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↑What is “already known” in this topic: 

Estimating the costs associated with disease prevention 
programs is more important in developing countries. 
Establishing a cost-effective program to control cardiovascular 
diseases is essential for any country.   
 

→What this article adds: 

This study showed that PEN risk reduction programs for 

primary prevention such as Ira-PEN are highly cost-effective 

and efficient in low- and middle-income countries. Early 

detection and management of individuals with 

noncommunicable diseases or at high risk of NCDs can reduce 

the complications of NCDs, thereby improving survival and 

quality of life.  

 

 
 

 
The Burden of Cardiovascular Disease Attributable to Modifiable Risk 
Factors and Cost-effectiveness Analysis of IraPEN Program in the General 
Population of Iran  
 
Mehdi Mokhtari1, Davood Khalil2, Farshad Farzadfar3, Rajabali Daroudi4, Mohsen Asadi-Lari5* 

 

Received: 18 Jan 2022                    Published: 4 Jul 2022 

 

Abstract 
    Background: Cardiovascular diseases (CVDs) contribute to over 30% of deaths worldwide and more than 40% in Iran in 2019. 
Establishing a cost-effective program to control cardiovascular diseases is essential for any country. This study aimed to estimate the 
cost-effectiveness of the primary prevention program (IraPEN) for cardiovascular diseases in Iran. 
   Methods: This methodological cost-effectiveness study was performed to estimate the cost-effectiveness of the IraPEN program by 
modifying cardiovascular disease risk factors in the IraPEN program. We calculated the economic burden of CVDs risk factors from 
2016 to 2018 in 4 pilot cities in Iran. We observed 160,833 individuals for 2 years to measure the economic burden of cardiovascular 
diseases. To estimate the variation of the 1-year risk of cardiovascular illnesses, and according to the study's goal of estimating the 1-
year risk of cardiovascular disease, only 36,631 people remained in the study who compiled the program's instruction for 1 year. 
Propensity scores were used to consider the effect of those excluded from the study. The 10-year risk of CVDs was estimated by the 
laboratory tests and information registered in the population’s electronic records. To evaluate the effect of the IraPEN program in 
reducing the risk factors for cardiovascular diseases, major CVD risk factors were studied by the World Health Organization formula 
(whocvdrisk) and cardiovascular diseases risk scoring. We used the 10-year risk for CVDs to conduct a cost-effectiveness analysis in 
terms of cost per disability-adjusted life-year  (DALY) saved. 
   Results: According to estimates of the 1-year relative risk reduction in cardiovascular disease, the results showed that relative risk 
reductions for men and women were 0.74 and 0.65, respectively. Hence, about 174,088 annual acute CVDs events reduction would be 
expected; this decrease is predicted for men (93,034) more than women (81,054) for the total population of Iran. The total cost of 
treatment for people with cardiovascular diseases was 165 USD for coronary heart disease or stroke per individual. All risk factors 
were further reduced in women than men, except for smoking. DALYs averted was 1057.66 for samples who were in the study for a 
year (36631 samples). The total cost per averted DALY was 47.16. 
   Conclusion: Estimating the costs associated with disease prevention programs is more important in developing countries. The most 
cost-effective strategies have been preventive therapies that target high-risk individuals. PEN risk reduction programs for primary 
prevention such as Ira-pen are highly cost-effective and efficient in low- and middle-income countries.  
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Introduction 

Cardiovascular diseases (CVD) cause approximately 
one-third of deaths worldwide and 46% in Iran (1-2). 
Most cardiovascular diseases can be prevented by obtain-
ing behavioral risk factors such as tobacco use, unhealthy 
diet and obesity, physical inactivity, and harmful use of 
alcohol (3). More than 70% of at-risk individuals have 
multiple risk factors for CVD, and only 2% to 7% of the 
general population has no risk factors (1). The World 
Health Organization (WHO) estimates that over 75% of 
premature CVD is preventable and risk factor ameliora-
tion can help reduce the growing CVD burden (4). While 
age is a known risk factor for the development of CVD, 
autopsy evidence suggests that the process of developing 
CVD in later years is not inevitable, thus risk reduction is 
crucial (5). According to available global data, it is ex-
pected that soon will be a change in age structures and an 
increase in the aging population (6). Aging and population 
growth, as well as improvements in life expectancy and 
other health indicators, will have a major influence on the 
region’s health and resources, particularly among low- 
and middle-income countries, such as Iran (7).  

Since 2001, several guidelines have calculated and pre-
dicted the risk of CVD (8). Such calculations are im-
portant in guiding the primary prevention of CVDs (8). By 
identifying CVD risk, in addition to raising awareness, 
appropriate interventions can be designed and implement-
ed at the primary prevention. The Framingham risk score 
is one of the most widely used risk scores with a good 
ability to separate high-risk individuals from others (dis-
crimination) and to predict the risk of CVD (calibration) 
(8). This score has been used in various countries as a 
useful tool to predict CVD risks (8-10). A cohort study 
with long-term follow-up confirmed the correctness of the 
predictive power of the Framingham risk score (11). In 
this study, an updated WHO model for use in the primary 
prevention program is introduced. 

In addition to the policies for health promotion and dis-
ease prevention targeted at the population level, approach-
es to risk detection and risk management at the individual 
level have also been advocated. Early detection and man-
agement of individuals with NCDs or at high risk of 
NCDs can reduce the complications of NCDs, thereby 
improving survival and quality of life (12).  The WHO 
Package of essential noncommunicable disease (PEN) 
interventions for primary health care in low-income set-
tings (WHO PEN) was developed to enable early detec-
tion and management (13). Ira-PEN was first launched in 
July as a pilot program in line with the World Health Or-
ganization (WHO) Package of PEN disease interventions 
for primary health care in low-resource settings.  

To evaluate any program, the cost-effectiveness ratio of 
that program must be examined to achieve the goals of the 
program. Disease burden is the impact of a health problem 
as measured by financial cost, mortality, morbidity, or 
other indicators. It is often quantified in terms of quality-

adjusted life years (QALYs) or disability-adjusted life 
years (DALYs) (14). 

Estimating and identifying the extent of changes in risk 
factors and the extent of their effect on reducing the bur-
den of cardiovascular disease can identify risk groups and 
implement useful and effective programs for target groups 
to reduce costs and increase the effectiveness of the pro-
gram. This study aimed to determine the burden and ex-
tent of reducing risk factors for cardiovascular disease and 
ultimately their impact on reducing the incidence of this 
disease influenced by the Ira-PEN program. Controlling 
disease risk factors and estimating the impact of their re-
duction in reducing the burden of cardiovascular disease 
can be associated with identifying at-risk groups and im-
plementing useful and effective programs on target groups 
with reduced costs and increased effectiveness. 

 

Methods 

This methodological cost-effectiveness study was con-
ducted from 2016 to 2018 to evaluate the economic cost-
effectiveness of CVD prevention programs in Iran after 
the Ira-PEN program implementation.  

 

Study Design and Setting 

The study population consisted of 160,833 samples 
from the pilot design of the IraPEN program in 4 cities of 
Maragheh, Shahreza, Naqadeh, and Baft. These samples 
were observed for 2 years to measure the cost of the Ira-
PEN program for primary health care and the economic 
burden of cardiovascular disease. Data were collected 
from the Health Ministry and hospital-based cardiovascu-
lar patient records. Baseline data were collected from the 
start of the program. The population was from the health 
centers of the 4 pilot cities where the program began. 

People over 40 years old participated in the pilot plan of 
the IraPEN program from comprehensive health service 
and health houses in urban and rural centers of West 
Azerbaijan province, city of Naghadeh, East Azerbaijan 
province, city of Maragheh, Isfahan province, city 
of Shahreza, and Kerman province, city of Baft. 

 
Health Outcomes and Data Collection 

The 10-year risk of CVD was estimated by the laborato-
ry tests and information registered in the population elec-
tronic records (Integrated Health System). In the Erapen 
program, the risk of cardiovascular disease is calculated 
by the population electronic records with the help of the 
WHO Risk Assessment Chart, which classified people 
into 4 risk groups: low (risk less than 10%), medium 
(10%-19%), relatively high (20%-29%), and high (>30%). 
The population electronic records system is used to deliv-
er health care services in the form of health system trans-
formation programs and projects, and it stores all infor-
mation on households, as well as the types of health care 
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services that are necessary for community health centers. 
To evaluate the effect of the Ira-PEN program in reducing 
the risk factors for cardiovascular disease, total cholester-
ol, systolic blood pressure, diabetes, and current smoking 
status were studied. 

Since these risk factors are used in the risk scoring and 
formula of the WHO (whocvdrisk), only these risk factors 
were considered for risk assessment. Therefore, to assess 
the cardiovascular risk according to the WHO formula 
(15, 16),  the values of risk factors at the beginning of the 
program and at the end of the program for people who 
attended the program for 1 year were evaluated.  

According to the new WHO CVD-risk assessment mod-
el, 1-year variation in individual risk factors, such as sys-
tolic blood pressure, fasting blood sugar, smoking, age, 
sex, and body mass index, were assessed, then the cardio-
vascular risk threshold is assessed 1 year after receiving 
IraPEN program interventions. Considering the cardiovas-
cular risk at the beginning and end of the study, the 
changes resulting from the effect of the IraPEN program 
in reducing cardiovascular risk were identified. 

The basic information of the samples, which was related 
to the time of the start of the study, was used as a control 
group, and the information related to 1 year after the im-
plementation of the IraPEN program was used as an inter-
vention group. 

Estimation of cardiovascular disease burden: 
The reduced relative risk of cardiovascular disease un-

der the IraPEN program (based on the WHO CVD-Risk 
model) 

 (16) 

 Incidence of the disease based on age groups (17) 

 The death rate from cardiovascular disease (18, 19) 

 Life expectancy (20) 

 Weight disability cardiovascular disease (21) 

To calculate the cost-effectiveness of the program in re-
ducing cardiovascular risk, we examined the cost per 
DALY averted. We used the 10-year risk for CVD to con-
duct a cost-effectiveness analysis in terms of cost per 
DALY averted.  

 

Hematologic Test 

Since the hematologic test methods used in the IraPEN 
program were based on point-of-care, the results obtained 
from this program were used accordingly. For the blood 
test, the participants were informed in advance to refrain 
from overeating, and smoking, and to skip their medica-
tions as they may affect the test results. All participants 
fasted for at least 8 hours before the blood test. Fasting 
glucose and total cholesterol levels were analyzed using 
point-of-care portable tests. 

  
Study Variables and Data Sources 

The participants in this study are people over the age of 
40 who participated in the Erapen program's pilot pro-
gram, which included urban and rural centers, comprehen-
sive health service bases, and health houses in 4 cities: 
Naghadeh in West Azerbaijan, Maragheh in East Azerbai-
jan, Shahreza in Isfahan, and Baft in Kerman. The source 

of data collection for study costs included direct costs 
incurred by the Ministry of Health to implement the Ira-
PEN program, which was related to the positive costs of 
the program from urban and rural health centers. 

Negative expenses associated with cardiovascular dis-
ease prevention were acquired from the Ministry of Health 
Expenditure Booklet for cardiovascular hospitals (22). 

 
Costs 

Costs include program-level costs associated with run-
ning the intervention. Costs of the IraPEN program per 
person were about laboratory testing, diagnosis, consult-
ing, and salaries of administrators and treatment (drugs). 
The positive costs of the program include the costs that 
are directly spent by the Ministry of Health to implement 
the IraPEN program. Information about the program's 
consulting costs, laboratory costs, medical visits, medica-
tion, and monthly salaries of staff working in health cen-
ters providing services for the IraPEN program were ob-
tained from the centers and organizations providing ser-
vices (recruitment of the organization) and the booklet of 
the Ministry of Health was used to calculate the positive 
costs of the IraPEN program (22). We converted the unit 
of cost to USD using the annual average exchange rate. 

 
Calculating Cost-effectiveness of Interventions 

To calculate the relative risk reduction, the formula of 
the WHO model (WHO CVD-risk) was used, which is 
obtained by considering the main risk factors. In this way, 
the amount of risk at the beginning of the study was calcu-
lated before the implementation of the program, then after 
1 year of the implementation of the Erapen program, the 
amount of risk of cardiovascular disease was calculated 
and then the relative risk reduction was estimated accord-
ing to the initial and end cardiovascular risk. The WHO 
CVD-Risk model separately calculates the risk of coro-
nary heart disease and stroke. 

The IraPEN program's costs and impacts on current 
practice, as well as the cost of substituting an existing 
intervention with one that targets the same condition, are 
considered in a cost-effectiveness analysis. To estimate 
the reduction in disease burden related to the reduction of 
cardiovascular disease, we built a model to predict the 
burden associated with specific diseases or risk factors to 
develop the disease. We calculated the effect of interven-
tions in our model, assuming that all reduced the risk as-
sociated with the presence of each cardiovascular risk 
factor. Hence, we make a comparison at the beginning of 
the study before the program and the end of the program 1 
year after running the program. Finally, the model incor-
porated these modifications into a new estimation of car-
diovascular events that were tailored to the age and gender 
of the participants. This estimation was then compared to 
the estimation without the intervention. A cost-
effectiveness analysis was conducted at the expense of a 
1-year IraPEN program. The final report by the Central 
Bank of the Islamic Republic of Iran was used to identify 
and determine the exchange rate by year. 
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• All costs were equaled and presented in Iranian Rials 
(IRR) in 2017 (1$ = 129,089 IRR). 

We used a life expectancy at birth of 86, as suggested 
for worldwide comparisons in the Global Burden of Dis-
ease study, to calculate the years of life lost owing to 
premature death (23). For each age-gender strata, years of 
a life lived with disability were calculated by multiplying 
the projected number of nonfatal incidents by each disa-
bility weight. A DALY is a measure of health burden, 
including both reduction in life expectancy and dimin-
ished quality of life. The DALY burden for a particular 
condition is the sum of YLL (years of life lost due to 
premature mortality) and YLD (years lost to disability).  

Mathematically, a DALY is represented by the equation 
DALY = YLL + YLD.  

 YLL is calculated as the number of deaths (n) x the 
standard life expectancy at an age at death (L1). This 
measures the reduction in life expectancy. 

 YLD is the number of new cases of a disease (I) x a 
disability weight (DW) x the average time a person lives 
with the disease before remission or death (L2). This 
measure represents the diminished quality of life experi-
ence for an individual with injury or illness. 

 

Disability Weights 

We used disability weights from the WHO GBD 2017 
study (24, 25). As there are disability weights for different 
severity levels of coronary heart disease (CHD) and 
Stroke, we calculated weighted disability weights for the 2 
conditions based on published severity distributions (26). 
We used the anticipated proportion of people with the 
condition in question to weight the 3 disability weights for 
each of the 4 severity levels (mild, moderate, and severe). 

 

Classification of CVD Risk Factors 

values ≥126 mg/dL (7 mmol/L) or self-reported physi-
cian-diagnosed history of diabetes indicates diabetes (27). 
The cutoff values employed for the other CVD risk com-
ponents are as proposed: 

High blood pressure: systolic blood pressure ≥140 
mmHg and/or diastolic blood pressure ≥90 mmHg (28) or 
physician-diagnosed hypertension. 

Hypercholesterolemia: serum total cholesterol level of 
≥200 mg/dL (5.2 mmol/L) (29). 

 

Sensitivity Analysis 

In this study, the deterministic sensitivity analysis 
method was used to determine uncertainty. A sensitivity 
analysis was performed to evaluate the effect of uncertain-
ty on assumptions on base levels on cost-effectiveness 
ratios. To estimate the burden of heart disease and stroke, 
the upper and lower confidence limits of variables related 
to the YLL calculation formula or the number of previous 
years due to disease and YLD or the number of years of 
life with disability were used, which included the follow-
ing: incidence illness, average life expectancy after heart 
disease and stroke, standard life expectancy, weight was 
disability. 

 
 

Propensity Score 

We used propensity scores to determine the impact of 
the missing individuals from the study. Patients who en-
tered this study received the IraPEN program. They were 
observed for 1 year. A logistic regression model was used 
to measure the probability of the following for individuals 
considering the total variables affecting the outcome, 
which included age, sex, alcohol consumption, smoking, 
body mass index, systolic and diastolic blood pressure, 
fasting blood sugar, and total cholesterol. Then, according 
to the probability determined for each follower, we calcu-
lated its weight and put it in the model to determine the 
effect of the presence and absence of people as a result of 
the study. 

 

Statistical Analyses 

We used a cost-effectiveness analysis based on DALYs 
averted. To calculate the absolute risk reduction of the 
disease according to the WHO-CVD risk equation 
(“whocvdrisk” command in STATA) and taking into ac-
count the number of changes in risk factors associated 
with cardiovascular diseases, such as fasting plasma sugar, 
total cholesterol, smoking, and systolic blood pressure at 
the start of the program and end of the program after 1 
year of baseline data. After evaluation, people based on 
your risk scoring are classified into 4 groups: low-risk 
(<10%), moderate-risk (10%-19%), high-risk (20%-29%), 
and very high-risk (≥30%) in terms of the 10-year risk of 
heart attack and stroke.  

whocvdrisk is a program that calculates the World 
Health Organization (WHO) 10-year risk of CVD as de-
scribed in the published methods paper (The WHO CVD 
Risk Chart Working Group* Lancet Glob Health) (16). 

Briefly, it calculates predicted 10-year CVD risk based 
on 2 risk models derived using data from the emerging 
risk factors collaboration (ERFC) and recalibrates the pre-
dicted risks to reflect the expected 10-year risk in contem-
porary populations in 21 global regions. The latter recali-
bration was achieved using age- and sex-specific CVD 
incidences from the 2017 update of the Global Burden of 
Disease Study (GBD 2017) and risk factor values from the 
noncommunicable diseases risk factor collaboration 
(NCD-RisC). 

The 2 risk models are a laboratory-based model includ-
ing age, smoking status, systolic blood pressure, history of 
diabetes, and total cholesterol; and a nonlaboratory-based 
model including age, smoking status, systolic blood pres-
sure, and body mass index.  

Risk scoring was performed based on the mentioned 
risk factors in 4 categories. Thereafter, based on the sys-
tolic blood pressure (mm Hg) and the total cholesterol 
level (mmol/L), smoking, and systolic blood pressure, the 
10-year cardiovascular risk was determined. In all anal-
yses, risk factors were calculated from sample averages of 
participants. In this analysis, after 1 year, of the imple-
mentation of the IraPEN program, the result of reassess-
ment was performed and the mean amount of risk factors 
and risk scoring was determined. Data analyses were per-
formed  using Stata software Version 11.2 (Stata Corp) and 
MS Excel (2013). 
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Results 

Of the population of 160,833 at the beginning of the 
study, 36,631 had followed the study for a year and their 
entire information was available, out of a total population 
of 160,833 at the start. After a year of follow-up, the pop-
ulation of women (24,394) was nearly double that of men 
(12,237) in this study. The mean age of participants at 
baseline was 47.22 years (Table 1). 

The cardiovascular risk reduction was greater in men 
than in women after 1 year of the program. We estimated 
a relative risk reduction of 0.74 (95% CI, 0.68-0.81) in 
men and 0.65 (95% CI 0.59-0.7) in women. According to 
these estimates and the population size of individuals ≥30 
years in the total population of Iran, about 174,088 annual 
acute CVD events decrease would be expected; this de-
crease is predicted for men (93,034) more than for women 
(81,054).  

The number of changes in the prevalence of the first and 
last 4 risk factors for smoking, systolic blood pressure, 
hypertension, and high cholesterol in the target population 
under the IraPEN program all decreased after 1 year of 
implementation of the program. According to the availa-
ble data, all risk factors under the IraPEN program have 
been significantly reduced, which is the greatest reduction 

in hypercholesterolemia, which can be due to the interven-
tion of lifestyle and dietary changes. In the beginning, the 
overall prevalence of smoking was 5.85% (CI: 5.42 – 
6.11%) 10.10% for hyperglycemia (CI, 0.85–10.48%), 
13.29% for hypercholesterolemia (CI: 12.93– 13.64%), 
and 8.14% for blood pressure (CI: 7.84–9.53%) (Table 1). 

The total direct costs of the administration and imple-
mentation of the IraPEN program are shown in Table 2.  

YLL, YLD, and DALY averted to CHD and stroke in-
fluenced by the IraPEN program for the overall modifia-
ble risk factor selected, which can be seen in Tables 3 and 
4, respectively.  

The highest DALY averted in the age groups of over 60 
years. Based on the results of Tables 4 and 5, the IraPEN 
program was effective in all age groups; the program was 
the most effective in reducing the CHD burden. The most 
decrease was in the age group over 60 years. 

The IraPEN program has been found to be cost-effective 
in decreasing the burden of CVD due to the total cost per 
DALY saved. Our intervention has decreased cardiovas-
cular costs while also averting an increase in the burden of 
CVD (Table 5). 

The rate of DALYs averted from CVD was 1057.66 
who had been followed for a 1-year program. Hence, the 

 

Table 1. Baseline characteristics  

Characteristic  Male (SD) Female (SD) Total (SD) 

Age, y 47.69 (13.63) 46.88 (12.97) 47.22 (13.25) 
Weight, kg 75.16 (13.74) 69.72 (13.19) 72.15 (13.66) 
Pilot cities, ages, y    

Maragheh  46.68 (13.21) 46.29 (12.63) 46.45 (12.88) 
Shahreza 47.28 (13.37) 46.11 (12.82) 46.60 (13.06) 

Naqhadeh 48.78 (13.10) 47.67 (12.7) 48.13 (12.88) 
Baft 51.19 (16.05) 49.65 (14.56) 50.27 (15.19) 

Risk factors 
 
Systolic blood pressure 
 

Before 113.93 Before 112.51  
After 113.3 After 112.25 

 
Fast blood sugar 
 

Before 100.12 Before 104.3 
After 99.47 After 103.57 

 
Total cholesterol 
 

Before 158.13 Before 165.63 
After 155.9 After 162.24 

 
 
Smoking 
 

Before 5.52% 
(8.850 person) 

Before 0.33 % 
(526 person) 

After 3.58% 
(1,314 person) 

After 0.27% 
(94person) 

 

Variation in the prevalence of major risk factors at the beginning and end of the program in all samples 
 Before After  
Blood pressure 8.14 7.64 
Hypercholesterolemia 13.29 12.98 
Hyperglycemia 10.10 8.15 
smoke 5.85 3.84 

 
Table 2. IraPEN Program Costs per Service Recipient 

Group  classified by Risk Scoring Cost 

The cost per person in the group with a risk below 10% is: 
(Risk scoring assessment, education program (staff payment), and lab tests) 

 
$ 1.8 

The cost per person in the group with a risk below 10- 19 %: 
(Risk scoring assessment, education program (staff payment), and lab tests(two times) 

 
$ 2.58 

The cost per person in the group with a risk below 20- 29 %: 
(Risk scoring assessment, education program with consulting (staff payment), and lab tests(three-time) 

 
$ 3.72 

The cost per person in the group with a risk Above 30%: 
(Risk scoring assessment, education program with consulting (staff payment), drugs cost, and lab tests(four-time) 

 
$ 12.63 
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total cost per DALY averted is equal to 
Total cost per DALY averted: Cost / Daly = 49,880.55 / 

1057.66 = 47.16 USD per risk score reduction. Consider-
ing the amount of 47.16 in the cost per DALY averted, it 
can be shown that with the implementation of the IraPEN 
program 67.3 $ per DALY is saved. 

 

Discussion 

This study was designed to evaluate the effect of the 
primary prevention level of cardiovascular diseases, which 
examined the effectiveness of the National IraPEN Pro-
gram in CVD risk reduction by controlling its risk factors 
that were piloted by the Ministry of Health of Iran in 4 
cities. One of the main dimensions of this program was 
the control of cardiovascular diseases at the primary pre-
vention level based on risk scoring of people over 30 
years at risk of CVD to effectively control the lifestyle by 
providing the training and medication interventions. 

We have quantified the cardiovascular disease risk scor-
ing, costs, and cost-effectiveness of a broad range of pre-
ventive and management strategies for reducing the risk of 
CVD burden. Results of this analysis demonstrate that all 
population-wide interventions in 1 year after the imple-
mentation of the IraPEN program and the majority of in-
dividual measures focusing on reducing risk factors of 
CVD are cost-effective. Where resources are scarce, a 
health education program can be improving lifestyle, diet 
habits, physical activity, and quitting smoking. 

Our results show that the cardiovascular risk reduction 
was higher in men than in women after 1 year of the pro-
gram. The reason for the further reduction of the risk of 

cardiovascular disease in men can be mentioned their 
more activity and the acceptance of educational programs 
to reduce smoking. Although women usually have a lower 
incidence of CVD than men, several clinical pieces of 
evidence have demonstrated that women have a higher 
rate of mortality and poorer prognosis following an acute 
cardiovascular (CV) event (30). The risk of cardiovascular 
disease in women is often underestimated due to the mis-
perception that women are more protected than men 
against CVD (31). Maas reported that a lower rate of di-
agnostic angiograms and interventional procedures are 
performed in women compared with men (31). This has 
raised the concern that the therapeutic approach to CVD 
should be gender-specific because of the existence of sex-
related disparities in cardiovascular physiology (32). A 
Korean study using the Framingham risk score (FRS) con-
firmed the factors affecting FRS by sex (33), and another 
study identified the factors influencing middle-aged wom-
en’s lifestyle habits according to their FRS level that af-
fects their 10-year cardiovascular disease risk (34). 

Numerous programs have been designed around the 
world to control the risk factors for CVD, the most im-
portant of which is the Framingham risk scoring program. 
The FRS is a simple tool widely used to predict the level 
of CVD risk in the next 10 years, and it provides guide-
lines for managing risk factors (35, 36). Cardiovascular 
disease risk factors can be categorized into 2 groups: mod-
ifiable and nonmodifiable risk factors. Nonmodifiable 
cardiovascular disease risk factors are those that cannot be 
changed. These include a person’s age, ethnicity, and fam-
ily history (genetics cannot be changed) among other fac-

Table 3. Changes in stroke burden under the irapen program in different age groups 

Age 
groups 

 
Population 

Estimated 
Incidence 
Rate (%) 

Relative 
Risk 

reduction 
in IraPEN 

Occurrence of 
stroke without 

IraPEN 

Cases 
prevented 
under the 
IraPEN 

 
YLL 

 
YLD 

 
DALY 
Averted 

 
95% Uncertainty 

Interval 

40-49 9014 0.2 0.31 18 0.6 8.2 6.4 14.6 (9.16 – 22.41) 
50-59 7341 0.5 0.2 37 0.7 6.2 6.23 12.43 (9.5 – 16.47) 
60+ 8635 1.7 0.43 147 6.3 41 35.47 76.47 (56.02– 106.15) 

 
Table 4. Changes in CHD burden under the IraPEN program in different age groups 

Age 
groups 

Population EstimatedIncidence 
Rate (%) 

Relative 
Risk 

reduction 
in IraPEN 

Occurrence 
of stroke 
without 
IraPEN 

Cases 
prevented 
under the 
IraPEN 

YLL YLD DALY 
Averted 

 
95% Uncertainty 

Interval 

40-49 9014 0.9 0.72 81 5.8 123 9.18 132.18 (118.9 – 177.53) 
50-59 7341 3.22 0.55 236 13 217 14.88 231.88 (192.2 – 299.46) 
60+ 8635 6.8 0.79 586 46.5 556.5 33.6 590.1 (540.75 – 680.8) 

 
Table 5. Cost-effectiveness evaluation between age groups 

Age group CVD risk score Population in the 
pilot program 

Cost for per-
son, $ 

Total cost, $ DALY 
averted 

Cost per 
DALY 
averted 

95% Uncertainty 
Interval 

40 -49 <10 8527 1.8 15,348.6  
146.78 

 
113.23 

 
(128.06-199.94) 10 - 20 473 2.58 1220.34 

20 - 30 14 3.72 52.08 
50 - 59 <10 6919 1.8 12,454.2  

244.31 
 

55.51 
 

(201.7-315.93) 10 – 20 405 2.58 1,044.9 
20 – 30 17 3.72 63.24 

60 + <10 5954 1.8 10,717.2  
 

666.57 

 
 

29.55 

 
 

(596.77-1157.79) 
10 – 20 1989 2.58 5,131.62 
20 – 30 549 3.72 2,042.28 

30< 143 12.63 1,806.09 
Total  49880.55 1057.66 47.16  
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tors. Modifiable cardiovascular disease risk factors are 
those that can be reduced or controlled with behavioral 
changes (37).  

All risk factors under the IraPEN program of this study 
have been significantly reduced, which can be due to the 
intervention of lifestyle and dietary changes. The effec-
tiveness of a smoking cessation counseling program can 
also be shown in reducing the prevalence of smoking, 
which is associated with a reduction of 5.85 to 3.84. In a 
study conducted in Iran in this field, the results showed 
that the risk of CVD attributed to diabetes mellitus, hyper-
tension, smoking history, abdominal obesity, and high 
LDL-C were 9.9%, 36%, 5.5%, 18.9%, and 24.1% in Ira-
nians, respectively (38); these observations are consistent 
with the changes in the incidence of risk factors obtained 
in our study, the existence of some differences in the rates 
of risk factors are more related to the population under 
study and the demographic indicators evaluated in the 
study. Epidemiological studies have demonstrated that 
hypertension, use of tobacco, and dyslipidemia are the 
major risk factors of CAD, which act in a synergistic 
manner (39). The identification of risk factors provides a 
means for decreasing CAD risks, through the reduction of 
modifiable risk factors and better treatment decisions 
through a more accurate determination of overall risk sta-
tus (40). Risk factors reduction is the primary clinical ap-
proach to preventing CAD morbidity and mortality (39).  

Due to the changes in risk factors in the 2 sex groups, it 
seems that the highest DALY averted in the risk factors is 
observed in women in the variables of cholesterol and fast 
blood glucose and men in the variables of blood sugar and 
smoking. Considering the cardiovascular risk reduction 
value and the cardiovascular risk reduction, fast plasma 
glucose and systolic blood glucose had more effect on 
reducing cardiovascular risk other than variables. In wom-
en, due to less smoking, this factor has a lesser role in 
reducing the burden of the disease than men. In contrast, 
in women, fast plasma glucose plays a major role in re-
ducing the burden of disease. According to Sadeghi's 
study, it is predicted that in 2025 the burden of cardiovas-
cular disease in women will be higher than in men (41), 
which further justifies the need to implement primordial 
prevention programs for women. 

Our main focus was to evaluate the effect of the IraPEN 
program in reducing the risk of cardiovascular disease by 
changing the main risk factors affecting the disease and 
the burden of cardiovascular disease caused by these risk 
factors has been obtained.  

Population estimates of the prevalence and burden of 
the disease in the world show upward trends. The global 
trends for DALYs and years of life lost also increased 
significantly, and years lived with disability doubled from 
17.7 million to 34.4 million over thirty years (42).  

In this study, we found that men have a higher disease 
burden than women, and this was true across all major risk 
factors studied, indicating a high level of risk factors in 
men and reduced disease burden due to the IraPEN pro-
gram in both groups. This reduction in disease burden was 
greater in women than men, indicating that they were 
more committed to the program. In a global study on the 

30-year burden of CVD, the results showed that age-
standardized rates of DALYs and deaths due to stroke 
were substantially greater in men compared with women, 
but the prevalence was greater in women, suggesting the 
possibility of a greater risk of death and disability in men 
but better stroke survival in women. Similar patterns were 
observed in men and women with epidural hematoma, 
intracerebral hemorrhage, and subarachnoid hemorrhage 
(42). These results were consistent with the results of our 
study on gender. 

The total DALY averted in this study for all 4 major 
risk factors in age groups was 1057.66 and it seems that 
smoking has less effect than other risk factors, which can 
be explained by the lower percentage of smokers than 
nonsmokers in this study. Smoking, lipid abnormalities, 
and high blood pressure are well-established risk factors 
for CVD. Apart from being an individual risk factor for 
CVD, smoking has generally been associated with many 
the other risk factors, such as a poorer lipid profile and 
elevated blood pressure (43). Smoking, along with high 
cholesterol, high blood pressure, physical inactivity, obe-
sity, and diabetes, tops the list as a primary risk factor for 
heart disease. Smoking is the single most preventable 
cause of early death in the U.S (44). Smokers have higher 
serum cholesterol, triglyceride, and low-density lipopro-
tein levels, and lower levels of high-density lipoprotein 
than nonsmokers, but the effect of smoking cessation on 
lipid profile seems to be quite modest (45, 46). Smoking is 
a recognized risk factor for atherosclerotic CVD and de-
termines 20% of CVD deaths in the United States, there-
fore smoking cessation is strongly recommended to reduce 
the CVD burden (47).  

Due to the high level of blood sugar and the greater ef-
fect of the IraPEN program in reducing it, the burden of 
disease and the rate of deaths caused by them can be re-
duced by implementing control programs with an empha-
sis on reducing the main cardiovascular risk factors. The 
Diabetes Control and Complications Trial showed a trend 
toward a 41% risk reduction of cardiovascular events in 
type 1 diabetic patients (48). The 9-year follow-up obser-
vational phase after the trial revealed a substantial 
42% reduction in CVD in patients previously randomized 
to the intensive treatment arm (49). Control of these risk 
factors, as well as an understanding of the link between 
hyperglycemia and CVD risk, is essential for optimal 
management. Several innovative glucose-lowering medi-
cines have been shown to enhance CVD outcomes in re-
cent trials. To give the best care to their patients, health 
care professionals must assess these trials and findings 
(50).  

Based on the burden of risk factors affecting cardiovas-
cular diseases in this study, in addition to the mentioned 
cases, other factors also play a role in aggravating or alle-
viating the symptoms or risk of the disease, which can 
play an effect modifier. Therefore, based on the burden of 
these risk factors, we can point to the greater impact of the 
program in controlling fast plasma sugar and systolic 
blood pressure, which according to available documents 
may play an independent risk factor in the occurrence of 
cardiovascular disease (51). 
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Assessing the burden of disease and reducing the risk of 
cardiovascular disease in age groups helps to identify sen-
sitive groups and prioritize them in control programs. 
With aging, there is an incremental acquisition of several 
CVD risk factors in an individual’s lifespan. When these 
risk factors are incorporated into a multivariable regres-
sion model, age remains an independent risk factor. There 
are several risk prediction scores currently available to 
assess an individual’s risk of CVD, and all of them in-
clude “age” as a predictor (52).  

While age is an independent risk factor for CVD, other 
risk factors associated with advanced age, such as frailty, 
obesity, and diabetes, have been demonstrated to exacer-
bate these risks. Even though women have a longer life 
expectancy than men, women account for the majority of 
CVD diagnoses among the senior population, particularly 
those over the age of 80 (53). Based on the papers availa-
ble, it can be proven that the danger of heart disease grows 
with age and that it is several times more common in 
women than in men, indicating that age and sex interact in 
the disease's incidence (54). 

Considering the amount of 47.16 in the cost per DALY 
averted, it can be shown that with the implementation of 
the IraPEN program, the amount of $ 47.16 per DALY is 
saved. 

The total rate of the DALY showed that the implemen-
tation of this program would save $47.16 for the savings 
of each DALY, so considering the cost paid for the pro-
gram and the result in controlling the first level of the dis-
ease, it seems to be implemented. The program is cost-
effective for the Iran Ministry of Health. The global bur-
den of CVD is included 40.8 million disability-adjusted 
life years each year. The global trends for disability-
adjusted life years (DALYs) and years of life lost also 
increased significantly, and years lived with disability 
doubled from 17.7 million to 34.4 million over that period 
(55).  

In summary, the resources available for cardiovascular 
disease management programs in developing countries are 
likely to be few in comparison with those typically availa-
ble in developed countries (56). As a consequence, the 
costs associated with disease management programs are 
likely to be of even greater importance in developing 
countries than they are in developed countries. In devel-
oped countries, among the most cost-effective strategies 
have been preventive therapies that target individuals at 
high risk, such as those with a history of diabetes or prior 
vascular disease (57). This study aimed to estimate the 
cost-effectiveness of the Erapen program in reducing the 
burden of cardiovascular disease. The evaluation was per-
formed after 1 year of program interventions, and the re-
sults showed that the program is effective in reducing the 
burden of risk factors and its cost-effectiveness. Control-
ling cardiovascular disease by controlling its main risk 
factors in the first level of prevention is an effective meth-
od in terms of cost-effectiveness that can be effective and 
efficient in low-income countries. Therefore, according to 
the results obtained, regardless of the socio-economic 
conditions of different societies, the implementation of 
control programs at the first level of prevention can reduce 

the cost burden of health organizations in developing 
countries. 

 

Conclusion  

As the prevalence of cardiovascular disorders rises in 
Iran, where resources are scarce, there is a continual de-
bate about how best to allocate scarce resources. The Ira-
PEN program is a comprehensive nationwide program for 
the primary prevention of cardiovascular disease. Its cost-
effectiveness has not been assessed in comparison to other 
current techniques. This study demonstrates the Erapen 
program's efficacy in reducing disease burden by address-
ing the major risk factors. Using the findings of this study, 
Iran's policymaking would be more evidence-based, re-
sulting in more explicit and methodical decisions to con-
tinue its implementation. 
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