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Abstract

Background Cardiovascular diseases (CVDs) are the leading cause of mortality and morbidity worldwide, particularly
among the aging population. This study aims to evaluate the economic burden of CVDs among Iranians aged 60
years and older.

Methods A cost-of-illness study was conducted using a prevalence-based approach from a societal perspective.
Cost analysis employed the bottom-up micro-costing method to assess direct medical and non-medical costs,

while indirect costs were calculated using the human capital approach. Data were sourced from medical records of
individuals aged 60 and older with CVDs registered in the hospital information systems of public and private hospitals
in southeastern Iran. Additionally, structured face-to-face interviews were conducted with 160 caregivers or relatives
serving as companions of elderly patients, using a structured questionnaire to gather data on healthcare utilization.
Sensitivity analyses were performed, along with projections of the future economic burden of CVDs.

Results The annual total cost of CVDs among people aged 60 years and above in Iran was estimated at US$
1,885,091,171.7 (about 1.88 billion), equivalent to 1.27% of the Iran’s GDP in 2021. Direct medical costs accounted
for 90.62% of the total, with 54.72% attributed to ambulatory care. The average cost of CVDs per patient was US$
446.2. The results of two-way sensitivity analysis provided an estimated cost range between US$ 1.2 billion and US$
2.7 billion. By 2030, the total cost of CVDs is projected to reach US$ 21 billion.

Conclusions The elderly population with CVDs imposes a growing economic burden on Iran’s healthcare system and
society. This underscores the urgent need for effective and cost-effective interventions to prevent and manage CVDs
in Iran.
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Background

Cardiovascular diseases (CVDs) encompass a range of
conditions affecting the heart and blood vessels, includ-
ing coronary artery disease (CAD), cerebrovascular dis-
ease, rheumatic heart disease, and other cardiovascular
conditions [1]. According to the Global Burden of Dis-
eases (GBD) reports, nearly 612 million people globally
were living with a form of CVDs in 2021, with an inci-
dence rate of approximately 846 new cases per 100,000
people [2]. CVDs remain a major public health concern,
causing approximately 19.4 million deaths and 428.3 mil-
lion disability-adjusted life years (DALYs) in 2021 alone
[3]. Notably, around 80% of these deaths and disabilities
occur in low- and middle-income countries (LMICs)
[4—6], despite a global reduction of 14.5% in CVD-related
mortality from 2006 to 2016 [7].

In Iran, a lower-middle-income country, the preva-
lence of CVDs was 10.07% in 2021, higher than the global
average [2]. CVDs accounted for 44.4% of all deaths and
18.2% of DALYs in the country [2]. Over the past four
decades, Iran has experienced an increase in both the
prevalence and mortality rates of CVDs. This rise can
be attributed to rapid sociodemographic and economic
transitions, changes in diet, inadequate physical activity,
industrialization, urbanization, and longer life expec-
tancy [8, 9].

Elderly populations are particularly vulnerable to
CVDs due to age-related physiological changes and
prolonged exposure to risk factors [10]. A cohort study
conducted in Iran revealed that the prevalence of CVDs
among individuals aged 65-70 was 27.9%, compared to
7.5% in the 35-45 age group [11]. Additionally, the pro-
portion of elderly people (aged 60 years and older) in Iran
has grown from 5.1% in 1990 to over 10% in 2022 [12].
This demographic shift poses significant challenges for
the prevention and management of CVDs within this age
group [13].

Beyond the health burden, CVDs impose a substan-
tial financial burden on individuals and society. Accord-
ing to the American Heart Association, heart diseases in
the U.S. incurred approximately $252.2 billion in costs
between 2019 and 2020, including healthcare services,
medications, and lost productivity [14, 15]. Globally, the
economic burden of CVD is projected to increase from
US$ 957 billion in 2015 to US$ 1.04 trillion by 2030,
according to the World Heart Federation [16]. This trend
is mirrored in Iran, where the total costs of CVDs rose
from 5,571 billion Iranian Rials (IRR) in 2012 to 6,700
IRR in 2017 [17]. Similarly, in Poland, the estimated costs
of CVDs increased from €8.2 billion in 2015 to €9.6 bil-
lion in 2017 [18], and in Brazil, CVD costs grew by 17%
from 2010 to 2015, reaching $13.1 billion [19]. These ris-
ing costs can be attributed to population aging, the grow-
ing prevalence of chronic conditions and comorbidities,

(2024) 24:1355

Page 2 of 9

and higher healthcare utilization among older individuals
[20].

The economic impact of non-communicable diseases
(NCDs), including CVDs, is of great importance to poli-
cymakers. These diseases not only affect individuals and
families but also strain health systems, health insurance
policies, and national economies [21]. By estimating the
economic burden of diseases, policymakers can better
understand the societal impact and allocate resources
more efficiently. This knowledge is crucial for develop-
ing and implementing interventions that prevent and
manage diseases, improve health outcomes, and reduce
out-of-pocket expenditures and catastrophic costs. Since
many CVD-related costs are preventable [22], policy-
makers can implement targeted interventions to reduce
these expenses and conserve resources.

While several studies have estimated the economic
burden of CVDs in Iran, most focus on specific perspec-
tives or patient age groups. For example, one study esti-
mated the total economic burden of CVDs in Ardabil at
6700.58 billion IRR in 2017 [17], while another estimated
the total costs of CAD in Tabriz at around 63 million
IRR in 2020 [23]. However, there is a need for a focused
analysis of the elderly population, which constitutes the
majority of CVD patients in Iran and imposes substan-
tial costs on the health system. Additionally, updated
data and future cost projections are crucial for informed
policy making. This study aims to estimate the economic
burden of CVDs among Iranians aged 60 years and above
and provides cost projections for 2030, offering insights
relevant to a country with limited healthcare resources.

Methods

Study design

This study, a partial economic evaluation focusing on the
cost of illness, was conducted from a societal perspective,
accounting for direct medical, non-medical, and indi-
rect costs. The analysis employed a prevalence method
with a one-year timeframe. A bottom-up micro-costing
approach was utilized for the cost analysis.

Study population

The study was carried out in three public hospitals and
one private hospital in Kerman, the largest city in south-
eastern Iran. Kerman hospitals were strategically selected
for several reasons: (1) they provide a wide range of ser-
vices, offered by highly qualified healthcare professionals
equipped with advanced medical devices and equipment,
and (2) they serve as referral centers for surrounding
and neighboring cities and provinces, including those in
the Sistan and Baluchestan and Hormozgan provinces.
Although most patients utilize public hospitals, a propor-
tion, based on socioeconomic factors, seek care in private
hospitals. To capture a comprehensive representation
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of patient demographics and healthcare utilization, we
included both public and private hospitals in the study.

The study population comprised elderly individuals
aged 60 and above diagnosed with CVDs. All patients
diagnosed with CVDs in public hospitals during the
study period (2019 and 2020) were included. However,
due to limitations in the Hospital Information System
(HIS), a number of 50 patients admitted to the private
hospital were included in the study.

To address the variation in cost data and medical tariffs
between public and private hospitals and ensure an accu-
rate calculation of the average cost, we adjusted costs by
a survey set reflecting the proportional distribution of
patients across both hospital types. The cost ratio of pri-
vate to public hospitals was 3.3:1.

Patients were identified using the International Clas-
sification of Diseases, 10th revision (ICD-10) codes,
encompassing categories including acute rheumatic fever
(100-101), chronic rheumatic heart diseases (105-109),
hypertensive diseases (110-115), Ischemic heart diseases
(I20-125), pulmonary heart disease and diseases of pul-
monary circulation (126-128), other forms of heart disease
(I30-152), diseases of arteries, arterioles and capillaries
(I70-179), diseases of veins, lymphatic vessels and lymph
nodes, not elsewhere classified (180-189), and other and
unspecified disorders of the circulatory system (195-199).

Data sources

Data were extracted from multiple sources. Demographic
information, admission and discharge dates, length of
stay, and hospitalization costs (i.e., medications, tests,
radiology and imaging, surgery, consumable materials
and other costs) were gathered. A face-to-face structured
interview survey was also conducted to collect data on
health utilization, direct non-medical costs, and indi-
rect costs. Trained interviewers conducted structured,
face-to-face interviews with caregivers, companions or
relatives of elderly patients at hospitals and ambulatory
clinics where patients with CVDs were treated (see Addi-
tional file 1). The questionnaire consisted of three main
parts: (1) patient demographic information, (2) caregiver
demographics, and (3) health services utilization and cost
data. The primary draft of the questionnaire was devel-
oped based on national surveys on health services utiliza-
tion and medical costing and economic burden in Iran.
Then, the primary questionnaire was critically reviewed
and validated by a panel of experts in health policy,
health economics, epidemiology, and gerontology. Addi-
tionally, it was tested for clarity and understandability
among individuals with limited reading skills.

The cost data included annual hospitalization costs,
outpatient medical visit expenses, rehabilitation costs,
out-of-pocket medication costs, paraclinical and diag-
nosis services (e.g., laboratory, imaging, and radiology

(2024) 24:1355

Page 3 of 9

tests), and transportation and accommodation costs
for inpatient and outpatient services. Moreover, data
on patients and their caregivers’ jobs and employment,
monthly income, and absenteeism (the number of days
absent from work) due to caregiving responsibilities
were also collected. In total, data from 160 patients with
diverse socio-economic backgrounds from both public
and private hospitals and ambulatory clinics were col-
lected and analyzed.

Population data for individuals aged 60 and above were
obtained from the United Nations population [24], and
the prevalence of CVDs (44.24%) among the elderly peo-
ple (44.24%) was sourced from the Global Burden of Dis-
ease (GBD) study 2019 [2].

Cost estimation
From a societal perspective, costs were categorized as
direct (medical and non-medical) and indirect.

Medical costs

Direct medical costs included expenses for hospitaliza-
tion, outpatient visits, rehabilitation, medical tests, diag-
nosis and imaging tests, and medications.

Direct medical cost=Hospitalization Costs+Ambula-
tory Care Costs.

Hospitalization=Materials and Consumables+Sur-
gery+Lab Test, Diagnostic Test and Radiology+Medica-
tion+Hospital Stay and Daily Bed.

Ambulatory care cost = [monthly unit cost of services
(including outpatient visits, monthly rehabilitation,
monthly lab test, diagnostic test and radiology, monthly
out-of-pocket medication) X (quantity of services used) x
12]

Non-medical costs

Direct non-medical costs included transportation, food,
accommodation, and other expenses incurred by patients
and their caregivers.

Direct non-medical costs = ¥ [monthly unit cost of ser-
vices (such as transportation, food, accommodation and
other non-medical cost) X (quantity of services used) x
12]

Indirect costs

Using the human capital approach, we calculated the
income lost (productivity loss) due to work disability and
caregiving responsibilities. In 2020, the retirement age
for men and women were 60 and 55, respectively [25]. To
calculate the productivity loss for patients, we considered
only 13.5% of Iranians aged 60 and above who continued
working after retirement [26]. However, all of patients’
caregivers were eligible for the calculation of productivity
loss, provided they were employed. The number of days
the elderly and caregivers were absent from work was
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multiplied by their average daily wages. Productivity loss
due to premature death was not considered in this study
because our study population was aged 60 and above.

Indirect costs = X [(daily patients wage x workdays lost
per month) + (daily caregiver wage X workdays lost per
month) x 12]

The overall economic burden was calculated as:

Economic burden=total costs [direct medical+direct
non-medical + (patients’ productivity loss X 13.5%) +care-
givers’ productivity loss] X prevalence of CVD for elderly
people X elderly population.

All healthcare costs were adjusted to 2020 prices using
the healthcare inflation index from the Central Bank of
Iran. Non-healthcare costs in 2020 were adjusted using
general inflation index [27]. All values were converted to
USD (US $) at an exchange rate of 448,210 IRR per US
dollar [28].

Sensitivity analysis

We performed one-way sensitivity analyses with a+20%
variation in each cost component, visualizing the results
with a tornado diagram. Additionally, a two-way sensitiv-
ity analysis was conducted by varying the CVD preva-
lence and elderly population size by £20% to evaluate
their effects on total costs.

Estimating the future economic burden of CVDs
To predict the economic burden of CVDs among elderly
patients in 2030, we followed these steps:

(1) Population and prevalence rates projection: Using
2020 data, we projected the number of individuals aged
60 and above with CVDs in 2030. (2) Cost prediction:
Future costs were estimated by applying constant infla-
tion rates for healthcare and non-healthcare sectors
derived from the Statistical Centre of Iran [29]. The for-
mula used is:

Table 1 Demographic characteristics of hospitalized patients
with CVDs in Kerman, 2019-2020

Characteristics 2019 2020 Total
Frequency (%) Frequency (%) Frequency
(%)
Age:
60-70 years 3740 (56.32) 2653 (56.45) 6383 (56.37)
71-80years 1853 (27.90) 1298 (27.62) 3151 (27.78)
81-90 years 920 (13.85) 658 (14.00) 1578 (13.91)
> 9] years 128(1.93) 91 (1.94) 219(1.93)
Sex
Male 3316 (49.93) 2508 (53.36) 5824 (51.35)
Female 3325 (50.07) 2192 (46.64) 5517 (48.65)
2019 2020 Total
Mean Mean Mean
Hospital length of 494 512 5.02

stay (per day)
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Average cost in 2030 =Costyr x (1 +1,)"
+ Costy x (1+71,)"

Where n is the number of years, ry, is the healthcare infla-
tion rate, and r, is the general inflation rate,

In addition, Cost,, represents the average medical costs
of the population aged 60 and above with CVDs in 2020,
and CostN is the average non-medical and indirect costs
of the population aged 60 and above with CVDs in 2020.

3. Total cost estimation: We applied the projected aver-
age cost in 2030 to the projected population and CVD
prevalence for that year.

Total cost of population age 60 and above with CVDs
in 2030=average cost in 2030 X population in 2030 x
prevalence of CVDs among this group in 2030.

Data manipulation and analysis

Before analysis, missing data from hospitals and surveys
were reviewed and removed. Descriptive statistics were
calculated for demographic and cost data. All analyses
were performed using STATA version 17.0 and Excel.

Results

Patient characteristics

Data from a total of 11,341 CVD patients were included
in our study, conducted between 2019 and 2020, with
51.35% of the patients being male. The average hos-
pital length of stay was 5.02 days, ranging from 4.83 to
5.20 days. The majority of patients (56.37%) were aged
between 60 and 70 years. Table 1 presents the demo-
graphic distribution of the CVD patients. Most of the
individuals who participated in the interviews were
female (53%), aged between 60 and 70 (58%), and resid-
ing in Kerman province (93%). Additionally, 44% were
housekeepers, 99% had basic health insurance, 53% had
complementary health insurance, and 80% had one care-
giver (see Additional file 2).

In 2020, the estimated annual total costs for
elderly patients with CVDs in Iran amounted to US$
1,885,091,171.7 (approximately US$ 1.89 billion). Of
this, direct medical costs represented 90.62% (US$
1,708,248,063.0), totaling around US$ 1.71 billion.
Among these direct medical costs, annual ambulatory
care costs contributed 54.72% (US$ 934,827,866.7 or
approximately US$ 934.83 million), while annual hospi-
talization costs accounted for 45.28% (US$ 773,420,196.3
or approximately US$ 773.42 million) (Table 2).

The total non-medical costs, which made up only
2.28% (US$ 42,956,952.3 or around US$ 42.96 million)
of the total, were primarily driven by food expenses
(48.37%). Total productivity losses were estimated at US$
133,886,156.4 or around 133.89 million, with 99.2% of
this attributed to caregivers’ lost productivity (Table 2).
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Table 2 Direct medical, direct non-medical, and indirect costs of Iranian elderly patients with CVDs in 2020

Cost category

Annual average costs (US$) Annual total costs (US$) Percentage of total costs

Direct medical costs

Hospitalization Materials and Consumables 304
Surgery 392
Lab Test, Diagnostic Test and Radiology 6.1
Medication 19.2
Hospital Stay and Daily Bed 88.1
Subtotal 183.1
Ambulatory care Visit 26
Rehabilitation 207.7
Lab test, diagnostic test and radiology 5.4
Medication 55
Subtotal 2213
Total direct medical costs 404.3
Direct non-medical costs
Transportation 1.2
Food 49
Accommodation 0.6
Other non-medical costs 35
Total direct non-medical costs 10.2
Indirect costs
Patient’s productivity loss 03
Caregivers' productivity loss 314
Total indirect costs 317
Total 446.2

128,619,523.0
165,583,619.5
25,737,505.0
81,056,772.7
372,422,776.0
773,420,196.3
11,020,130.0
877,704,534.4
22,737,736.7
23,365,465.6
934,827,866.7
1,708,248,063.0 90.62
4,882,193.8

20,777,042.1

2,614,595.8

14,683,120.6

42,956,952.3 2.28

1,107,303.0

132,778,853.4

133,886,156.4 7.10
1,885,091,171.7 100

On average, the annual cost of CVDs per elderly patient
in Iran was US$ 446.2, of which US$ 404.3 was for direct
medical expenses. Direct non-medical costs averaged
US$ 10.2, and indirect costs, primarily related to produc-
tivity losses, averaged US$ 31.7 (Table 2).

Sensitivity analysis

The tornado diagram illustrates the most influential cost
components affecting the total average costs associated
with CVDs among the elderly population in Iran (Fig. 1).
The average costs of CVDs are most sensitive to fluctua-
tions in rehabilitation and hospital stay costs, while they
exhibit the least sensitivity to variations in patient pro-
ductivity loss and accommodation costs.

Figure 2 displays the findings of a two-way sensitivity
analysis examining the prevalence rate of CVDs and the
size of elderly population. We considered a 20% variation
in both parameters, resulting in an estimated cost range
from US$1.2 billion dollars to US$2.7 billion.

Prediction of economic burden of CVDs in 2030

Table 3 presents the predicted cost of CVDs in Iran for
the elderly population in 2030. The average cost per indi-
vidual aged 60 and above with CVDs is estimated to be
US$ 3,285.2, with the total cost for this group expected to
reach US$ 21 billion in 2030.

Discussion

This study estimated the economic burden of CVDs
among elderly patients aged 60 and above in Iran in 2020,
employing a bottom-up micro-costing approach. The
results indicate that CVDs impose a substantial finan-
cial burden on the health system and society, with direct
medical costs comprising the majority of the total costs.
This study is the first to provide a societal perspective
estimate of the economic burden of CVDs among the
elderly in Iran, accounting for both public and private
sectors. These data are crucial for informing health policy
decisions regarding resource allocation for CVDs man-
agement in Iran.

Our findings revealed that direct medical costs
accounted for 90.62% of total costs, with 54.72% attrib-
uted to ambulatory care costs, including visits, rehabili-
tation, medications, and paraclinical costs. This result
aligns with another study conducted in Iran by Sheikh-
gholami et al. [30], which estimated the economic costs
of patients with acute coronary syndrome. However, it
diverges from the findings of Darba et al. (2020), which
indicated that direct costs constituted only 56% of total
costs [23]. This discrepancy can be explained by the
demographic characteristics of our participants, who
were predominantly elderly individuals aged 60 and
above. Most of these participants were retired, resulting
in minimal productivity losses.
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Fig. 1 Tornado diagram of one-way sensitivity analysis of the cost components

Our study also demonstrated that ambulatory care
costs were higher than hospitalization costs, attributable
to specific CVD interventions such as angioplasty, stent-
ing, pacemaker implantation and rehabilitation, which
are typically conducted on an ambulatory basis [31-33].
Cardiac rehabilitation, a non-pharmacological treatment
essential for patients with CVDs, can enhance physical
function, reduce their risk of complications, and improve
quality of life. While cardiac rehabilitation is considered
cost-effective in many countries, it remains underuti-
lized [34]. In fact, patients in 55% of countries face out-
of-pocket expenses for some or all rehabilitation services
[35]. The participants in our study often had to travel
significant distances to access these services, leading to
increased financial burdens. This study primarily consid-
ered productivity losses for patient caregivers and a small
group of individuals aged 60 and above who continued
to work post-retirement (13.5% of all individuals aged 60
and above). In Iran, as in many countries [25], the typical
retirement age is 60 or after 30 years of service. Global
retirement ages vary, with Libya having the highest at 70
and Sri Lanka the lowest at 55 [25]. Notably, a portion
of the elderly population in Iran continues to work due
to financial constraints [36]. Despite accounting for pro-
ductivity losses among working elders, the proportion of
indirect costs, particularly those related to absenteeism,
was smaller than in other economic burden studies. For

instance, indirect costs accounted for approximately 10%
of the total costs in Poland and 15% in Brazil [19].

The results indicate that the total costs of CVDs for
the elderly in 2020 amounted to US$ 1.8 billion, repre-
senting 1.27% of the GDP and 21.93% of total health
expenditure in Iran (as of 2021). Additionally, the aver-
age cost per individual with CVDs was estimated at US$
446.2, constituting 26.33% of GDP per capita in 2021.
This underscores the significant public health and eco-
nomic challenge CVDs present for Iran, particularly for
its aging population. Similar findings have been reported
in various countries; for example, the percentage of GDP
associated with CVDs was 1.78% in Serbia [37], 2.8% in
Russia [38], 1.89% in Poland [18], and 2% in the European
Union countries [39]. Given the substantial costs associ-
ated with CVDs, it is not surprising that they consume
a significant portion of Iran’s GDP and health expendi-
ture, potentially limiting resources available for address-
ing other health issues. This situation may exacerbate the
challenges faced by patients who cannot afford out-of-
pocket medical expenses, leading to a broader cost-of-
living crisis.

According to the GBD Study 2019, the age-standard-
ized prevalence of CVDs in Iran was 9,117.9 cases per
100,000 people, surpassing the global average of 6,459.6
cases per 100,000 people [2]. However, the prevalence of
CVDs varies significantly by age, with the highest rates
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Fig.2 Two-way sensitivity analysis on CVDs prevalence rate and elderly population size

among the elderly population (aged 60 and above) and
the lowest among younger individuals (under 50 years). A
study by Saki et al. (2022) reported a prevalence of 22.5%
for individuals under 55 and 52% for those over 55 in Iran
[11]. These data emphasize the substantial impact of the
aging population on CVDs management policies. As peo-
ple age, their likelihood of developing CVDs increases,
leading to greater healthcare utilization and a significant
economic burden on the health system.

The sensitivity analysis indicated that rehabilitation
and hospital stay costs are significant factors affecting the
average total cost of CVDs, although their overall impact
is relatively small, accounting for less than 9% of the total
average cost. Additionally, findings from the two-way
sensitivity analysis demonstrated that a 20% change in
both the prevalence of CVDs and the population size of
individuals aged 60 and above could lead to significant
cost fluctuations ranging from —35 to 46%.

Predictions regarding the economic burden of CVDs
among individuals aged 60 and above in Iran suggest that
by 2030, total costs are expected to rise 11-fold, reaching
approximately US$ 21 billion. This trend underscores the
urgent need for implementing effective and cost-effec-
tive interventions to prevent the onset of CVDs among

middle-aged and younger populations, who are at risk of
developing these conditions in the future, thereby miti-
gating associated costs. Proposed interventions include
promoting physical activity, moderating alcohol intake
[40], reducing salt consumption [41], and clinically man-
aging hypertension [42], diabetes [43], and dyslipidemia
[44].

Our data can guide CVD management policies by
identifying areas for cost reduction, such as rehabilita-
tion programs, making clinical care more affordable for
patients and enabling policymakers to allocate resources
more efficiently. Furthermore, implementing preventive
strategies, including hypertension and diabetes man-
agement and expanding health insurance coverage for
elderly patients, can significantly diminish the long-term
economic burden of CVDs.

This study has several limitations. Firstly, we did not
differentiate between types of CVDs, such as CAD and
ischemic heart diseases, which may incur different costs.
Consequently, our results may under- or over-estimate
the economic burden of specific CVDs among Iran’s
elderly population. Secondly, our data were collected
exclusively from one city in Iran, encompassing various
sources, including retrospective hospital records and



Tasavon Gholamhoseini et al. BMC Health Services Research

Table 3 Prediction of the forthcoming economic burden of
CVDs among the population aged 60 years and above in 2030

Variable Value Source

Population aged 60 and above in 13,260,000 Calculated

Iran in 2030 using data from
United Nations
Population [24]

Prevalence of CVYDs among 0483 Calculated using

individuals aged 60 and above in data from GBD

Iran in 2030 [2]

Healthcare Inflation Index in Iran  0.22 Calculated using

in 2030 the data from
Statistical Centre
of Iran [29]

General Inflation Index in Iran 0.23 Calculated using

in 2030 the data from
Statistical Centre
of Iran [29]

Direct medical costs of CVDs per  US$ 404.3 Current study

patient in Iran in 2020

Direct non-medical costs and in-  US$41.9 Current study

direct costs of CVDs per patient

inlranin 2020

Total costs of CVDs per patientin - USS 446.2 Current study

Iran in 2020

Total costs of CVDs per patientin  USS$ 3,285.2 Calculated

Iran in 2030

Total costs of CVDs for the uss$ Calculated

population aged 60 and above  21,040,423,581.4

in Iran in 2030

face-to-face interviews. Despite this geographical limita-
tion, the city’s extensive range of services and accessibil-
ity for nearby residents strengthen its representativeness
of Iran’s healthcare landscape. This representation may
alleviate concerns regarding the generalizability and
applicability of our findings. Thirdly, our analysis did not
account for presenteeism when calculating productivity
loss. Additionally, potential recall biases could arise from
interviews conducted with companions of the elderly
people, despite our efforts to ensure that we interviewed
those most knowledgeable about the elder’s health and
care. To address these limitations, we performed sensitiv-
ity analyses to assess the impact of different cost compo-
nents on the average and total costs of CVDs.

Conclusions

This study demonstrates that CVDs among the elderly
impose a significant financial burden on Iran’s health sys-
tem and society. The majority of these costs stem from
direct medical expenses, including rehabilitation and
hospitalization. Our data also indicate that CVDs costs
constitute a considerable portion of health expenditure
per capita and GDP per capita, suggesting reduced fund-
ing for other health issues. Given the high costs associ-
ated with CVDs, there is an urgent need for effective and
cost-effective interventions to prevent their onset among
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middle-aged and younger populations. Furthermore, reg-
ular monitoring of individuals and investment in preven-
tion programs can substantially mitigate these high costs.
The projected increase in total costs by 2030 further
underscores this necessity. These data can inform health
policy decisions and resource allocation for CVDs man-
agement in Iran, highlighting the importance of increas-
ing subsidies for affected patients.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512913-024-11808-0.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements

We extend our sincere thanks to the Elderly Health Department of the
Ministry of Health and Medical Education of Iran for their invaluable support
and funding of our research project. We are also grateful to Dr. Vahidreza
Borhaninejad for his invaluable assistance in facilitating the data collection
process. The authors express their gratitude to all the participants who
voluntarily devoted their time and contributed to the interviews.

Authors’ contributions

Conceptualization: Mohammad Tasavon Gholamhoseini, Vahid Yazdi-
Feyzabadi, Reza Goudarzi; Data Collection: Mohammad Tasavon
Gholamhoseini, Sepideh Arjomand Kermani; Formal analysis: Mohammad
Tasavon Gholamhoseini, Sepideh Arjomand Kermani, Vahid Yazdi-Feyzabadi,
Reza Goudarzi; Visualization: Mohammad Tasavon Gholamhoseini,

Sepideh Arjomand Kermani; Writing - Original Draft: Mohammad Tasavon
Gholamhoseini; Writing - Review & Editing: all authors.

Funding
This study was funded by the Elderly Health Department of the Ministry of
Health and Medical Education of Iran (No. 401000175).

Data availability
The datasets utilized and/or examined in the present study can be obtained
from the corresponding author upon a reasonable request.

Declarations

Ethics approval and consent to participate

This study received ethical approval (IRKMU.REC.1401.191) from the ethical
committee of Kerman University of Medical Sciences. All participants provided
informed consent prior to participating in the interview, and received a
comprehensive explanation of the study’s objectives. Participation was
entirely voluntary, and individuals were free to withdraw at any time. All data
were collected and analyzed with the utmost attention to accuracy and
integrity.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 July 2024 / Accepted: 21 October 2024
Published online: 06 November 2024


https://doi.org/10.1186/s12913-024-11808-0
https://doi.org/10.1186/s12913-024-11808-0

Tasavon Gholamhoseini et al. BMC Health Services Research

References

1.

2.

20.

22.

World Health Organization: Cardiovascular diseases (CVDs). 2021. https://ww
w.who.nt/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds).
Global Burden of Disease Collaborative Network: Global Burden of Disease
Study 2019. (GBD 2019) Results. Seattle, United States: Institute for Health
Metrics and Evaluation (IHME), 2020. https://vizhub.healthdata.org/gbd-result
s/.

Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth GA. The Global Burden
of Cardiovascular diseases and Risk: a compass for Future Health. J Am Coll
Cardiol. 2022;80(25):2361-71.

Alwan A, Maclean DR. A review of non-communicable disease in low- and
middle-income countries. Int Health. 2009;1(1):3-9.

GBD 2013 Mortality and Causes of Death Collaborators. Global, regional,

and national age-sex specific all-cause and cause-specific mortality for 240
causes of death, 1990-2013: a systematic analysis for the global burden of
Disease Study 2013. Lancet. 2015;385(9963):117-71.

Bovet P, Paccaud F. Cardiovascular Disease and the Changing Face of Global
Public Health: a Focus on Low and Middle Income Countries. Public Health
Rev.2011;33(2):397-415.

Naghavi MAA, Abbafati C, Abbas KM, Abd-Allah F, Abera SF, Aboyans V,
Adetokunboh O, Afshin A, Agrawal A, Ahmadi A. Global, regional, and
national age-sex specific mortality for 264 causes of death, 1980-2016: a
systematic analysis for the global burden of Disease Study 2016. Lancet.
2017,390(10100):1151-210.

Hatmi ZN, Tahvildari S, Gafarzadeh Motlag A, Sabouri Kashani A. Prevalence
of coronary artery disease risk factors in Iran: a population based survey. BMC
Cardiovasc Disord. 2007;7(1):32.

Sarrafzadegan N, Mohammmadifard N. Cardiovascular Disease in Iran in the
last 40 years: Prevalence, Mortality, Morbidity, challenges and Strategies for
Cardiovascular Prevention. Arch Iran Med. 2019;22(4):204-10.

Rodgers JL, Jones J, Bolleddu S, Vanthenapalli S, Rodgers LE, Shah K, Karia

K, Panguluri SK. Cardiovascular Risks Associated with Gender and Aging. J
Cardiovasc Dev Dis 2019,6(2):19.

Saki N, Karandish M, Cheraghian B, Heybar H, Hashemi SJ, Azhdari M. Preva-
lence of cardiovascular diseases and associated factors among adults from
southwest Iran: baseline data from Hoveyzeh Cohort Study. BMC Cardiovasc
Disord. 2022;22(1):309.

Doshmangir L, Khabiri R, Gordeev VS. Policies to address the impact of an
ageing population in Iran. Lancet. 2023;401(10382):1078.

Ciumdrnean L, Milaciu MV, Negrean V, Ordsan OH, Vesa SC, Séldgean O, llut S,
Vlaicu SI. Cardiovascular Risk Factors and Physical Activity for the Preven-
tion of Cardiovascular Diseases in the Elderly. Int J Environ Res Public Health
2021;19(1):207.

Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, Baker-
Smith CM, Barone Gibbs B, Beaton AZ, Boehme AK, et al. 2024 Heart Disease
and Stroke statistics: a report of US and Global Data from the American Heart
Association. Circulation. 2024;149(8).e347-913.

Centers for Disease Control and Prevention: Heart Disease Facts. 2024. https:/
/www.cdc.gov/heart-disease/data-research/facts-stats/index.html.

World Heart Federation: White Paper For Circulatory Health. 2018. https://wor
|d-heart-federation.org/wp-content/uploads/2018/11/White-Paper-for-Circul
atory-Health.pdf.

AlipourV, Zandian H, Yazdi-Feyzabadi V, Avesta L, Moghadam TZ. Economic
burden of cardiovascular diseases before and after Iran’s health transforma-
tion plan: evidence from a referral hospital of Iran. Cost Eff Resource Alloca-
tion. 2021;19(1):1.

Mela A, Rdzanek E, Poniatowski A, Jaroszyrski J, Furtak-Niczyporuk M,
Gatazka-Sobotka M, Olejniczak D, Niewada M, Staniszewska A. Economic
Costs of Cardiovascular Diseases in Poland Estimates for 2015-2017 Years.
Front Pharmacol. 2020;11:1231.

Siqueira ASE, Siqueira-Filho AG, Land MGP. Analysis of the Economic Impact
of Cardiovascular diseases in the last five years in Brazil. Arq Bras Cardiol.
2017;109(1):39-46.

Aidoud A, Gana W, Poitau F, Debacq C, Leroy V, Nkodo JA, Poupin P, Angoul-
vant D, Fougeére B. High prevalence of geriatric conditions among older
adults with Cardiovascular Disease. J Am Heart Assoc. 2023;12(2):2026850.
O'grady Mj B, Dm C, JI H, Ec K, Eb M, Wg. Miller Wd, schoen C: Medical Care
Economic Risk: Measuring Financial vulnerability from spending on Medical
Care. Washington (DC): National Academies Press (US); 2013.

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ,
Himmelfarb CD, Khera A, Lloyd-Jones D, McEvoy JW, et al. 2019 ACC/AHA
Guideline on the primary Prevention of Cardiovascular Disease: executive

(2024) 24:1355

23.

24.
25.

26.

27.
28.
29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 9 of 9

summary: a report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice guidelines. J Am Coll Cardiol.
2019;74(10):1376-414.

Darba S, Safaei N, Mahboub-Ahari A, Nosratnejad S, Alizadeh G, Ameri H,
Yousefi M. Direct and indirect costs Associated with Coronary Artery (Heart)
Disease in Tabriz, Iran. Risk Manag Healthc Policy. 2020;13:969-78.

United Nations Population: World Population Prospects. 2022. https://popula
tion.un.org/wpp/.

World Population Review: Retirement Age by Country. 2018. https://worldpo
pulationreview.com/country-rankings/retirement-age-by-country.
Saberzadeh V, Emamgholipour Sefiddashti S, Safaei Lari M. Examining

active aging among Iranian provinces: a TOPSIS analysis. BMC Public Health.
2022;22(1):764.

Central Bank of Iran (CBI): CPl and Inflation. 2020. https://www.cbi.ir/Inflation/
Inflation_en.aspx.

World Bank: Exchange rate. 2024. https://data.worldbank.org/country/iran-is|
amic-rep.

Statistical Centre of Iran: Consumer price index (CPI). 2020. https://amar.org.ir
/.

Sheikhgholami S, Ebadifardazar F, Rezapoor A, Tajdini M, Salarifar M. Social
and economic costs and health-related quality of life in patients with Acute
Coronary Syndrome. Value Health Reg Issues. 2021;24:123-9.

Babu AS, Lopez-Jimenez F, Thomas RJ, Isaranuwatchai W, Herdy AH, Hoch JS,
Grace SL. In conjunction with the International Council of Cardiovascular P,
Rehabilitation: advocacy for outpatient cardiac rehabilitation globally. BMC
Health Serv Res. 2016;16(1):471.

Lyhne CN, Bjerrum M, Riis AH, Jargensen MJ. Interventions to prevent poten-
tially avoidable hospitalizations: a mixed methods systematic review. Front
Public Health. 2022;10:898359.

Li K, Kalwani Neil M, Heidenreich Paul A, Fearon William F. Elective percutane-
ous coronary intervention in ambulatory surgery centers. JACC: Cardiovasc
Interventions. 2021;14(3):292-300.

Shields GE, Wells A, Doherty P, Heagerty A, Buck D, Davies LM. Cost-
effectiveness of cardiac rehabilitation: a systematic review. Heart.
2018;104(17):1403-10.

Moghei M, Turk-Adawi K, Isaranuwatchai W, Sarrafzadegan N, Oh P, Chessex C,
Grace SL. Cardiac rehabilitation costs. Int J Cardiol. 2017,244:322-8.

Homaie Rad E, Rashidian A, Arab M, Souri A. The Effect of Catastrophic
Health expenditure on Work after Retirement. Int J Aging Hum Dev.
2016;84(3):313-23.

Laki¢ D, Tasi¢ L, Kos M. Economic burden of cardiovascular diseases in Serbia.
Vojnosanit Pregl. 2014;71(2):137-43.

Kontsevaya A, Kalinina A, Oganov R. Economic Burden of Cardiovascular Dis-
eases in the Russian Federation. Value Health Reg Issues. 2013;2(2):199-204.
Luengo-Fernandez R, Walli-Attaei M, Gray A, Torbica A, Maggioni AP, Huculeci
R, Bairami F, Aboyans V, Timmis AD, Vardas P, Leal J. Economic burden of car-
diovascular diseases in the European Union: a population-based cost study.
Eur Heart J. 2023;44(45):4752-67.

ColpaniV, Baena CP, Jaspers L, van Dijk GM, Farajzadegan Z, Dhana K, Tiele-
mans MJ, Voortman T, Freak-Poli R, Veloso GGV, et al. Lifestyle factors, cardio-
vascular disease and all-cause mortality in middle-aged and elderly women:
a systematic review and meta-analysis. Eur J Epidemiol. 2018;33(9):831-45.
Wang YJ, Yeh TL, Shih MC, Tu YK, Chien KL. Dietary Sodium Intake and Risk

of Cardiovascular Disease: a Systematic Review and Dose-Response Meta-
Analysis. Nutrients. 2020;12(10):2934.

Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, Chalm-
ers J, Rodgers A, Rahimi K. Blood pressure lowering for prevention of cardio-
vascular disease and death: a systematic review and meta-analysis. Lancet.
2016;387(10022):957-67.

Gaitd D, Mosteoru S, Sperling L. Diabetes Management - Lowering Cardiovas-
cular Risk. Eur Cardiol. 2014;9(1):7-9.

Thongtang N, Sukmawan R, Llanes EJB, Lee Z-V. Dyslipidemia management
for primary prevention of cardiovascular events: best in-clinic practices. Prev
Med Rep. 2022,27:101819.

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


https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
https://world-heart-federation.org/wp-content/uploads/2018/11/White-Paper-for-Circulatory-Health.pdf
https://world-heart-federation.org/wp-content/uploads/2018/11/White-Paper-for-Circulatory-Health.pdf
https://world-heart-federation.org/wp-content/uploads/2018/11/White-Paper-for-Circulatory-Health.pdf
https://population.un.org/wpp/
https://population.un.org/wpp/
https://worldpopulationreview.com/country-rankings/retirement-age-by-country
https://worldpopulationreview.com/country-rankings/retirement-age-by-country
https://www.cbi.ir/Inflation/Inflation_en.aspx
https://www.cbi.ir/Inflation/Inflation_en.aspx
https://data.worldbank.org/country/iran-islamic-rep
https://data.worldbank.org/country/iran-islamic-rep
https://amar.org.ir/
https://amar.org.ir/

	﻿Economic burden of cardiovascular diseases among elderly patients in Iran: a case from a developing country
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Study population
	﻿Data sources
	﻿Cost estimation
	﻿Medical costs
	﻿Non-medical costs
	﻿Indirect costs
	﻿Sensitivity analysis
	﻿Estimating the future economic burden of CVDs
	﻿Data manipulation and analysis

	﻿Results
	﻿Patient characteristics



