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Abstract

Objective To provide an assessment of the cost burden of obesity across a spectrum of obesity-related comorbidities
(ORCs) for four countries in South-Eastern Europe (SEE).

Methods A micro-costing analysis from the public payer perspective was conducted to estimate direct healthcare
costs associated with ten obesity-related comorbidities (ORCs) in Czech Republic, Greece, Hungary, and Romania.

A survey was administered to obtain healthcare resource use and unit cost data. Cost estimates were validated by
local steering committees which comprised at least one public sector clinician and a panel of independent industry
experts.

Results Chronic kidney disease and cardiovascular diseases were the costliest ORCs across all 4 countries, where
annual cost burden per ORC exceeded 1,500 USD per patient per year. In general, costs were driven by the tertiary
care resources allocated to address treatment-related adverse events, disease complications, and associated inpatient
procedures.

Conclusions Our findings confirm that the high prevalence of obesity and its comorbidities result in substantial
financial burden to all 4 SEE public payers. By quantifying the burden of obesity from a public healthcare perspective,
our study aims to support policy efforts that promote health education and promotion in combating obesity in the
region.
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Introduction

Obesity is a chronic, relapsing and progressive disease
affecting hundreds of millions globally [1]. The global
obesity prevalence is expected to reach 16% and 21%
in men and women respectively by 2025, affecting over
2 billion people by 2035 [1, 2]. While member states of
the World Health Assembly have set voluntary targets
to halt the rise of obesity, a World Obesity Federation
report reveals that most countries have less than a 10%
chance of meeting their targets [2]. Given that obesity is a
prominent risk factor for disability and mortality associ-
ated with comorbidities, people with excess weight typi-
cally require healthcare services more often and for more
complicated issues. The failure to address obesity targets
thus places other key non-communicable disease (NCD)
health outcomes at risk [3, 4].

Across Europe, overweight and obesity affect almost
60% of adults and nearly a third of children [5-7]. In East-
ern Europe, about 8 in 10 of the population have over-
weight or obesity, and approximately one in three (32.1%)
have obesity. This has translated to 25.2% of NCD-related
disability-adjusted life years and 21.8% of NCD-related
deaths due to high BMI (BMI>30 kg/m?) [1, 8]. Type 2
diabetes (T2DM), hypertension and hyperlipidaemia are
among the most critical and prevalent NCD health con-
sequences related to obesity, among other direct effects
on the cardiovascular system [9]. In Greece, a nation-
wide health survey observed that in 50.8% of those with
hypertension and elevated cholesterol levels, obesity co-
existed [10]. In Romania, the prevalence of hypertension,
hyperlipidaemia and T2DM in one study were 72.8%,
64.7% and 12.6%, respectively. Further, the odds of partic-
ipants with obesity to have hypertension were 2.9 times
higher, and obesity increased the likelihood of develop-
ing cardiovascular disease (CVD) by 1.7 times [11]. The
HAPIEE study, which investigated determinants of NCDs
across 6 towns in the Czech Republic, reported hyperten-
sion, hypercholesterolemia and diabetes prevalence rates
of 73%, 76.6% and 16.8%, respectively. A common risk
factor for the three chronic conditions was obesity [12].
Prevalence estimates of raised blood pressure, raised cho-
lesterol and diabetes in Hungary exceeds 30%, 50% and
7% across the general population, respectively [13]. The
high prevalence of obesity-related comorbidities (ORCs)
across these four health systems could lead to disastrous
effects on the healthcare system if left unaddressed.

Beyond healthcare implications, obesity also presents
with economic implications [14—18]. Health care cost
and economic productivity estimates suggest that some
countries in Eastern Europe are struggling to cope with
the burden of obesity, with obesity-related disorders
accounting for up to 6% of total health care expenditure
[16]. In the Czech Republic, 2018 annual costs attrib-
utable to obesity accounted for 0.8% of the GDP, and
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direct costs totalled 600 million Euros which accounted
for 3.5% of the country’s healthcare expenditure [17]. In
Hungary, direct healthcare costs associated with over-
weight and obesity were estimated at 680 million Euros,
which accounts for 11.7% of Hungarian’s healthcare bud-
get and 0.7% of total GDP [14]. There is a pressing need
for Eastern European countries to expediently address
the obesity problem to avoid catastrophic economic
consequences to the healthcare system, where costs are
estimated to be 2.2% of GDP worldwide and even more
substantial in South-Eastern Europe [19].

Across published cost burden of illness studies, no
standardised methodology currently exists to guide
the conduct of such studies and most of these evalua-
tions were carried out at a macro level [14, 16, 17]. Due
to these heterogeneities, transferability of cost of illness
results are often limited across European countries. Fur-
ther, there is limited comprehensive micro-economic evi-
dence to guide decisions about resource allocation and
appropriate interventions in the South-Eastern European
(SEE) region relating to obesity and its comorbidities.

The objective of our study is thus to provide an assess-
ment of the cost burden of obesity across a full spectrum
of ORC:s for four select countries in the SEE region (i.e.,
Czech Republic, Greece, Hungary, and Romania) with
comparable GDP per capita and comparable obesity rates
have surged past 20% [1, 6, 7]. In a call to action for Euro-
pean leaders to act urgently against obesity, our study
employs a public payer perspective to contextualize our
insights for European policy and decision makers.

Methods

In this study, we sought to estimate all fixed and variable
annual costs incurred by the average patient with obesity
in four SEE countries (i.e., Czech Republic, Greece, Hun-
gary, Romania) across the care continuum of 10 ORCs.
The comorbidities included were aligned with those
recently examined in a UK study assessing the effect
of weight loss on obesity-related outcomes, and were
selected for inclusion in the original study because they
encompass a broad range of physiological systems, and
provide reasonably comprehensive (but not exhaustive)
quantification of the burden of obesity for our analysis
[20]..

To overcome limitations in the availability of real-
world data, a survey-based micro-costing approach was
considered the most feasible and detailed method for
estimating the cost of ORCs across these four countries.
The approach utilizes healthcare resource use (HCRU)
information provided by public sector specialists and
unit cost data of every input consumed in the treatment
of a particular patient to generate detailed estimates of
economic costs [21]. While defined consensus standards
and guidelines have yet to be developed for conducting
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micro-costing studies, the principles are well established
in the literature.

Our study was conducted from the perspective of the
public payer across the full spectrum of primary, second-
ary, and tertiary care settings. In the absence of a pro-
spective data source for tracking cost and resource use
across public care settings throughout the care contin-
uum in these countries, we implemented a retrospective
micro-costing analysis using a four-tiered approach [22,
23].

1. ‘Cost categories’ (i.e., HCRU and itemized resources
within each HCRU category) were identified for each
ORC.

2. The categories were then quantified, where a cost
value was assigned to each cost item by weighting
utilization against the corresponding unit prices or
relevant quantities, as described by Drummond et al.
(23]

3. Cost categories were subsequently aggregated
to produce an overall annual cost incurred by an
average patient with obesity with an ORC.

4. Aggregated costs were externally validated against
published estimates in literature and by clinician
academics and health economists of the respective
local markets where applicable.

Table 1 Specialist clinicians who contributed HCRU estimates to
the micro-costing analysis

Obesity-related Spe- Czech Greece Hungary Ro-
complication cialist  Republic ma-
field(s) nia
Type 2 Diabetes  Endo- 10 10 10 10
crinolo-
gists
Internal 10 10 10 10
Medicine
Asthma Pulmon- 10 10 10 10
ologists
Sleep apnoea Otolar- 10 10 10 10
yngolo-
gists
Osteoarthritis Ortho- 5 10 10 5
paedists
Chronic Kidney ~ Ne- 10 10 10 10
Disease phrolo-
gists
Angina Cardi- 15 20 20 15
Atrial fibrillation ~ ologists

Hyperlipidaemia

Heart failure

Hypertension

Abbreviations. HCRU: healthcare resource utilisation
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Identification of cost categories

The cost categories included in our micro-costing exer-
cise were informed by a methodical development pro-
cess previously established in a study conducted in Saudi
Arabia that examined the national clinical and economic
burden of obesity [24]. Treatment pathways, which
included screening, diagnosis, medications, and compli-
cations, were identified via a systematic literature review
of clinical guidelines [24]. Keywords relating to each ORC
and ‘guidelines’ or ‘systematic review” were used to iden-
tify relevant references in PubMed and Google Scholar,
which were then used to determine the types of health-
care cost parameters relevant to each ORC [24]. All cost
categories was then locally validated by steering com-
mittees in the respective countries, comprising a local
clinician academic and a panel of independent industry
experts via focus group discussions (1 per country).

For each ORC, the following cost categories were
included in the analysis: diagnostic tests per patient,
scheduled outpatient visits per patient/ year, treatments
received (including dose, frequency and duration), con-
sumables and/or devices per patient/ year, monitoring
tests per patient/ year, treatment-related adverse events
and complications per patient/ year (which included
inpatient hospitalisation, outpatient visits, intensive care
unit (ICU) care, emergency room (ER) visits and inpa-
tient procedures per patient/ year.

Quantification of cost categories

Cost categories were consolidated in a standardized tem-
plate and administered via interviewer-assisted online
surveys to clinician specialists between April and July
2022 which is included in Supplementary 1. 300 clini-
cal consultant-level specialists in the public health sec-
tor in these four countries were asked to provide HCRU
estimates (Table 1). Purposive expert sampling was con-
ducted for determining the number of survey partici-
pants, where the relevant specialists for each ORC were
identified followed by the determination of sample sizes
based on initial feasibility estimates for each country. As
the intent of the study was to obtain costs from the pub-
lic healthcare perspective, cost variations were expected
not to be substantive and the sample sizes as set out in
Table 1 were determined to be sufficient to result in data
saturation. Survey respondents were recruited by third-
party agents. All respondents were required to have been
working in their specialist role for at least 3 years and be
responsible for the care of at least 10 relevant patients
each month. All respondents were recruited from public
hospitals across a mix of geographic regions.

Unit costs for each cost item were derived from either
targeted secondary research, for Czech Republic [25-27],
or payer survey responses, for the other 3 SEE countries
which is included in Supplementary 2. Payer respondents
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were either hospital administrators or hospital procure-
ment personnel and were required to have been working
in their current role for at least 3 years and be knowl-
edgeable about hospital-related costs.

Cost calculations
Costs were expressed in 2022 levels and foreign exchange
rates described in Table 2 were used where cross-country
comparisons were conducted.

The cost of each item within each cost category was
calculated separately. For all items except treatments, the
annual cost per patient per cost item was calculated as:

Annual cost per cost item = Percentage (%) of patients
utilizing the healthcare resource
x Number of healthcare resource
units utilized per year

x Unit cost

The annual cost for each drug per patient was calculated
as:

Annual cost for each drug treatment = Average consumption per day
% 30 days x 12 months
x Unit cost of treatment
x Percentage(%) of

patients receiving treatment.

Following calculation of unit costs for each ORC, the
total annual cost per patient per cost categories was
determined by summing all cost items. Finally, the total
annual cost per patient per ORC was calculated by sum-
ming all cost categories. Cost data are presented as mean
values in USD, or % of total costs.

Data validation

Aggregated annual cost estimates were shared with
respective expert steering committees in each coun-
try for final validation in focus group discussions (1 per
country). In each country, a local expert steering com-
mittee was established which comprised of at least one
public sector clinician academic and a panel of indepen-
dent industry experts. Cost drivers and unit cost esti-
mates were also validated by the steering committee.

Table 2 List of currency and 2022 average foreign exchange

rates

Country Currency Foreign Ex-
change Rate
(1 USD)

Czech Republic Czech Koruna (CZK) 0.043

Greece Euro (EUR) 1.04

Hungary Hungarian Forint (HUF) 0.0027

Romania Romanian Leu (RON) 0.21
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Where necessary, a targeted literature review was also
conducted to corroborate cost data.

Results

Total annual costs for obesity-related comorbidities across

the 4 countries

Individuals in these 4 European countries with any ORC
incurred average annual healthcare costs ranging from
592 USD for hypertension in Czech Republic to 16,258
USD for heart failure in Greece (Fig. 1; Table 3). CKD and
CVD comorbidities (i.e., heart failure, angina, and atrial
fibrillation) were consistently the costliest comorbidi-
ties across all 4 countries, with heart failure observed to
be the most expensive complication in Czech Republic,
Greece, and Romania. This was driven primarily by the
severity of the health states and its greater demands on
relatively costly tertiary care resources in corollary. Ter-
tiary care resources are labor- and technology-intensive
which generates a greater cost burden to the public payer
compared to outpatient care in the primary and commu-
nity care settings.

In contrast, hypertension, asthma, and hyperlipidaemia
were the least costly ORCs across all 4 countries, incur-
ring approximately one-tenth to one-fifth of the costs of
the most expensive comorbidities (Table 3). When con-
textualized to the disease spectrum, these ORCs are early,
independent [28-31] and established risk factors of CVD
and CKD. The cost impact of managing these standalone
early risk factors is thus relatively cheaper in contrast to
progressed disease due to simpler treatment algorithms,
and fewer demands on costly tertiary care services that
are inherent to disease management [32, 33]. It is worth
noting that prevalence of hypertension and hyperlipid-
emia is high, exceeding 30% among the general popula-
tion in Eastern Europe [9, 11, 12, 34, 35]. If left poorly or
inadequately managed, the progression of hypertension,
hyperlipidemia and asthma may lead to the development
of CVD and CKD, wherein incremental costs are accrued
to health system payers. Obesity prevention and compre-
hensive management of its complex spectrum of mor-
bidities is thus critical to contain costs associated with its
incremental and pervasive impact.

In the paragraphs that follow, we present the cost com-
ponents for CKD, heart failure and T2DM, which are
three key common ORCs that affect patients with obesity.

Chronic kidney disease (CKD)

When analysing the cost of obesity-related CKD, it was
observed that the cost in Greece is at least 3 times the
cost estimated for Hungary, Romania and the Czech
Republic. This can be attributed to variations in the
overall cost of treatments, adverse events, and complica-
tions which are typically either mono- or bi-factorial in
nature i.e., driven by high unit costs and/or healthcare
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Fig. 1 Graphical representation of estimated annual healthcare costs (USD; 2022) of ORCs in adults with obesity across the four countries

Table 3 Estimated annual healthcare costs (USD; 2022) of ORCs

in adults with obesity across the four countries

Table 4 Cost breakdown by components for chronic kidney
disease (CKD) across the 4 countries

Czech Republic Greece Hungary Romania

ORCs Cost of ORC per patient per year (USD)
Czech Republic Greece Hungary Romania

Angina 2,717 9410 1,666 3,597
Asthma 691 1,272 1,219 527
Atrial Fibrillation 2,370 6,004 1,723 3,258
Chronic Kidney 2438 11,708 3,684 1616
Disease

Heart Failure 6,144 16,258 2,051 3,848
Hyperlipidaemia 1,318 2,558 1,311 859
Hypertension 592 1,946 979 897
Osteoarthritis 2,155 2681 2,188 449
Sleep Apnea 2,342 1,540 2,032 987
Type 2 Diabetes 2,105 2,888 2,042 2,248

Abbreviations. ORC: Obesity-related comorbidity

Diagnostics 45
Outpatient visits 65
Treatments 787
Consumables/ 0
Devices

Monitoring tests 87
Adverse events 506
Complications 502

Inpatient procedures 448
Total (USD) 2,438

265 140 59
119 401 101
4,601 1415 280
53 1 0

329 214 81
1,973 562 131
4,187 760 285
385 181 678
11,708 3,684 1,616

resource utilisation (Table 4). In terms of expenditure
on treatments, Greece physician respondents reported a
higher percentage of CKD patients requiring haemodi-
alysis (HD) (15%) and utilisation of erythropoietin stim-
ulating agents (ESA) (15%) compared to the other three



Athanasakis et al. BMC Health Services Research (2024) 24:354

countries where utilisation rates were under 5%. This is
corroborated by secondary literature confirming Greece
has the highest incidence of HD utilization in the bundle
of markets [36], suggesting a higher rate of later-stage
CKD cases which also translates to higher ESA use. Unit
costs for HD and ESA in Greece which contribute to a
subtantive proportion of the CKD treatment costs were
also substantively higher than in the other countries.

While the percentage of patients requiring tertiary
healthcare services for adverse events and complications
were comparable, suggesting a high degree of clinical
validity across the four markets, unit costs for inpatient
services were remarkably higher in Greece as compared
to the other 3 countries (e.g., inpatient cost per day:
Greece 481 USD vs. Czech Republic 69 USD vs. Hungary
35 USD vs. Romania 86 USD). Given the tertiary care
centric nature of the healthcare system in Greece, the
high utilization of tertiary care resources would translate
to overall inflated ORC costs associated with incremental
costs in the tertiary care sector.

Heart failure

When analysing the cost of obesity-related heart failure,
it was noted that the cost in Greece is at least 2.5 times
the cost compared to the other 3 countries. Remarkable
variations in costs were observed in treatments, com-
plications and inpatient procedures which are typically
either mono- or bi-factorial in nature: unit costs and/or
healthcare resource utilisation (Table 5).

Greece had the highest treatment costs which was pri-
marily due to survey-reported higher prescribing rates
of guideline-directed medical therapy for heart failure
compared to the other 3 countries. To illustrate, 86.3%
of heart failure patients in Greece were prescribed beta
blockers compared to 82.2% in Hungary, 68.8% in Czech
Republic and 80% in Romania. Overall treatment costs
were also driven by higher unit costs for pharmaceutical
drugs in Greece, associated with the use of more expen-
sive brand-name drugs as corroborated by experts in
the steering committee. It is worth noting however, that
Greece has implemented reforms to control over-pre-
scription and a 15% threshold of total value of prescrip-
tion for brand name drugs [37]. Notably, treatment costs
for heart failure are also lower in the Czech Republic as
sodium-glucose cotransporter-2 inhibitors (SGLT2is)
were excluded from the original analysis as they were
not reimbursed by the public payer at the point of sur-
vey conduct. It is noted that select SGLT2is are now a
reimbursed standard of care treatment for heart failure
patients in all 4 markets.

For costs of heart failure-related complications, the
combination of substantially higher inpatient service
unit costs in Greece (as discussed in Sect. 3.2), alongside
higher resource utilization led to substantive differences.
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Table 5 Cost breakdown by components for heart failure across
the 4 countries

Czech Republic Greece Hungary Romania

Diagnostics 68 321 251 116
Outpatient visits 76 75 246 122
Treatments 60 517 106 310
Monitoring tests 65 518 258 126
Adverse events 304 665 178 371
Complications 850 2,337 191 701
Inpatient 4,722 11,825 821 2,102
procedures

Total (USD) 6,144 16,258 2,051 3,848

Table 6 Cost breakdown by components for T2DM across the 4
countries

Czech Republic Greece Hungary Romania

Diagnostics 11 47 40 21
Outpatient visits 61 88 312 109
Treatments 124 358 568 589
Monitoring tests 23 253 0 48
Adverse events 195 547 60 125
Complications 308 598 337 379
Inpatient 1,234 793 128 91
procedures

Total (USD) 2,105 2,888 2,042 2,248

This is prominent for pulmonary oedema where over
65% of heart failure patients in Greece required inpatient
stays to manage the disease complication, compared to
less than 45% in the other 3 countries.

As for inpatient procedures, the higher costs observed
in Greece are a consequence of a substantially higher
survey-reported percentage of patients requiring inpa-
tient procedures, such as heart valve replacement (11.5%
in Greece vs. less than 6% for the other 3 countries).
This observation was validated by the local steering
committees. To further elaborate, the tertiary care cen-
tric nature of Greece’s healthcare system would suggest
that the overall cost of care in Greece is expected to be
high, in alignment with the demand for costly specialized
services.

Type 2 diabetes (T2DM)

When analysing the annual cost per patient of obesity
related T2DM, it was noted that cost estimates closely
align across 4 countries. Notably however, there were
remarkable variations observed across 3 cost compo-
nents i.e., treatments, adverse events, and inpatient pro-
cedures. These were attributed to unit cost variations in
each country (Table 6). For the cost of T2DM treatments,
Romania had the highest treatment costs which was pri-
marily due to the higher unit cost of long-acting insulins
and GLP-1 agonists. Greece had the highest reported
adverse event cost which was contributed by a higher
reported incidence of upper respiratory tract infection
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and higher unit costs for inpatient care. Interestingly,
inpatient procedure costs in Hungary were observed to
be the lowest across all 4 countries e.g., the cost of a dia-
betic foot amputation procedure in Hungary was USD
548 as compared to USD 1,337 in Romania, and USD
5,610 in Greece.

Discussion

As the prevalence of obesity surges beyond 20% in
Greece, Hungary, Romania and Czech Republic, there
are expectations that this will place a strain on health-
care resources from both the financial and health sys-
tem perspective. Our results provide an estimation on
the burden of obesity on the health systems of 4 key SEE
economies, highlighting areas of substantial healthcare
spending across the ORC care continuum.

In general, ORCs associated with the highest annual
cost per patient were found to be progressed health states
such as CVD (e.g., heart failure and angina) and CKD,
where the bulk of costs were contributed by pharmaceuti-
cal treatments, complications, treatment-related adverse
events, and inpatient procedures, which typically require
specialized tertiary care resources. Further, complica-
tions and treatment-related adverse events place substan-
tial demand on costly hospital resources where inpatient,
ICU and ER care is needed. In contrast, ORCs such as
hypertension, hyperlipidemia, and asthma were associ-
ated with a lower cost per patient. It was observed that
disease management required predominantly less costly
outpatient care resources, with comparatively lesser spe-
cialist and tertiary care resource demands. These trends
illustrate the correlation between disease severity and
relative cost burden associated with the degree of tertiary
care resources required. Notwithstanding, the high prev-
alence of hypertension and hyperlipidemia observed in
all 4 markets [11, 34, 35] mean that overall costs accrued
to the public health system continue to exert huge fiscal
pressures.

Overall, healthcare cost estimates derived from our
study vary slightly in comparison to published ORC cost
estimates in other countries with similar GDP per cap-
ita and healthcare expenditure. The annual per-person
healthcare cost for CKD in Czech Republic, Hungary
and Romania were comparable to the costs of 2,535 USD
reported in a study in Spain in 2019%%, The Spanish study
was similarly conducted from the public health perspec-
tive and representative of the average annual cost of
CKD, across all-stages of severity [38]. The substantively
higher CKD cost in Greece suggests that Greek patients
with obesity and CKD typically have later-stage CKD
which utilizes more healthcare resources especially in the
tertiary care settings [36]. The cost for heart failure in the
four countries were observed to be higher than the costs
previously reported in Poland [39] (815 EUR in 2012; 994
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EUR/ 1,035 USD in 2022) and Portugal [40] (1,159 EUR
in 2014; 1,389 EUR/ 1,447 USD in 2022). Both Polish and
Portuguese studies were similarly undertaken from the
public health perspective and representative of chronic
heart failure patients resource demands across the full
spectrum of class I-IV. The higher cost of heart failure
due to obesity aligns with the understanding that these
patients require substantially higher healthcare resources
compared to a regular heart failure patient, especially
when disease complications and treatment-related
adverse events occur.

While there have been studies available to quantify the
burden of obesity in the European region [17, 18, 39],
these studies are often limited in terms of understanding
costs from a public payer perspective. Such studies are
conducted on a top-down macro-level estimation basis
which can include extensive cost and societal assump-
tions, as well as indirect costs associated with loss of
workforce productivity. These studies do not accurately
reflect the precise costs incurred by the public payer,
which has a direct impact on healthcare spend and fiscal
budgets. Our study’s bottom-up micro-costing approach
from a public payer perspective provides the granular-
ity of specific cost components that are practice and
guideline-directed.

From a public health perspective, policies that tar-
get underlying risk factors such as obesity can prevent
chronic diseases while potentially reducing healthcare
costs in the long-term [41]. However, stretched health-
care budgets along with limited precedence in healthcare
prevention hinder the ability for healthcare systems in
these countries to explore health promotion or preven-
tative care initiatives which oftentimes do not receive
adequate attention. Currently, less than 3% of health
spending in OECD countries is allocated to public health
prevention activities which is far less than the cost bur-
den incurred for treatment of preventable non-commu-
nicable diseases [42]. Significant policy and health system
reforms to shift the concept of care from “sick” care to
preventative care and health promotion will be required.
As obesity is expected to be ever-increasing problem, this
study would allow key stakeholders such as policymakers
and healthcare professionals to understand at a micro-
level on the differences in costs across the 10 ORCs and
to prioritize and target resources for prevention and
treatment that is commensurate with the level of cost
burden. This is especially so for ORCs with higher cost
burden that requires longer-term care such as chronic
kidney disease where the public payer will incur more
costs in the longer-term, which governments should pay
greater attention and provide more resources in preven-
tative health to reduce the incidence of ORCs of such
nature. By quantifying the burden of obesity, we hope to
strengthen the economic case of potential cost savings
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and for countries to invest in obesity-related prevention
and interventions in the long-term.

Limitations

The micro-costing approach used in this study and data
sources leveraged to identify detailed healthcare costs for
the different ORCs have been described as the preferred
approach for settings were direct HCRU or cost data are
unavailable [43, 44]. Micro-costing in the current study
was based on an extensive data collection exercise, com-
prising nationwide surveys in each country with stringent
inclusion criteria for participating healthcare providers
and payers/hospital administrators. However, it should
be noted that the costs derived are estimates provided
by respondents instead of registry-derived costs across
these countries where some specific inaccuracies are
expected. In the absence of real-world data from these
countries, these estimates provide a generalised under-
standing of the financial burden associated with obesity
and its comorbidities.

Second, this study provides a comprehensive overview
of the healthcare burden of obesity in these four coun-
tries but at an individual ORC level, which may lead to
the assumption that a patient with obesity will only expe-
rience one ORC. A patient with obesity is likely to expe-
rience more than one ORC on average in their lifetime
[45], where additional costs or care synergies may need
to be considered to accurately reflect actual burden. Not-
withstanding, analysing from an individual ORC angle
provides a starting point to understand the variations
in cost burden across the various ORCs explored in this
study to further delve into potential ORC combinations
when assessing burden in greater detail. This study could
also form a useful resource for downstream economic
evaluation exercises when assessing the value of new
interventions.

Finally, it should be noted that the present study pro-
vides a conservative estimate, where it only considers the
direct costs of ORCs from the public sector perspective
that is reimbursed and does not include out-of-pocket
costs, or indirect costs that arise from lost produc-
tivity and/or early retirement and other non-clinical
components.

Conclusion

Our results confirm that obesity and its comorbidi-
ties result in substantial financial burden to the health
systems in these four countries, with potential cost
savings that can be realised by preventing or delaying
ORC occurrence. The study’s bottom-up micro-costing
approach provides an accurate and granular perspec-
tive to the financial burden of illness from a public payer
perspective due to its direct impact towards healthcare
budgets.
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Overall, the approach used in this study provides cost
of illness estimates that could not otherwise be obtained
at time of writing, demonstrating costs and HCRU
across the full care continuum in a consistent and com-
prehensive manner. This is highly relevant for individu-
als, society, and policy- or decision-makers, and can be
harnessed to inform translational research as well as
targeted interventions against obesity and its comorbidi-
ties. Further, learnings from our study’s micro-costing
approach should also be leveraged to drive efforts to opti-
mise health information platforms that overcome current
limitations around real-world patient data. A robust and
reliable patient registry will facilitate data-driven deci-
sions and enable better integrated care plans for the dis-
ease and its comorbidities. By quantifying the burden of
obesity on health from a public healthcare perspective,
our study aims to support policy efforts towards health
education and promotion in combating obesity in the
region.

Future research could consider a broader scope on
assessing burden of illness and undertake a public health
perspective on preventative health. Specific factors con-
tributing to the burden of obesity and ORCs can be
explored to allow policymakers and relevant stakeholders
to devise targeted policies and programmes. Given the
limitations of relying on survey-reported costs, the ability
to access cost and HCRU data becomes crucial to better
reflect the realities of cost burden from the public payer
perspective. Additionally, further studies can include
from various perspectives such as the patient and socio-
economic perspective to better reflect the realities of the
impact of obesity has overall to a particular country and
region.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512913-024-10840-4.

Supplementary Material 1

Supplementary Material 2

Acknowledgements

The authors would like to thank all physicians who have provided data for
the study. The study team would also like to thank Sharanya J. Jois for her
assistance with data cleaning for the analyses.

Author contributions

KA., CB., AK,GS, KHK, AB., M.B.and AG. contributed equally to the

study concept and design, interpretation of data and critical revision of the
manuscript. M.K. and K.L. contributed equally to the study concept and design,
interpretation of data and critical revision of the manuscript.All authors read
and approved the final manuscript.

Funding
This study was funded by Novo Nordisk.


https://doi.org/10.1186/s12913-024-10840-4
https://doi.org/10.1186/s12913-024-10840-4

Athanasakis et al. BMC Health Services Research (2024) 24:354

Data availability
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods in relation to this study were conducted in accordance with
the ESOMAR guidelines and the Declaration of Helsinki (1964). Informed
consent was obtained from all survey participants for anonymized data to
be included in publications and were advised that any adverse events or
product complaints raised would be reported to the relevant company. The
study authors judged that no ethical review board permission was required
for this study for the following reasons: (1) no patient-level data/ health data
was collected, and no patient subjects were interrogated; (2) no subject-
identifiable data were generated; (3) surveillance activities implied no risk
or burden for any individuals; and (4) participants involved were physicians
(doctors) in the capacity of a simple quantitative survey, where there was no
impact on healthcare practice, standard of care or quality of care for patients
in any capacity.

Consent for publication
Not applicable.

Competing interests

KA declares receiving honoraria from Novo Nordisk for attending advisory
boards and presenting at lectures. CB declares receiving honoraria from Novo
Nordisk for presenting at lectures. CB is a board member of the Romanian
Society of Diabetes, Nutrition, Metabolic Diseases; the Vice President of the
Romanian Society of Hypertension; Honorary President of the Association

for Education in Diabetes and Obesity; and Vice President of the Romanian
Association for the Study of Obesity. AK declares receiving honoraria from
Novo Nordisk for consulting services, attending advisory boards, presenting
at lectures and a research grant, for different studies and paid to the Medical
School of the National and Kapodistrian University of Athens, Athens, Greece.
AK also declares receiving support from Novo Nordisk for attending meetings
and/or travel. AK is the Chairman of the Metabolic Surgery Study Group; and
the Vice President of the Hellenic Medical Association for Obesity.GS declares
receiving honoraria from Novo Nordisk for attending advisory boards and
presenting at lectures. GS also declares receiving support from Novo Nordisk
for attending meetings and/or travel. GS is a board member of the Hungarian
Society of Atherosclerosis; and the secretary general of the Hungarian Society
of Obesity and Exercise Therapy. KHK declares receiving honoraria from Novo
Nordisk for consulting services, attending advisory boards and presenting at
lectures. KHK is a board member of the Czech Society of Diabetology and the
Czech Society of Obesitology. AB and MB are employees of Novo Nordisk.

Received: 26 July 2023 / Accepted: 7 March 2024
Published online: 19 March 2024

References

1. World Obesity Atlas. 2023; World Obesity Federation: March 2023, 2023.

2. Obesity. Missing the 2025 global targets; World Obesity Foundation: March
2020, 2020; pp 1-242.

3. Malnick SDH, Knobler H. The medical complications of obesity. QJM: Int J
Med. 2006;99(9):565-79.

4. VisscherTL, Seidell JC. Public Health Impact Obes. 2001,22(1):355-75.

5. Gallus S, Lugo A, Murisic B, Bosetti C, Boffetta P, La Vecchia C. Overweight and
obesity in 16 European countries. Eur J Nutr. 2015;54(5):679-89.

6. Marques A, Peralta M, Naia A, Loureiro N, de Matos MG. Prevalence of adult
overweight and obesity in 20 European countries, 2014. Eur J Pub Health.
2017,28(2):295-300.

7. Stival C, Lugo A, Odone A, van den Brandt PA, Fernandez E, Tigova O,
Soriano JB, José Lopez M, Scaglioni S, Gallus S. Prevalence and correlates of
overweight and obesity in 12 European countries in 2017-2018. Obes Facts.
2022;15(5):655-65.

8. World Health Organization. Regional Office for, E, WHO European Regional
Obesity Report 2022. World Health Organization. Regional Office for Europe:
Copenhagen, 2022.

20.

21.

22.

23.

24.

25.

26.

27.

28.

30.

31.

32

Page 9 of 10

Ponce-Garcia |, Simarro-Rueda M, Carbayo-Herencia JA, Divison-Garrote

JA, Artigao-Rédenas LM, Botella-Romero F, Palazédn-Bru A, Martinez-St.

John DRJ, Gil-Guillén VF, Geva. Prognostic Value of Obesity on both overall
mortality and Cardiovascular Disease in the General Population. PLoS ONE.
2015;10(5):e0127369.

Touloumi G, Karakosta A, Kalpourtzi N, Gavana M, Vantarakis A, Kantzanou M,
Hajichristodoulou C, Chlouverakis G, Trypsianis G, Voulgari PV, Alamanos Y,
Makrilakis K, Liatis S, Chatzipanagiotou S, Stergiou G, Yannis A, Alexis B, Grigo-
ris C, Christos H, Anna K, George S, Giota T, Grigoris T, Apostolos V, Paraskevi
V, Argiro K, Nikos P, Georgia V, Natasa K, Klea K, Maria K, Xenia C, Magda G,
Bettina H, Christos H, George R, Paraskevi WV, llias N, Koustenis P, Konstantinos
M, Stavros L. High prevalence of cardiovascular risk factors in adults living in
Greece: the EMENO National Health Examination Survey. BMC Public Health.
2020;20(1):1665. on behalf of the, E. s. g.

Vlad T, Berbecar GI, Mircescu G. Prevalence of hypertension and cardiovascu-
lar disease in the rural population: results from the Romanian mobile health
caravans. J Community Med Public Health Rep. 2021,2:9.

Lu W, Pikhart H, Tamosiunas A, Kubinova R, Capkova N, Malyutina S, Pajak

A, Bobak M. Prevalence, awareness, treatment and control of hypertension,
diabetes and hypercholesterolemia, and associated risk factors in the Czech
Republic, Russia, Poland and Lithuania: a cross-sectional study. BMC Public
Health. 2022;22(1):883.

Report Card Hungary. https://data.worldobesity.org/country/hungary-93/
report-card.pdf (accessed 10 April).

Iski G, Rurik I. The estimated economic burden of overweight and obesity in
Hungary. Orv Hetil. 2014;155(35):1406-12.

Klarenbach S, Padwal R, Chuck A, Jacobs P. Population-Based Anal Obes
Workforce Participation Obes. 2006;14(5):920-7.

Knai C, Suhrcke M, Lobstein T. Obesity in Eastern Europe: an overview of its
health and economic implications. Econ Hum Biology. 2007;5(3):392-408.
Landovska P, Karbanové M. Social costs of obesity in the Czech Republic. The
European Journal of Health Economics; 2022.

Mdaller-Riemenschneider F, Reinhold T, Berghdfer A, Willich SN. Health-eco-
nomic burden of obesity in Europe. Eur J Epidemiol. 2008;23(8):499.
Okunogbe A, Nugent R, Spencer G, Powis J, Ralston J, Wilding J. Economic
impacts of overweight and obesity: current and future estimates for 161
countries. 2022, 7 (9), 009773.

Haase CL, Lopes S, Olsen AH, Satylganova A, Schnecke V, McEwan P. Weight
loss and risk reduction of obesity-related outcomes in 0.5 million people:
evidence from a UK primary care database. Int J Obes. 2021,45(6):1249-58.
Chapel JM, Wang G. Understanding cost data collection tools to improve
economic evaluations of health interventions. 2019, 4 (4), 214-222.
Spacirova Z, Epstein D, Garcia-Mochén L, Rovira J, Olry de Labry Lima A, Espin
J. A general framework for classifying costing methods for economic evalua-
tion of health care. Eur J Health Econ. 2020;21(4):529-42.

Drummond MF, Claxton SM, Stoddart K, Torrance GL. GW., Methods for the
Economic Evaluation of Health Care Programmes. Oxford University Press;
2015.

Algahtani SA, Al-Omar HA, Alshehri A, Abanumay A, Alabdulkarim H, Alru-
maih A, Eldin MS, Schnecke V. Obesity Burden and Impact of Weight loss in
Saudi Arabia: a modelling study. Advances in Therapy; 2023.

List of reimbursed medicinal products. https://www.sukl.eu/ (accessed 30
March 2023).

General Health Insurance Company of the Czech Republic. https://www.vzp.
cz/poskytovatele/ciselniky/zdravotni-vykony (accessed 30 March 2023).
Czech DRG, Classification System. CZ-DRG 4.0. https://drg.uzis.cz/klasifikace-
pripadu-v4/web/klasifikator/?main-diagnosis=F523&prefill=true (accessed 30
March 2023).

Dalal JJ, Padmanabhan TNC, Jain P, Patil S, Vasnawala H, Gulati A. LIPITENSION:
Interplay between dyslipidemia and hypertension. 2012, 16 (2), 240-5.

Miao J, Zang X, Cui X, Zhang J. Autophagy, Hyperlipidemia, and atherosclero-
sis. In: Le W, editor. Autophagy: Biology and diseases: clinical science. Springer
Singapore: Singapore,; 2020. pp. 237-64.

Pollevick ME, Xu KY, Mhango G, Federmann EG, Vedanthan R, Busse P, Holguin
F, Federman AD, Wisnivesky JP. The Relationship between Asthma and
Cardiovascular Disease: an examination of the Framingham offspring study.
CHEST 2021, 159 (4), 1338-45.

Tattersall MC, Guo M, Korcarz CE, Gepner AD, Kaufman JD, Liu KJ, Barr RG,
Donohue KM, McClelland RL, Delaney JA, Stein JH. Asthma Predicts Cardio-
vasc Disease Events. 2015;35(6):1520-5.

Gheorghe A, Griffiths U, Murphy A, Legido-Quigley H, Lamptey P, Perel

P. The economic burden of cardiovascular disease and hypertension in


https://data.worldobesity.org/country/hungary-93/report-card.pdf
https://data.worldobesity.org/country/hungary-93/report-card.pdf
https://www.sukl.eu/
https://www.vzp.cz/poskytovatele/ciselniky/zdravotni-vykony
https://www.vzp.cz/poskytovatele/ciselniky/zdravotni-vykony
https://drg.uzis.cz/klasifikace-pripadu-v4/web/klasifikator/?main-diagnosis=F523&prefill=true
https://drg.uzis.cz/klasifikace-pripadu-v4/web/klasifikator/?main-diagnosis=F523&prefill=true

Athanasakis et al. BMC Health Services Research

33.

34.

35.

36.

37.

38.

(2024) 24:354

low- and middle-income countries: a systematic review. BMC Public Health.
2018;18(1):975.

Ferrara P, Di Laura D, Cortesi PA, Mantovani LG. The economic impact of
hypercholesterolemia and mixed dyslipidemia: a systematic review of cost of
illness studies. PLoS ONE 2021, 16 (7), e0254631.

Mohamed-Yassin M-S, Baharudin N, Abdul-Razak S, Ramli AS, Lai NM. Global
prevalence of dyslipidaemia in adult populations: a systematic review proto-
col. 2021, 11 (12), e049662.

Mikhail V, lonov NEZ, Alexandra O, Konradi. Status of hypertension in Russia
and Eastern Europe. Eur Soc Cardiol. 2019;17:24.

Stel VS, de Jong RW, Kramer A, Andrusev AM, Baltar JM, Barbullushi M, Bell S,
de la Castro P, Cernevskis H, Couchoud C, De Meester J, Eriksen BO, Garneatd
L, Golan E, Helve J, Hemmelder MH, Hommel K, loannou K, Jarraya F, Kantaria
N, Kerschbaum J, Komissarov KS, Magaz A, Mercadal L, Ots-Rosenberg M,
Pélsson R, Rahmel A, Rydell H, Savino M, Seyahi N, Slon Roblero MF, Stojceva-
Taneva O, van der Tol A, Vazelov ES, Ziginskiene E, Zurriaga 0, Vanholder RC,
Massy ZA, Jager KJ. Supplemented ERA-EDTA Registry data evaluated the
frequency of dialysis, kidney transplantation, and comprehensive conserva-
tive management for patients with kidney failure in Europe. Kidney Int.
2021;100(1):182-95.

Niki Kalavrezou HJ. Healthcare Reform in Greece: Progress and Reform Priori-
ties. 2021.

Escobar C, Palacios B, Aranda U, Capel M, Sicras A, Sicras A, Hormigo A, Alca-
zar R, Manito N, Botana M. Costs and healthcare utilisation of patients with
chronic kidney disease in Spain. BMC Health Serv Res. 2021;21(1):536.

39.

40.

41.
42.

43.

45.

Page 10 of 10

Czech M, Opolski G, Zdrojewski T, Dubiel JS, Wizner B, Bolisega D, Fedyk-
tukasik M, Grodzicki T. 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 car. Kardiologia Polska
(Polish Heart Journal). 2013;71(3):224-32.

Fiorentino F, Ascencao R, Gouveia M, Costa J, Broeiro P, Fonseca C, Borges M.
The cost of illness of heart failure in Portugal. Value Health. 2017;20(9):A610.
Sassi F, Hurst J. The Prevention of Lifestyle-Related Chronic Diseases. 2008.
Gmeinder M, Morgan D, Mueller M. How much do OECD countries spend on
prevention? 2017.

Frick KD. Microcosting Quantity Data Collection Methods. 2009, 47 (7_
Supplement_1), S76-S81.

Xu X, Lazar CM, Ruger JP. Micro-costing in health and medicine: a critical
appraisal. Health Econ Rev. 2021;11(1):1.

Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The
incidence of co-morbidities related to obesity and overweight: a systematic
review and meta-analysis. BMC Public Health. 2009;9(1):88.

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



	﻿The economic burden of obesity in 4 south-eastern European countries associated with obesity-related co-morbidities
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Identification of cost categories
	﻿Quantification of cost categories
	﻿Cost calculations
	﻿Data validation

	﻿Results
	﻿Total annual costs for obesity-related comorbidities across the 4 countries
	﻿Chronic kidney disease (CKD)
	﻿Heart failure
	﻿Type 2 diabetes (T2DM)

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


