.0-29.0)

16.5%

(5.9-31.3)

17.9%

(6.5-32.7)

19.4%

(7.1-34.2)

21.6%

(8.2-36.4)

23.5%

(9.1-38.3)

25.3%

(10.5-40.1)

2%

Male 22.5%

(10.3-37.3)

24.4%

(11.5-39.2)

25.3%

(12.1-40.1)

26.3%

(12.6-41.1)

28.0%

(13.8-42.8)

29.4%

(14.9-44.2)

30.7%

(16.0-45.5)

1%

Data are presented as point estimate (95% confidence interval) for projected risks.

https://doi.org/10.1371/journal.pone.0290006.t002
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highest percent change in age-standardized laboratory-based 30-year CVD risk in both females

and males (10.4% and 13.1% increase among females and males, respectively), while this prov-

ince has the lowest projected risk in 2000 in respective groups (S7 Table). Trends of the CVD

risk according to Framingham models at the subnational level are presented in the S8 Table.

Discussion

According to the latest round of STEPS survey in Iran, in 2016, around 15% of the national

population, aged 30 to 74, were at�20% risk of developing CVD events in the next 10 years.

Approximately the same proportion of the population 25 to 59 years was at great (�45%) risk

of incident CVD in the coming 30 years. Based on our trend analysis, we found that the pro-

jected 10- and 30-year risk of incident CVD increased in Iran from 2000 to 2016, and it is

anticipated that without cardiovascular risk factor modification, this alarming increase will

continue, at least, until 2030, according to Framingham and Globorisk models. Our results

confirmed that not all specific sub-populations have the same distribution of the CVD risk. As

expected, men and older age groups are at a greater risk of incident CVD compared to their

counterparts. At the subnational level, eastern provinces had the lowest CVD risk, while

Fig 3. Age-standardized 10- and 30-year cardiovascular disease risk based on laboratory- and office-based

Framingham models from 2000 to 2030, by sex. 10- and 30-year cardiovascular disease risk was calculated for

individuals aged 30 to 74 and 25 to 59 years, respectively.

https://doi.org/10.1371/journal.pone.0290006.g003
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northern provinces had the greatest CVD risk from 2000 to 2030. The relative growth of CVD

risk in the study period was consistent across laboratory- and office-based models, except for

the 30-year Framingham model, in which the predicted increase in CVD risk was profoundly

higher in the office-based estimates compared to the laboratory-based.

There are two well-known approaches to prevent CVD, population-wide [32] and high-risk

individuals [33] interventions. Geoffrey Rose believes that a minimal alleviation of cardiovas-

cular risk factors at the population level has more robust preventive consequences than a

remarkable alleviation of these risk factors among the small number of high-risk individuals

[32]. In contrast, individual-based interventions involve people either with a single raised risk

factor or at high risk of future CVD for a rigorous risk factor modification. There are long-

standing debates on which one of these two strategies should be adopted by health-system pol-

icymakers. Critics of approaching high-risk individuals insist that this method will widen

inequalities [34], while Lu et al. showed that risk-based intervention, which targeted individu-

als with a high incident CVD risk score and addressed multiple risk factors at the same time,

could considerably reduce CVD rates and racial inequalities in CVD death rates [35]. Addi-

tionally, a solely population-based approach requires a robust infrastructure, orchestrated

inter-sectoral collaboration, and secure financial support, which are challenging for developing

countries like Iran. Hence, in this study, we identified populations at higher risk of future

CVD, which can be targeted for rigorous risk factor modification. Furthermore, based on the

current study results, most of the population-wide interventions can be established within

identified high-risk populations by allocating a greater proportion of our limited resources to

those communities [36]. Therefore, understanding the proportion and distribution of high-

risk individuals and the trend of national CVD risk may have prime policymaking implica-

tions for countries like Iran.

Fig 4. Age-standardized 10- and 30-year cardiovascular disease risk based on laboratory- and office-based Framingham models from 2000 to 2030, by

age categories and sex. 10- and 30-year cardiovascular disease risk was calculated for individuals aged 30 to 74 and 25 to 59 years, respectively.

https://doi.org/10.1371/journal.pone.0290006.g004
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Nationally, the latest STEPS survey in 2016 revealed that nearly 15% of the population, 30

to 74 years and 25 to 59 years, are at great risk of incident CVD events in the next 10 and 30

years, respectively. Thanks to the widespread primary healthcare network in Iran [37], target-

ing 15% of the adult population who are at the highest risk of future CVD for intense risk fac-

tor modification will be a reasonable goal for the Iranian healthcare system. The subnational

data provided in this study will aid policymakers in more effective and proportional resource

allocation at the subnational level.

In line with previous studies, a greater proportion of populations in urban areas are at risk

of developing CVD [38–40]. A popular explanation of the increased risk of CVD among urban

inhabitants is that urbanization has an association with lower physical activity and obesity

[41]. However, this pattern should be monitored carefully, as sedentary lifestyles and changes

in dietary habits are becoming increasingly more common in rural areas as well.

Our results indicate that at any given point between 2000 and 2030, the risk of CVD event,

both in 10 years and 30 years, is higher in males than females, which is consistent with other

studies [38,42]. Although 10- and 30-year incident CVD risk in both females and males had an

upward trend from 2000 to 2030, the growth is more prominent among females based on both

10-year Framingham models and office-based 30-year Framingham model. This trend sug-

gests that cardiovascular risk factor control and modification have been relatively neglected in

women compared to men during the past years and underlines the need to raise awareness

about CVD in women and close the gap in preventive measures [43].

Our findings contribute to a clearer understanding of the value of office-based risk scoring

models. In most individuals with both laboratory- and office-based 10-year risk scores

Fig 5. Age-standardized 10-year cardiovascular disease risk based on laboratory- and office-based Framingham models in 2000, 2016, and 2030, by

province and sex. 10-year cardiovascular disease risk was calculated for individuals aged 30 to 74. (Contains information from OpenStreetMap and

OpenStreetMap Foundation, which is made available under the Open Database License, https://www.openstreetmap.org/copyright).

https://doi.org/10.1371/journal.pone.0290006.g005
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calculated, the office-based value was greater than laboratory-based, and in the remaining indi-

vidual, the laboratory-based value was slightly greater than office-based. This result highlights

that evaluating CVD risk in the primary care setting and the first visit, regardless of the avail-

ability of serum lipid levels, has great value in finding individuals with a high chance of CVD

events. Hence, utilizing office-based models, CVD risk evaluation should be implemented in

the baseline evaluation of individuals without fear of missing high-risk populations and post-

poning risk calculation to after measuring laboratory values.

Multi-sectoral collaboration is needed for the establishment of the above-mentioned indi-

vidual-level intervention. Since 2016, a ten-year CVD risk estimation tool (adopted from the

previous version of the WHO risk assessment chart) has been embedded in some primary care

settings through Iran’s Package of Essential Noncommunicable Diseases (IraPEN) program.

However, a new study showed that adherence to regular follow-up in this program was low,

reflecting the need to improve the program drastically [44]. Studies showed that early-career

physicians with less than five years of experience are less likely to use CVD risk stratification

calculators compared to more experienced physicians [45]. Thus, education of primary health-

care providers, especially younger ones, is crucial to the success of this health plan.

One of the main population scale interventions in Iran was the 2014 health transformation

plan. After 2014 reform, the Iran’s healthcare expenditure on CVDs increased while out of

pocket costs decreased [46]. However, the steady increase in CVD risk in Iran mandates fur-

ther policies to address this issue. Public health policies to improve physical activity, followed

by the interventions addressing salt intake, and tobacco cessation package has been shown as

most cost-effective interventions to decrease CVDs in Iran [47].

Fig 6. Age-standardized 30-year cardiovascular disease risk based on laboratory- and office-based Framingham models in 2000, 2016, and 2030, by

province and sex. 30-year cardiovascular disease risk was calculated for individuals aged 25 to 59. (Contains information from OpenStreetMap and

OpenStreetMap Foundation, which is made available under the Open Database License, https://www.openstreetmap.org/copyright).

https://doi.org/10.1371/journal.pone.0290006.g006
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Further, the current study provides new insights into the importance of 30-year incident

CVD risk evaluation in Iran, especially in women and younger individuals [20,48]. Our find-

ings support that, while the 10-year risk of CVD event in these specific individuals may be triv-

ial, calculating 30-year can demonstrate a considerable chance of developing CVD in the same

person. Hence, lifelong CVD risk prediction should be adopted in our primary care settings

and preventive measures should be started as soon as possible.

As we showed in our subnational analysis, although some provinces, like South Khorasan,

had a lower estimated age-standardized 30-year CVD risk in 2000, with the current speed, they

will have the highest increase in 2030 among all provinces. It is of high importance for the

health system to find the underlying cause of this finding, whether it is due to a relatively

higher pace of urbanization there, a higher rate of inequality in healthcare access, lack of plans

for cardiovascular risk factor modification, or other possible reason, it should be addressed

promptly. Additionally, this result found clear support for the crucial role of trend studies in

policymaking, as there was a great possibility that this phenomenon to be missed in a single

cross-sectional study.

In this study, we employed a modeling strategy to help Iranian health policymakers to

make informed decisions about intense cardiovascular risk factor modification in high-risk

individuals. Although our findings may have national rather than international implications,

we believe that this study may be a framework to combat CVD and other NCDs in developing

countries. Similarly, in another population-level study of CVD risk, Geldsetzer and colleagues

delineated the distribution of Indian individuals with the highest CVD risk and cardiovascular

risk factors [38]. Similar efforts in other developing countries should be encouraged to address

the CVD pandemic. Additionally, regular and consecutive implementation of national surveys

like STEPS surveys will provide data on the effectiveness of the previous policies.

Limitations

In this study, we investigated the trends of the CVD risk in Iran from 2000 to 2030 for the first

time that can be adopted in future studies; however, it has several limitations. First, different

implementation settings of STEPS surveys in Iran, their non-consecutive implementation, and

other inevitable constraints, e.g., refusal of some provinces to participate in the survey, resulted in

some drawbacks at the individual level data; nonetheless, we addressed these limitations by

employing age-spatio-temporal models and imputation strategies. Second, wide confidence inter-

vals of the estimates resulted in no statistically significant comparison. For the revised WHO

CVD risk scoring model, we limited our analysis to only 2016 due to the limitations of this model.

Iran underwent two major healthcare reforms in 2004 (the Universal Rural Health Insur-

ance) and 2014 (the Health Transformation Plan). The 2004 reform was focused on improving

children’s health, while the 2014 reform aimed to control noncommunicable diseases, includ-

ing cardiovascular diseases, by integrating multifactorial approaches to alleviate the atheroscle-

rosis risk factors. The impact of these health policies on CVDs is hard to be separated from the

impact of sanctions implemented in 2011 and intensified in 2017. This could impose limita-

tions in translating our predictions to health policy making. Theses political changes may have

long term impact on CVD incidence that can be measured using difference-in-differences

approaches.

Conclusion

To the best of our knowledge, this is the first population-level study investigating the trend of

the CVD risk in Iranian adults based on the available CVD risk stratification strategies and

projected this risk up to 2030. We found that the CVD risk increased from 2000 to 2016 and
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will continue to rise, at least until 2030, if no effective measure is taken. These findings inform

health policymakers about the national CVD risk trend and the proportion and subnational

distribution of people at the highest risk of developing future CVD. For the sake of CVD pre-

vention in developing countries like Iran, individual-based interventions are more feasible and

affordable compared to population-based measures. Therefore, these data contribute to an

informed resource allocation by policymakers for intense risk factor modification in high-risk

individuals to avert the increasing trend of CVD risk in Iran. According to the comparable

performance of laboratory- and office-based models, CVD risk stratification of individuals

should not be delayed due to the lack of serum lipid levels.
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