
Frontiers in Pharmacology | www.frontiers

Edited by:
Ileana Mardare,

Carol Davila University of Medicine and
Pharmacy, Romania

Reviewed by:
Bogdan Ileanu,

Bucharest Academy of Economic
Studies, Romania

Natasa Duborija-Kovacevic,
University of Montenegro, Montenegro

*Correspondence:
Aneta Mela

aneta.mela@gmail.com

Specialty section:
This article was submitted to
Pharmaceutical Medicine and

Outcomes Research,
a section of the journal

Frontiers in Pharmacology

Received: 16 April 2020
Accepted: 28 July 2020

Published: 08 September 2020

Citation:
Mela A, Rdzanek E, Poniatowski ŁA,
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Background: Cardiovascular diseases are associated with growing public and private
expenditure on healthcare regardless geographic region. Therefore, it is necessary to
accurately estimate the overall societal costs—both direct and indirect expenses from the
perspective of patients, caregivers and employers.

Research Design: The aim of this paper is to determine the direct and indirect costs
related to cardiovascular diseases in Poland from 2015 to 2017. All costs are estimated
based on data available in the public domain and obtained from the major Polish
institutions. Indirect costs were calculated using a modified human capital approach.

Results: The financial burden of cardiovascular diseases in Poland is significant. This
study revealed that total costs (direct and indirect) of cardiovascular diseases, for 2015–
2017, range from 34.9 bn PLN (8.2 bn EUR) to over 40.9 bn PLN (9.6 bn EUR). Total direct
cost and indirect costs were approximately 6.1 bn PLN (1.4 bn EUR) (16%) and 31.3 bn
PLN (7.3 bn EUR) (84%), respectively.

Conclusion: Collectively, the estimated direct and indirect cost of cardiovascular
diseases provide a useful input for economic impact assessments of public health
programs and health technology analyses.

Keywords: cardiovascular diseases, direct cost, indirect costs, economic burden, work lost, cost of illness,
health economics
INTRODUCTION

As was stated by World Health Organization (WHO), the four predominant types of NCD are
cardiovascular diseases (CVD) including acute coronary syndrome (ACS) and stroke, cancer and
other neoplasms, chronic respiratory diseases including chronic obstructed pulmonary disease
(COPD) and asthma as well as diabetes mellitus (DM) (World Health Organization. (WHO), 2014;
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Siqueira et al., 2017). Among enlisted entities the CVD were
responsible for the nearly ~37% of deaths below age of 70 years
(World Health Organization. (WHO), 2014). According to the
American Heart Association (AHA) statement the CVD
constitute primary cause of mortality in the United States (US)
affecting in this case 1/3 of adult population with the projection
to increase by 2030 to 40.5% of the population (Calafiero and
Jané-Llopis, 2011; Williams et al., 2018). The data from the
European Society of Cardiology (ESC) and the Fourth Joint Task
Force indicate that CVD, around the year 2000, was the direct
cause of at least 4 million deaths in Europe; including 1.9 million
in the European Union (EU) causing more than 50% of all deaths
across Europe (Heidenreich et al., 2011).

Collectively, taking into consideration vast epidemiological
range, it is not surprising that the CVD due to their associated
long-term detrimental outcomes and equivalent socioeconomic
constitutes substantial global economic burden regardless
geographic region (Mensah and Brown, 2007). The contributing
factors include, but are not limited to, direct costs including
hospitalizations, physician visits, diagnostics, rehabilitation
services, and drugs. As well as, indirect costs associated with
mortality and morbidity including loss of productivity due to
premature mortality, reduced employment, un-employment, and
short or long-term disability (Graham et al., 2007). The estimated
2010 costs of CVD globally covered about 863 bn USD whereas it
is predicted to rise by 22% to 1.044 bn USD by 2030 (Kuehn,
2013). In the US CVD-related direct medical costs and indirect
costs were 273 bn USD and 172 bn USD, respectively with the
prediction to rise to 276 bn USD by 2030 considering indirect
costs (Calafiero and Jané-Llopis, 2011). Regarding the data from
EU the estimated costs of CVD in 2003 was 169 bn EUR (Tarride
et al., 2009).

Taking into account all mentioned clinico-epidemiological
aspects it become essential to accurately estimate the overall
societal costs of CVD, both direct and indirect from points of
view including patients, caregivers and employers (World
Economic Forum, 2011). Precisely, this concern should focus
on the impact of employee health on workplace productivity and
its potential loss which is related with specific health factors
conditions especially among CVD (Leal et al., 2006; Song et al.,
2015). Therefore, the management and prevention of CVD
should become first health priority imposed on governments
and politics regardless geographic area (Milani and Lavie, 2009).

According to the report, Organization for Economic Co-
operation and Development (OECD) and European Observatory
on Health Systems and Policies (EOHSP), in collaboration with
the European Commission in 2017, in Poland the CVD constitute
leading cause of death is responsible for 50 and 40% of all deaths
among women and men (Boles et al., 2004). At the same time, the
probability of death due to CVD in the Polish population is about
60% higher than for the average EU resident (OECD/European
Observatory on Health Systems and Policies, 2017). In recent
decades Poland, as an Eastern Europe country experienced rapid
socioeconomic transitions, which resulted in considerable changes
in the distribution of leading causes of morbidity and mortality
during that period (Gaziano et al., 2010). Analysis of the current
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population age structure in Poland indicate that the great part of
the community are in the 25–70 age group with an observed peak
at the 20–40 group which allows presumption despite many
advances in prophylaxis and treatment of CVD that its
prevalence will still increase in Poland regarding extension of
lifespan (Gaziano et al., 2010; OECD/European Observatory on
Health Systems and Policies, 2017). However, in recent years
Poland has strengthened its hospital sector providing relatively
effective and high quality care to cardiac patients. This is
demonstrated by one of the lowest mortality rates from heart
attacks among all EU countries (Boles et al., 2004). Better
information and monitoring systems were also implemented
from 2004 to 2005 covering the cardiovascular registries,
including the Polish Registry of Acute Coronary Syndromes
(PL-ACS) and the Polish National Registry of Cardiac Surgery
Procedures (KROK) (Ludność; Islami et al., 2011). Therefore, in
spite of this evidence on the real direct and indirect economic costs
of the management of CVD in Poland is lacking. Hence, the
accurate information and data regarding the costs attributable to
the management of CVD to be covered by the society and payer in
respective European countries including Poland seems to be
necessary. There are few available literature reports which have
estimated costs related with introduction of primary prevention
programs or single CVD entity and procedure such as heart
failure, hypertension and percutaneous coronary intervention
(PCI) (Poloński et al., 2007; Czech et al., 2013; Sović et al., 2013;
Suwalski et al., 2018). Therefore, we performed a comprehensive
pharmacoeconomic analysis to estimate and determine trends of
direct and indirect cost distribution related to all CVD entities
covered by the list derived from the 10th version of the
International Classification of Disease (ICD-10) including I00-
I99 codes in Poland during the years 2015–2017.

The aim of this paper is to measure both direct and indirect
costs of cardiovascular diseases (ICD-10: I00-I99) in Poland. The
estimates were carried from the year 2015 to 2017. The period
included in the analysis results directly from the availability of
data enabling estimation of direct and indirect costs from
publicly available data sources.
METHODS

Study Population
We used data available in the public domain (National Health
Fund (NHF), Central Statistical Office of Poland (CSO) as well as
publicly unavailable data, obtained from the Social Insurance
Institution (SII). The estimates were carried out for both direct
and indirect costs. In the case of the first category of costs, public
payer (NHF) expenses related to reimbursement of medicines
and medical services (hospital treatment, outpatient specialist
care, medical rehabilitation, health services contracted
separately) were included. In terms of indirect costs (from a
societal perspective), the costs of absenteeism, presenteeism and
loss of production resulting from permanent or temporary
inability to work or due to premature death have been taken
into account. We did not include the costs of informal care in the
September 2020 | Volume 11 | Article 1231
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analysis due to the lack of reliable data. The source data used to
estimate the cost categories listed above are presented in Table 1.
All estimates are expressed in both PLN (Polish zloty) and EUR
(using the mean 2015–2017 exchange rate)

1

.

Direct Costs
Direct costs related to the treatment of cardiovascular diseases in
Poland from 2015 to 2017 are calculated based on data available in
the public domain. The following categories of costs are taken into
account: (i) cost of reimbursed drugs, (ii) cost of medical services
used in cardiology in-hospital department and out-hospital
consultation units, covered by the NHF. Other categories of costs
(e.g. administration) were not included in the analysis due to the
lack of data that would allow a reliable estimation.

Therapeutic Path of a Patient With CVD in Poland
A patient with a health problem will first report to a primary care
physician, who plans and carries out medical care over the insured
and coordinates the provision of services. If the patient’s condition
requires further examination and treatment, he or she is referred to
a specialist (e.g. cardiologist). During a visit to a specialist, the
patient’s health is assessed and the further course of treatment
determined based on the diagnostic tests performed. If a one-time
consultation is sufficient, the specialist physician sends the patient
back to the referring physician (primary care). In other cases, the
patient is taken care of by a specialist clinic (including diagnostics).
Patients receive tests, medicines and medical devices to the extent
necessary to provide guaranteed services as part of outpatient
specialist care. If the goal of treatment cannot be achieved on an
outpatient basis, the patient is referred to the hospital. During
hospital treatment, the service provider is obliged to provide the
insured with necessary diagnostic tests and medicines related to the
course of hospitalization (the use of which results from the reason
for hospitalization).

Financing the Treatment of a Patient With CVD in
Poland
An establishment that performs primary healthcare tasks
receives an annual capitalization rate for each enrolled patient,
regardless of the number of visits and diagnostic tests the patient
receives in a given year. Such system does not distinguish a
patient with cardiovascular disease in this analysis, therefore the
cost of primary care has been omitted. Its inclusion would not be
justified due to the inability to determine the number of visits or
the type of diagnostic tests that the patient with CVD receives.

A visit to a specialist doctor and all diagnostic tests are
financed as part of outpatient specialist care, while all services
provided in the hospital are settled as part of hospital treatment.
Hospital treatment includes all hospitalizations carried out as
part of the Diagnosis Related Groups (DRG) system, including
coronary artery bypass grafting, percutaneous valvuloplasty,
coronary angioplasty with stent implantation, pacemaker
implantation/replacement, treatment of congenital heart
1The weighted average exchanges rates: 1 EUR: 2015 (4.18), 2016 (4.36), 2017
(4.26); average exchange rate in 2015–2017 years (1 EUR – 4.27 PLN). Available
from: http://www.nbp.pl/home.aspx?f=/kursy/arch_a.html
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disease. Highly specialized procedures, such as e.g. heart
transplantation or cardiological intervention in children under
18 years of age (including percutaneous leakage closure using
closure kits) are financed as part of highly specialized services.
The above cost categories have been included in our analysis.

Drugs Reimbursement
As a source of reimbursement data for drugs available within open
pharmacies, the NHF Economic and Financial Department’s
statements were used for the period from January 1, 2015 to
December 31, 2017. We calculated expenditures on reimbursed
drugs related to the cardiovascular system both from public payer
and patient perspective. Identification of medicinal products
was based on ATC (Anatomical classification) codes according
to the EphMRA guidelines V2019 (class C – drugs related
to the cardiovascular system). Such approach causes some
overstatement of actual pharmacotherapy costs incurred for the
treatment of cardiovascular diseases due to the fact that some of
drugs from ATC class C are used for the treatment of arterial
hypertension or essential hypertension. However, based on
publicly available data, it is not possible to determine the
percentage of patients using drugs in the above-mentioned
indications. Data on the costs of non-reimbursement
medications are not publicly available, and therefore not
included in the analysis.

Medical Services
The costs of medical services incurred in the treatment of
cardiovascular diseases were estimated on the basis of the value
of NHF contracts concluded by individual NHF’ Provincial
Departments in a given year (the data are divided into the
service provider, type of service and the name of the
contracted product). The following types of medical services
were included in the analysis:

• outpatient specialist care,
• hospital treatment,
• medical rehabilitation,
• health services contracted separately.

The organization of services assumes that every procedure
financed from public funds is reported by the healthcare
provider to the appropriate NHF’ Provincial Department, where
after checking the correctness of the information provided,
appropriate financial resources are paid (Rutkowski et al., 2015).
Some healthcare services are financed in the form of a lump sum
(the service provider receives funds from the NHF before and
not after the patient’s treatment), and their value is not included
in the contracts reported by the public payer. Thus, total costs
of hospital treatment estimated in this publication may be
slightly underestimated.

Indirect Costs
Indirect costs are divided into four categories. The first
(absenteeism) concerns expenses related to the employee’s
absence from work due to CVD. The second (presenteeism)
takes into account the cost of loss in productivity of employee,
September 2020 | Volume 11 | Article 1231
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who despite CVD, remains present at work, but whose
performance due to illness is reduced. The third category of
costs (incapacity for work) relates to expenses incurred as a result
of the patient’s temporary or permanent inability to work. The
last, fourth category is associated with the premature death of the
patient due to CVD.
2K Kotseva, L Gerlier, E Sidelnikov, L Kutikova, M Lamotte, L Annemans, P
Amarenco. Patient and caregiver productivity loss and indirect costs associated
with cardiovascular events in Europe. European Heart Journal, Volume 39, Issue
suppl_1, August 2018, ehy565.P2561, https://doi.org/10.1093/eurheartj/ehy565.
P2561. https://academic.oup.com/eurheartj/article/39/suppl_1/ehy565.P2561/
5081485/
General Assumptions
We estimated the indirect costs of CVD using the human capital
method, modified in accordance with the recommendations
presented in the document “Methodology for Measuring
Indirect Cost of Illness in the Polish Healthcare System
published in 2013” (EY, 2013).

The unit of lost productivity is expressed in the Gross
Domestic Product (GDP) per working person, however, the
difference between the concept of an employee and a working
person should be taken into account (as the former does not
include self-employment). In addition to lost labor productivity,
this measure also expresses the lost productivity of a summarized
production input, which with high probability could be more
efficiently utilized by a healthy individual.

In connection with the occurrence of the phenomenon of
diminishing marginal labor productivity, it was necessary to
adopt a correction factor in the analysis. We used the value of
0.65 in accordance with the position adopted by the European
Commission for EU-15 countries over the period of 1960 to 2003
(Leal et al., 2006), which corresponds to the marginal relation to
the average labor efficiency. Thus, the productivity unit was
calculated according to the formula:

Unit of  Productivity = GDPw   · 0:65: (1)

We also implied the economic and demographic indicators
from the years 2015 to 2017. (see Appendix 1). Each of the
indirect costs borne in the future are expressed in terms of
2017 GDP.
Frontiers in Pharmacology | www.frontiersin.org 4
Absenteeism
The costs associated with an unplanned absence from work due
to the cardiovascular diseases were estimated taking into account
data from the SII Statistical Portal in Poland. We used the
number of days of sick leave reported for ICD-10: I00-I99
codes from 2015 to 2017 (data on informal leave days were not
included in the analysis). In total CVD accounted for 12,233,203,
12,239,697, and 12,210,793 sickness leave days in 2015, 2016, and
2017, consecutively (see Appendix 2). Assuming that the year
includes 252 business days, we calculated a comparable number
of working person-years lost as CVD-related absenteeism (A(y)).
In the next step, we determined the indirect cost of absenteeism
(ICA) using the data from Appendix 1 on the GDP per working
person according to the equation:

ICA = GDPw   · 0:65 · A
(y) : (2)

Presenteeism
CVD have a significant impact on the quality of life and work of
the patient. Given the subjective nature of presenteeism,
estimation of the single patient (at working-age) unit impact
on the productivity is difficult. In our analysis we adopted the
assumption presented in the Kotseva 20182, whose authors
assumed a loss of 10 working days a year for a representative
patient in comparison to a healthy person. It should be borne in
mind that this assumption may be subject to some error, as the
questionnaire was not carried out in the Polish population.

We combined the above impact on productivity with data on
the population of patients with cardiovascular diseases in Poland,
TABLE 1 | Data sources.

Data category Source

Direct costs
Medicinal products
(drugs)

• Ministry of Health (MoH) Reimbursement list (Jan 2015 to Dec 2017) (https://www.gov.pl/web/zdrowie/)
• NHF Economic and Financial Department’s statements (Jan 2015 to Dec 2017) (http://nfz.gov.pl/)

Hospital treatment • The value of NHF contracts (http://nfz.gov.pl/) concluded by individual NHF’ Provincial Departments in a given year
o data divided into the service provider, type of service and the name of the contracted product

• Publication: Rutkowski 2015
Outpatient specialist care
Medical rehabilitation
Health services
contracted separately
Indirect costs
Absenteeism • Statistical Portal of SII (http://www.psz.zus.pl)

o days of absence from work due to cardiovascular diseases (ICD-10:
I00-I99) in 2015-2017

CSO data (http://www.stat.gov.pl/en) tabs: macroeconomic
indicators: national accounts, labor market;
population/survival tables:
o GDP at current prices 2015–2017
o working population (end of period) 2015–2017
o general population in Poland—total population aged 18–

59/64

Presenteeism • Publications: Kotseva 2018 and POLKARD Report
Permanent and
temporary incapacity for
work (pension)

• Statistical Portal of SII (http://www.psz.zus.pl)
number of confirmed cases: inability to live independently, full disability to
work and partial disability to work due cardiovascular diseases (ICD-10:
I00-I99) in 2015-2017

Mortality • CSO data (http://www.stat.gov.pl/en), database:
o demography – data on deaths by age and sex of the deceased and

cause of death
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derived from the POLKARD report, according to which, the total
number of CVD patients in Poland amounts to 1,160,667 (this
value also includes unregistered and untreated CVD patients)3.
We then narrowed this value to the working-age population with
CVD by taking into account the percentage of working persons
(own estimate, see Appendix 4). Subsequently, we estimated the
total number of person-years lost per year due to presenteeism
(P(y)) by multiplying the number of working people with CVD
(N) and the impact on the productivity in relation to the number
of business days per year:

P yð Þ   =  
N · 10
252

, (3)

Finally, the total indirect cost of presenteeism (ICP) was
calculated as:

ICP = GDPw   · 0:65 · P
yð Þ : (4)

Incapacity for Work
Total costs related to incapacity for work (pension) were
determined using data from SII regarding the number of
people diagnosed with ICD-10: I00-I99 and taking into
account following categories: i) incapacity for independent
existence, ii) total incapacity for work, iii) partial incapacity for
work (see Appendix 5). Total indirect cost of incapacity for work
(ICI) was estimated as the sum of the cost of permanent (ICI,P)
and temporary incapacity (ICI,T):

ICI = ICI,P + ICI,T : (5)

Permanent Incapacity
The analysis assumes that permanent incapacity for work
includes people who are completely unable to work or who
require additional external care for existence. In order to
calculate indirect costs for this cost category, we have
estimated the following features:

1. the number of years the patient would have theoretically
worked from the time of decision of incapacity for work to
retirement age if he/she was healthy (based on the patient’s
age and retirement age in Poland);

2. the probability of survival in the above period of time (based
on the patient’s age and life expectancy tables according to
the CSO);

3. the probability that a patient would have worked provided that
he/she had not suffered from a CVD or deceased for any reason.

It has been presumed that working age begins at the age of 19,
thanks to which compliance with available statistics was possible.
The expected number of further potential working years E(Xn)
results from the statutory retirement age k(n), and the age at
3“Program Profilaktyki i Leczenia Chorób Układu Sercowo-Naczyniowego
POLKARD na lata 2017–2020”. https://www.gov.pl/documents/292343/436711/
polkard-2017-2020-aktualizacja+pdf.pdf/f9a56b63-9ad2-060d-40f1-
f84ea520 f3b8? fbc l id=IwAR0iWqmtJ J :A la laT87pvHIcGW-JvNIs I_
LKWyE8LzScvPBntCV2i_7bDY
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which the decision on incapacity for work was made n:

E Xnð Þ  = Sk nð Þ−n−1
i=1 i · p n+ið Þ + ½k(n) − n�(1 − Sk−n

i=1 pn+i), (6)

where:
pn+1 – probability of death at the age of n+i (see Appendix 6).
The calculations take into account pension reforms in Poland

that took place in the analyzed period (the age of retirement was
subject to change), which may have a slight impact on the
indirect costs of permanent incapacity for work or mortality.

As data on distribution of CVD-related decisions over n is not
available, we assumed that the distribution of all decisions (see
Appendix 7) is sufficiently representative and included it in the
calculations of the average expected value of lost working years.

We calculated the average number of lost working years per
patient subject to decision (�x) taking into account expected
number of further potential working years and an — a share of
the cohort aged n (in the patient population subject to decisions,
Sn an = 1). Age distribution was used in order to calculated
statistical number of potential working years (up to 65).

�X = S65
n=19 E(Xn) · an, (7)

In the next step, the number of lost working years due to
permanent incapacity for work resulting form CVD (IP(y)) was
estimated as:

  IP(y) = NI,P · �X · g , (8)

where:
Nn,t — annual number of permanent inability decisions

attributed to CVD,
g — fraction of working population in total population aged

19–65 (see Appendix 7).
Finally, the total loss of production due to permanent

incapacity to work was calculated according to the formula as
in (2) and (4):

ICI,P = GDPw   · 0:65 · IP
yð Þ : (9)

Temporary Incapacity
In order to estimate the costs of temporary incapacity for work,
SII data on ICD-10 codes: I00-I99 were used, according to which
the average time of temporary inability to work amounts to 16
months (1.33 years). Partial incapacity for work is parallel to 75%
loss of working potential. This is in line with the social security
statute that sets the benefit for partial disability at 75% of the
benefit associated with full disability. The number of working
person-years due to temporary incapacity for work, (IT(y)), is
calculated taking into account the annual number of temporary
disability decisions attributed to CVD (N(I,T)):

IT yð Þ = NI,T · 1:33 · 0:75, (10)

Similarly to (9), the indirect costs component related to
temporary incapacity for work is calculated as:

ICI,T = GDPw   · 0:65 · IT
yð Þ : (11)
September 2020 | Volume 11 | Article 1231
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Mortality
The indirect cost related to mortality was estimated as the sum
of lost potential years of work taking into account the moment
of premature death due to CVD and the expected moment of
retirement. We also took into account the low probability of
dying from causes other than CVD during this period. CSO data
from 2015 to 2017 referring to the number of CVD-related
deaths (determined on the basis of ICD-10 codes, see Appendix
9) were used, which were then transformed into the number of
lost years of work lost for a given person with CVD and his/her
age death (n) according to the formula (11) —see Appendix 8.
Finally, the total number of lost working years (M(y)) was
calculated as a sum over all the cohorts with NM,n being the
number of people that died at the age of n due to CVD:

M yð Þ     =  S65
n=19N

M,n · E(Xn), (12)

Finally, the indirect cost related to mortality was defined as:

ICM = GDPw   · 0:65 · M
yð Þ :    (13)

Since data on mortality in individual age groups in 2017 were
not available, we assumed their invariance for previous years for
the purposes of this calculation.
RESULTS

Direct Costs
The total estimated direct cost of cardiovascular diseases
(including drugs reimbursement and medical services costs) in
Poland amounted to 1.5 bn EUR in 2015, 1.5 bn EUR in 2016
and 1.3 bn EUR in 2017. The main factors determining costs are
hospital treatment and drugs (Table 2).

Drugs cost (both reimbursement and patient co-payment)
increased from approximately 611.0 mln EUR to 630.2 mln EUR
per year. In case of medical services costs, we observe a decrease
in their value in 2017 compared to 2015. The decrease in 2017
compared to the previous year is greater than the corresponding
decrease in 2016—this is most likely due to regulatory changes
that occurred in the way of contracting certain health services in
2017 that could have significantly underestimated the actual cost.
It is worth noting that out of all direct medical services costs, the
largest share is the cost of hospital treatment (86% on average).

Indirect Costs
The estimated total indirect costs of cardiovascular diseases in
Poland from 2015 to 2017 were respectively 8.0 bn EUR, 7.1 bn
EUR and 6.8 bn EUR. These costs correspond to the loss of 494.4
thousand person-years in 2015, 432.5 thousand person-years in
2016 and 406.7 thousand person-years in 2017. Of the four
categories included, costs related to incapacity for work and
mortality have the largest share (Tables 3 and 4).

Among the four analyzed categories of indirect costs related
to CVD, the largest share (almost half of the total expenses)
constitute costs related to the patient’s incapacity for work –
estimates show a decrease from EUR 3.9 bn in 2015 to EUR 3.5
bn in 2017. Indirect costs of CVD-related deaths are the second
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largest category of costs and also have a downward trend (from
2.8 EUR bn in 2015 to EUR 2.1 bn in 2017). In the case of the
remaining categories of costs (absenteeism and presenteeism),
the reverse trend is noticeable, i.e. an increase in expenses
incurred in subsequent years of analysis. According to our
estimates, the cost of absence from work of a patient with
CVD in Poland was 897.5 mln EUR in 2015 and 934.1 mln
EUR in 2017. Similarly, the costs associated with reduced patient
performance at work due to CVD increased from 459.9 mln EUR
in 2015 to 508.1 mln EUR in 2017.

Total Cost
The total annual average costs of CVD in Poland (both direct and
indirect) amount to 37.5 bn PLN, (8.8 bn EUR), and it is 1.89% of
GDP. The total estimated indirect costs of CVD amount to 31.3 bn
PLN (7.3 bn EUR) and significantly exceeds the direct medical costs,
which amount to 6.1 bn PLN (1.4 bn EUR) (Table 5).

It should be noticed that the direct as well as indirect cost
appears to be gradually decreasing in time. Direct costs went
from 6.4 bn PLN (1.5 bn EUR) in 2015 to 5.7 bn PLN (1.3 bn
EUR) in 2017 and indirect costs from 34.5 bn PLN (8.1 bn EUR)
in 2015 to 29.2 bn PLN (6.8 bn EUR) in 2017 (Table 5).
DISCUSSION

Treatment of cardiovascular diseases is one of the biggest challenges
for health care systems. According to various data, they cost the
European economy 160 bn to 210 bn EUR a year (Paczkowska et al.,
2014). Due to the importance of this problem, there are a number of
papers discussing the cost of CVD in different European countries
available (Dziki et al., 2017). These studies used both a top-down
and a bottom-up approach to assess the resources used. However, it
is not possible to compare the financial expenditure for CVD
treatment in individual countries due to the different data
collection methodologies, the variety of data sources used and the
inclusion of different cost categories.

Our analysis focused on direct and indirect costs of CVD from
2015 to 2017 from the payer and societal perspective in Poland. We
used data from Polish institutions (NHF, CSO, SII) and the
methodology presented in the EY (Ernst & Young Global Limited
Liability Partnership, commonly known as Ernst & Young) report
on the methodology for measuring indirect costs in the Polish
healthcare system (EY, 2013). To our knowledge, in terms of the
applied methodology, this is the first study to estimate both direct
and indirect costs associated with CVD in Poland. According to the
results obtained, the total costs of CVD from 2015 to 2017
fluctuated between 34.9 bn PLN (8.2 bn EUR) and 40.9 bn PLN
(9.6 bn EUR). The increase in total costs associated with CVD in
Poland correlates with a visible trend in the field of epidemiology,
the current data indicate an increase in the number of patients in
subsequent years (Gańczak et al., 2020). Indirect costs constituted
84% of the total costs (approximately 31.3 bn PLN, 7.3 bn EUR) and
significantly exceeded direct costs in the same period
(approximately 6.1 bn PLN, 1.4 bn EUR). This task is primarily
with the specificity of the diseases included in the analysis. Most of
the CVD diseases are chronic and require long-term therapy, which
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is not conducted in a hospital or outpatient setting and thus does
not generate direct costs in a continuous manner (hospitalizations
for CVD causes are mainly associated with exacerbation of the
disease and after a few days, usually ill returns home). The
significant part of the analyzed disease entities is associated with
inability to work (permanent or temporary) and thus reduced
productivity. Also, the high mortality rate due to CVD in Poland
means that indirect costs have the largest part in the total costs
related to the disease.

However, it seems that the total costs related to CVD in Poland
may be higher than estimated, because our calculations do not take
into account certain categories of costs (e.g. data on primary health
care, transport costs in case of emergency, costs of informal care)
due to the lack of access to appropriate (reliable) data. Another
limitation of the analysis is also the lack of data from the private
sector (e.g. paid medical visits, medicines without reimbursement)
as such data are not available in the public domain.

The higher total direct cost incurred by the National Health
Fund for medical services in the field of cardiology (ICD-10 codes:
from I00 to I99) is indicated by the publication, in which authors
used the NHF internal databases and analyzed the size and
structure of services (related to cardiovascular diseases) financed
from public funds in Poland (Rutkowski et al., 2015). Results
indicate an increase in the total cost of services from 6.5 bn PLN in
2009 to 7.8 bn PLN in 2014. At the same time, the hospital
treatment cost increased from 2.53 bn PLN to 2.99 bn PLN. While
costs of hospital treatment in 2012–2014 from Rutkowski 2015 are
at a similar level to those estimated in our analysis in 2015–2017,
the total cost of medical services is higher. The results show that in
years 2009–2014 the value of contracts in hospital treatment
constituted from 38.3 to 40.4% of the total NHF expenditure
incurred on cardiology. Assuming that the relation between the
amount of contracts for hospital treatment and total NHF
expenditure in years 2015–2017 was at a similar level to that in
2012–2014 (38.9% on average), the total estimated cost of
cardiovascular diseases (incl. drugs) in Poland would amount to
11.0 bn PLN in 2015, 10.87 bn PLN in 2016 and 9.25 bn PLN in
2017—nearly 1.7 times higher than those estimated in our analysis.

According to the 10-year resource utilization and costs in the
US it is suggested that CVD-related economic burdens on the
Frontiers in Pharmacology | www.frontiersin.org 8
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TABLE 4 | The number of working years lost to cardiovascular diseases in
Poland—estimates for the 2015–2017 years.

Cost category Cardiovascular diseases

2015 2016 2017

The number of
lost working

years

The number of
lost working

years

The number of
lost working

years

Absenteeism 48,544 48,570 48,456
Presenteeism 24,878 25,659 26,359
Permanent and
temporary incapacity
for work

202,017 172,777 174,049

Mortality 218,989 185,460 158,802
TOTAL 494,428 432,466 407,665
Source: Own elaboration based on CSO and SII data.
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health care system will increase, taking into consideration
cumulative medications, office visits, diagnostic procedures,
coronary revascularization, and hospitalizations (Calafiero and
Jané-Llopis, 2011; Heidenreich et al., 2011; World Health
Organization. (WHO), 2014; Siqueira et al., 2017; Williams et al.,
2018). In this case, the 10-year longitudinal patterns of CVD cost
after the screening of more than 6.8 thousand asymptomatic
participants from the MESA (Multi-Ethnic Study of
Atherosclerosis) registry accounted for 155 mln USD. The data
comes from AHA reports and clearly indicate the productivity
losses and medical costs of CVD are projected to increase, taking
into account the US population, 555 bn USD in 2015 to 1.1 trillion
USD in 2035 (Siqueira et al., 2017). Therefore, the corresponding
costs of informal caregiving for patients suffering from CVD
diseases were calculated at 61 bn USD in 2015 with appropriate
projection to increase to 128 bn USD in 2035 (Calafiero and Jané-
Llopis, 2011). Concurrently, the informal caregiving costs of
patients with stroke establish more than 50% of the whole costs
of CVD informal caregiving, which in 2015 amounted to over 30
bn USD and is expected to amount to more than twice as much in
2035. Similar findings, regarding proportions of cost component of
CVD, were observed in the UK where health care costs accounted
for 60%, followed by productivity losses accounting for 23%, with
17% due to informal care related costs, which accounted £29.1 bn
in 2004 (Williams et al., 2018). According to the available data
from the EU the CVD costs were estimated to be 169 bn Euro
annually, including 62% healthcare costs, 21% productivity losses
costs, and 17% informal care costs (Heidenreich et al., 2011).

As mentioned earlier, due to differences in methods and data
used in individual studies described above, cost comparison
between countries is limited. Nevertheless, the direct and indirect
costs associated with CVD in Poland estimated in this publication
may be used in the future, e.g. while conducting health technology
assessment (for drugs or health/medical products) and, as a result,
contribute to the improvement of both the state of health of the
Polish society and the quality of life patients with CVD.
CONCLUSION

1. CVD treatment is one of the biggest challenges for the
healthcare system in Europe, with the estimation of total
costs being difficult (due to the limited availability of data) as
Frontiers in Pharmacology | www.frontiersin.org 9
well as comparison between individual countries (due to the
variety of methodology used).

2. Estimated direct costs of CVD in Poland in years 2015–2017
amounted to 1.3–1.5 bn EUR and were mainly related to
expenses incurred for hospital treatment and drug
reimbursement.

3. Permanent and temporary incapacity for work (pension) is
the largest cost generator of the CVD indirect costs in Poland,
which in total were over 5 times higher than direct costs
estimated in the same period.
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Calafiero, E. T., and Jané-Llopis, E. (2011). The Global Economic Burden of
Noncommunicable diseases (London: World Ecomnomic Forum), 1–48.

Czech, M., Opolski, G., Zdrojewski, T., Dubiel, J. S., Wizner, B., Bolisęga, D., et al.
(2013). The costs of heart failure in Poland from the public payer’s perspective.
Polish programme assessing diagnostic procedures, treatment and costs in
patients with heart failure in randomly selected outpatient clinics and hospitals
at different levels of care: POLKARD. Kardiol. Pol. 71 (3), 224–232.
doi: 10.5603/KP.2013.0032

Dziki, B., Miechowicz, I., Iwachów, P., Kuzemczak, M., Kałmucki, P., Szyszka, A.,
et al. (2017). Cath lab costs in patients undergoing percutaneous coronary
angioplasty - detailed analysis of consecutive procedures. Kardiol. Pol. 75 (9),
914–921. doi: 10.5603/KP.a2017.0098

EY (2013). Metodyka pomiaru kosztów pośrednich w polskim systemie ochrony
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