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A B S T R A C T

Background: CVDs are the first cause of death globally. About 50% of annual deaths are 
related to this group of diseases in Iran; however, the economic cost of CVD on Iranian 
society has not been conducted.
Objectives: The aim of this study was to estimate the economic burden of CVDs in the 
southwest of Iran in 2016 from the social perspective.
Materials and Methods: This study is a cross-sectional descriptive-analytic study 
conducted using the cost of illness (COI) framework. The prevalence top-down method 
was used to quantify the annual cardiovascular costs. Productivity losses were estimated 
using the human capital approach and the friction cost method, with the discount rate 
of 3% to convert all future lifetime earnings into the present value.
Results: In 2016, the average total cost per patient was $1881.4 and the total costs resulted 
in 1159.62 $million. Direct costs accounted for 60% and indirect costs for 40% of the total 
costs. The results were robust to a 20% change in the average unit price of all medical and 
non- medical direct costs and to discount rate of 2% and 10%.
Conclusions: The total cardiovascular disease costs in 2016 represented approximately 
6.7% of the Iran gross domestic product. The results of this study would be of special help 
for policymakers to evaluate the cost-effectiveness and outcomes of health care programs 
to allocate health care resources efficiently. Primordial Prevention of CVD including 
lifestyle modifications and dietary interventions resulted in substantial financial savings 
and is strongly recommended.
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1. Background
Chronic diseases are closely related to the individuals’ 

lifestyle. Chronic diseases which are also known as Non-
communicable Diseases (NCDs) are the main important 
cause of mortality and burden of disease worldwide (1). 
Some primarily major risk factors, including tobacco 
use, physical inactivity, the harmful use of alcohol and 
unhealthy diets, lead to an increase in NCDs (2). Low-and 
middle-income countries account for about three quarters 
of all NCD deaths (3). Moreover, about 82% of the 16 
million people who died prematurely before reaching 70 
years of age occur in low-and middle-income countries (3). 
Cardiovascular diseases (CVDs) are the number 1 cause 
of death globally (4). CVDs are responsible for about 17.5 
million deaths in 2012. Also, the number of people, who 

die from CVDs, mainly from heart disease and stroke, will 
increase to reach 23.3 million by 2030. CVDs are projected 
to remain the single leading cause of death (5).

About 80% of CVD deaths take place in low- and middle-
income countries and occur almost equally in men and 
women (5). One reason is that people in low- and middle-
income countries are more exposed to risk factors such as 
tobacco, which lead to CVDs and other non-communicable 
diseases. At the same time, they often do not have the 
benefit of prevention programs compared to people in 
high-income countries. Also, they have less access to 
effective and equitable health care services which meet 
their needs. As a result, many people in low-and middle-
income countries die younger from CVDs and other non-
communicable diseases, often in their most productive years 
(5). There is sufficient evidence to prove that CVDs and 
other non-communicable diseases can make the household 
experience poverty due to catastrophic health spending 
and out of pocket expenditure (6). Non-communicable 
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disease including cardiovascular disease and diabetes are 
estimated to reduce GDP by up to 6.77% in low-and middle-
income countries experiencing rapid economic growth, 
as many people die prematurely (4). Also, these diseases 
cause a reduction in labor efficiency since the patients and 
their caregivers tend to absenteeism or poor performance 
during working time (7). In Iran, cardiovascular diseases 
are the number 1 cause of mortality in Iran (8). About 50% 
of annual deaths are related to this group of diseases, of 
which more than 19% are due to heart attacks (8). However, 
CVDs can be prevented by addressing the risk factors 
such as tobacco use, unhealthy diet and obesity, physical 
inactivity, high blood pressure, diabetes, and raised lipids 
(6). Cost-of-illness studies measure the economic burden 
of a disease or diseases and estimate the maximum amount 
that could potentially be saved or gained if a disease were 
to be eradicated (9). Since cost-of-illness studies can show 
the financial impact of a disease on public programs, these 
studies are usually considered by the federal government 
and other specific stakeholders (3-5). For employers, those 
studies can show which diseases have an especially large 
effect on their costs (6, 7). Moreover, cost-of-illness studies 
provide the researchers with necessary information for cost-
effectiveness analyses (10).

2. Objectives
Thus, in this study we aimed to estimate the costs 

of coronary heart disease (I25) in governmental and 
educational hospitals in the southwest of Iran, to estimate 
the economic burden of cardiovascular diseases in the 
southwest of Iran.

3. Materials and Methods
This study was conducted with the cross-sectional view of 

the costs. The basic approach in the cross-sectional view is 
that of prevalence. Thus, we used the method of prevalence 
to estimate the economic burden of coronary heart disease 
in 2016. By prevalence approach, we measured all medical 
care and morbidity costs for coronary heart disease within 
the study year. The mortality and permanent disability costs 
are calculated differently from the other costs. Discounted 
mortality and permanent disability costs are calculated 
for all patients who die or become permanently disabled 
in the study year for all years until the expected age of 
death (11, 12).

The economic burden of coronary heart disease (I25) was 
estimated based on the cost-of-illness (COI) method. A 
comprehensive cost-of-illness study includes both direct 
and indirect costs. Direct costs measure the opportunity 
cost of the resources used for treating a particular illness, 
whereas indirect costs measure the value of the resources 
lost due to a particular illness (8).

It should be mentioned that we ignored intangible costs of 
pain and suffering. This category of costs is often omitted 
because of the difficulty quantifying it in monetary terms 
accurately. The focus is often on direct financial costs 
because non-monetary costs can be difficult to capture (8, 
12, 13).

Note that not only a disease can generate costs for 
patients and his or her family, but also it can produce 

costs for government, employers, insurance companies, 
and other members of the society. Therefore, to achieve a 
comprehensive analysis, this study was performed from 
the societal perspective including all direct medical and 
indirect costs for all members of the society. Key elements 
of the method for evaluating the economic burden of CVDs 
are as follows:

3.1. Calculating the Sample Size
This study is a descriptive survey which does not test a 

hypothesis. In other words, this survey aims to describe the 
characteristics of a single group to reflect the real figure, 
such as a mean or a proportion, in the wider population. 
Therefore, we used simple random sampling. We worked 
through the following formula to determine an appropriate 
sample size, where d denotes the error and is considered 
as 0.1. The variance obtained from the previous studies is 
equal to 0.26. The value of z, given that α = 0.05, was set 
to 1.96.

Thus, 100 patients were asked by a comprehensive 
self-administered questionnaire which was designed 
in accordance with the objectives of the study. The 
questionnaire consisted of several parts including 
demographic characteristics, direct medical costs, direct 
non-medical costs, and indirect costs. In addition to the 
questionnaire, hospital bills for outpatient and inpatient 
costs of the interviewed patients were reviewed. The 
information was collected from the governmental hospitals 
in Ahwaz, given that most of the patients in the surrounding 
cities are referred to this city for treatment. All analyses 
were performed, using SPSS, version (14).

3.2. Direct Costs
To quantify the direct costs, we measured total direct 

costs containing the costs of the resources used. Direct 
costs of the disease consist of two parts: direct medical 
costs and direct non-medical costs. Direct medical costs 
include those of hospital inpatient, physician outpatient, 
emergency department outpatient, ambulance, nursing 
home care, rehabilitation care, specialists and other health 
professionals cares, diagnostic tests, prescription drugs, and 
medical supplies. To obtain more accurate estimates, we 
measured the payments made by the insurance and direct 
payments by the patients obtained from the hospitalization 
and outpatient bills (15, 16).

Non-medical direct costs contain the portion of direct 
payments by the patient and his family in order to receive the 
services. Non-medical direct costs include transportation 
costs to receive health care from the service providers, 
relocation expenses, complementary or alternative 
therapies, domestic help, and costs of making changes 
to one’s diet, house, car, special equipment, travelling 
and accommodation, communication, mobile, telephone, 
housekeeping, and childcare or related items (15, 16). The 
patients were asked about these costs and their frequency; 
the responses were then recorded. Also, the weighted 
average of non-medical direct costs was calculated using 
formula Ι.

                    
(Ι)
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3.3. Indirect Costs 
Indirect costs include the loss of resources due to morbidity 

and mortality, which inherently places a monetary value on 
the value of life. Indirect costs represent the Productivity 
Lost due to the illness. They include mortality costs, 
morbidity costs due to absenteeism, and presenteeism. We 
used human capital approach to measure the indirect costs. 
The human capital method estimates production losses 
based on the remaining expected lifetime earnings for the 
individual. For mortality or permanent disability costs, the 
approach multiplies the earnings lost at each age by the 
probability of living to that age. The earnings in future years 
are discounted and often a one percent real annual growth 
rate in earnings is assumed (13, 17). The indirect costs due 
to mortality was estimated using formula ΙΙ.

  
(ΙΙ)

Where y, c and g are Average Gross Domestic Production 
Per Capita (GDP Per Capita), Average Private Consumption 
Expenditure Per Capita, and the Average Rate of Iran 
Economic Growth, respectively, in the last 30 years. Also, n 
represents the number of years lost due to premature death. 
We used DALYs lost due to coronary heart disease as the 
average number of years lost due to premature death per 
patient, and r is the discount rate. In this study, according 
to the World Bank in 2014, Life Expectancy (LE) for both 
sexes in Iran is 74.07 years.

Since using the human capital approach (HCA) to estimate 
the production loss leads to overestimation of the indirect 
costs, the friction cost approach (FCA) was used to adjust 
these costs. The friction cost method measures only the 
production losses during the time it takes to replace a 
worker (18-20). This approach assumes that short-term 
work losses can be made up by an employee and the loss 
of an employee only results in costs imposed on the system 
during the time taken for a new employee to be hired and 
trained, which is known as the friction period, the time 
between the start of absence from work and replacement, 
that is estimated to be about 90 days (21). The friction period 
adjusted productivity loss was calculated by multiplying 
the unadjusted productivity loss, obtained as described 
above, by the friction period (90 days) and then dividing 
this product by the average duration of work incapacity 
that is calculated in this study for the CHD patients. The 
average days absent from work by the employed people 
with CHD was estimated about 119.35 days. By the friction 
cost approach, we adjusted the results of the human capital 
method using formula ΙΙΙ.

                 (ΙΙΙ)

FCA approach led to reduction of the values of productivity 
loss by 75.4% of the human capital approach in this study.

To estimate the indirect costs due to morbidity, we valued 
the days lost from work due to illness and also days of 
unpaid care and nursing by family or friends of the person 
receiving care. The indirect cost due to morbidity was 
estimated using formula ΙΙΙΙ.

        (ΙΙΙΙ)

Where u̅1, u̅2, W, Wmin, represent the average number of days 
lost from work per patient, average number of days of unpaid 
care and nursing, average daily earnings and daily minimum 
wage rate, respectively. Also, N represents the number of 
patients with cardiovascular disease in Khuzestan Province.

3.4. Discounting
A discount rate is used to convert the future income or a 

cost stream into its present value. Choosing an appropriate 
discount rate depends on some factors specific to the 
country such as positive time preference, inflation, and 
productivity growth. A 3% discount rate is mostly common. 
We also used 5% discount rate to observe the effect of 
changing the discount rate on the total cost.

3.5. Sensitivity Analysis
Sensitivity analysis is recommended whenever there is 

uncertainty (22). Cost-of-illness studies rely on estimates 
with varying degrees of uncertainty and they should 
examine and vary the assumptions made to determine the 
range of possible values the costs of illness can take. We 
performed one-way sensitivity analyses to examine the 
strength of the results. For this purpose, we focused on 
variables considered to have a significant impact on the 
total cost in this study. We assessed the changes in the 
estimated total cost of CVD, resulting from a 20% change in 
the average unit price of all medical and non-medical direct 
costs. To examine the robustness of the indirect costs, we 
used the discount rates of 3% and 5%. All analyses were 
performed using the Microsoft Excel 2010.

4. Results
The mean age of the patients in this study was 53. Women 

were diagnosed more often with CVD than men (54% vs. 
46%). 64% of the patients lived in urban areas and 36% 
resided in rural areas.

4.1. Direct Costs
The total direct costs of CVD in 2009 were $693.57 million, 

of which 61% ($ 424.23 million) were direct medical costs 
and 39% ($269.33 million) direct non-medical costs. Hospital 
costs and prescription drugs were the main cost categories 
of CVD direct medical costs. (35.4% and 31.9%). Diagnostic 
tests, outpatient care by the physician and nursing accounted 
for 23.03%, 9.1% and 0.48%, respectively. The majority of 
costs attributable to direct non-medical costs were allocated 
on complementary and alternative therapies (38.4%), 
travelling and accommodation (34.3%) (Figures 1 and 2).

4.2. Indirect Costs
In 2016, the indirect costs due to CVD morbidity were 

$693.57 million. The production losses due to mortality 
using human capital approach were $125.7 million, with 
the friction cost method reduced to $94.8 million. The total 
indirect cost due to CVD morbidity and mortality estimated 
by the human capital approach was $497 million. The 
average length of incapacity for all CVD patients was 119.35 
days. Thus, by the friction cost approach, the costs were 
adjusted to 24%. However, after adjustment for friction 
period the estimate reduced to $466 million.
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4.3. Total Costs
In 2016, the average total cost per patient was $1881.4 and 

the total costs resulted in $1159.62 million. Direct costs 
accounted for 59.82% and indirect costs for 40.18% of the 
total costs (Figure 3).

4.3. Sensitivity Analysis
A change of 20% in the average unit price of direct 

medical and non-medical cost produced a variation in the 
baseline estimate of the total cost of ± 4.6% and ± 2.9%, 
respectively. Assessing the robustness of the indirect, the 
discount rate of 5% was applied, resulting in the baseline 
estimate change into 7% (Table 1).

5. Discussion
CVDs impose a heavy burden on the health care system 

and economy of the countries. In 2016, the economic 
burden of CVD per patient was about $1881.4 in Iran. The 
average CVD direct medical costs per patient were over 
$4860. The results of the direct medical costs of CVD 
show that more than 66% of the costs are attributable to 
hospitalization including visits, and diagnostic, nursing 

and surgical procedures, while medication treatment 
represented over 32% of the direct costs. In the majority 
of studies on evaluation of economic burden of CVD, 
hospital costs were the most expensive direct category, 
with the values of 50 66% of the total direct cost, followed 
by pharmaceutical expenditures (18, 23, 24).

The estimated direct non-medical costs of CVD were 
$3085 per patient and more than 40% of the costs were 
attributable to transportation and travelling costs to health 
care providers. About 39% of the costs were attributable 
to complementary or alternative therapies and special 
equipment, while housekeeping and childcare accounted 
for only 1% and 1.1% of the direct non-medical costs, 
respectively.

The estimated total indirect costs of CVD were almost 
$4660 million, with more than 67% attributable to mortality. 
The cost of CVD in EU revealed that almost 70% of the 
indirect costs were attributable to mortality; in some EU 
countries, like Latvia, mortality represented 90.63% of the 
indirect costs (18).

In 2016, the average total cost per patient was $1881.4 and 
the total costs resulted in $1159.62 million. Direct costs 

Figure 1. Medical Direct Cost

Figure 2. Non-medical Direct Cost
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accounted for 60% and indirect costs for 40% of the total 
costs. In a study conducted to estimate the overall cost of 
heart failure across the globe in 2012, direct costs accounted 
for ~60% ($65 billion) and indirect costs for ~40% ($43 
billion) of the overall expenditure (25). Also, in another 
study conducted in the enlarged European Union (EU), of 
the total cost of CVD, 62% were due to healthcare, 21% due 
to productivity losses, and 17% due to informal care (18). 
Bloom et al. (26) in the review article of published cost-of-
illness studies on US populations, estimated that more than 
48% of the total cost was attributable to indirect costs. On 
the contrary, a study conducted in Korea showed that the 
indirect cost in 2004 was USD 387.5 million, 58.8% of the 
total societal cost increased to US$481.5 million (52.4% 
of the total societal cost) in 2009 (27). In addition, studies 
conducted in UK, Canada, Finland and Mexico revealed 
that a much higher percentage (in some cases over 50%) 
of the total cost is attributable to indirect costs (23, 24, 28, 
29). Such a difference could be explained by much lower 
average earning than in the above mentioned, Western 
market economics.

The magnitude of the total costs associated with CVD 
can be best represented as the percentage of gross domestic 
product (GDP). According to our results, the total cost of 
CVD in 2016 comprised approximately 6.7% of the total 
GDP; in 2009, the total CVD cost was 3.37% of the total 
American GDP. On the other hand, results of the study 
conducted in China in 2003 showed that 0.62% of the China 
GDP was attributable to direct costs only (30).

In Iran, women were diagnosed more often with CVD, 
mostly coronary heart disease. Similar results were shown 
in other studies (31, 32) where the prevalence of CVD was 
higher in women. However in South Korea among the 
ACS patients, approximately 60% were male with similar 
proportions of males in each year from 2004 to 2009 (27).

It is essential to make changes in the assumptions, in order 
to determine the ranges of possible values the costs can 
take (33, 34). The one-way sensitivity analysis indicated 
that a change of 20% in the average unit price of direct 
medical and non-medical cost produced a variation in the 
baseline estimate of the total cost of ± 4.6% and ± 2.9%, 
respectively. Assessing the robustness of the indirect, we 
applied the discount rate of 5%, resulting in the baseline 
estimate change into 7%. A similar study conducted in 
Serbia showed that after using sensitivity analysis, the 
volume or cost of hospitalizations and medicines are the 
components which were most likely to affect the estimated 
total cost, but the overall impact was small, less than 6% 
on the total cost estimate (35).

However, this study had several limitations related to 
measuring costs. First, we assumed that all CVD patients 
take measures to treat their disease; with this assumption, 
the estimation of the costs is likely to be exaggerated. On 
the other hand, we assumed all patients refer to public 
services for treatment. It was of particular concern in the 
present study. Because of the lower quality of health care 
services in public sector, patients with more income and 
wealth tend to refer to private sector with better quality 
services and higher expenditures compared to public sector. 
Thus, taking this assumption leads to underestimation of 
the costs in our study.

Second, we were unable to estimate some items such 
as intangible costs related to pain and emotional anxiety 
due to CVD because of data restrictions and objective 
quantification difficulties. By addressing such limitations in 
further research, more accurate and comparable estimation 
of CVD costs could be achieved.

In conclusion, CVD is a leading public health problem 
with considerable economic burden on the society. The total 
costs in 2016 represented approximately 6.7% of the Iran 

Figure 3. Indirect Cost

Table 1. The Total Costs of Cardiovascular Disease
Direct Costs Indirect Costs Total Costs

Medical Nonmedical Morbidity Mortality
Value ($) Percentage of 

total cost (%)
Value ($) Percentage of 

total cost (%)
Value ($) Percentage of 

total cost (%)
Value ($) Percentage of 

total cost (%)
Value ($) Percentage of 

total cost (%)
424.24 36.58 269.33 23.22 371.26 32.01 94.8 8.17 1159.62 100
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GDP. As this study is the first cost of illness (COI) study 
to assess the economic burden of CVD in Iran, the authors 
believe that the results of this study would be of special 
attention for policy makers to evaluate the cost-effectiveness 
and outcomes of health care programs to allocate health 
care resources efficiently. Also in order to reduce medical 
costs and productivity losses on the society, Primordial 
Prevention of CVD including lifestyle modifications and 
dietary interventions resulting in substantial financial 
savings are strongly recommended. The findings of this 
study suggest that further research should be carried out to 
discover the ways to reduce the economic effects of CVD 
on the Iranian population.
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