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Abstract: Background/Objectives. The study aims to observe and compare the real-world total costs
of hospitalization in patients with chronic heart failure (CHF) and metabolic syndrome (MetS) from
an upper-middle-income European country. Methods. Data were electronically retrieved from three
different internal medicine departments of university hospitals in Bucharest, Romania, including all
admissions from December 2023 to June 2024. Collected data included demographics, cost of
hospitalization (€), and discharge diagnoses (ICD10 codes, used to calculate the Charleston
comorbidity index - CCI and to define a MetS surrogate definition). Results. Database query retrieved
4732 hospitalizations (median duration of 4 days; median cost of 1002€) of unique patients (53.9%
women, average age of 68.7 years), of whom 48.0% had CHF and 11.0% classified as MetS. Compared
to men, women were significantly older, with significantly higher prevalence of CHF, but similar
median hospitalization duration and costs. Compared to patients without CHF or MetS, those with
CHF or MetS were significantly older, with more comorbidities (CCI) and with higher median
hospitalization duration, total cost and cost/day of hospitalization. The total cost of hospitalization
increases steadily from a minimum in patients without CHF or Met to a maximum in patients with
both conditions. Conclusions. CHF is highly prevalent among patients admitted to internal medicine
wards and it is more prevalent among hospitalized women, without significant hospitalization cost
differences compared to men. CHF and MetS incrementally increased the total costs of hospitalization
in a DRG-based reimbursement systems.

Keywords: cost; chronic heart failure; metabolic syndrome; hospitalization

1. Introduction

Chronic heart failure (CHF) is a progressive clinical syndrome which arises most commonly
from structural or functional cardiac abnormalities, often secondary to ischemic heart disease, arterial
hypertension, valvular disorders, or cardiomyopathies. Pathophysiologically, CHF involves
neurohormonal activation, leading to maladaptive compensatory mechanisms such as sympathetic
nervous system overactivation and renin-angiotensin-aldosterone system upregulation [1,2]. These
processes contribute to fluid retention, ventricular remodeling, and progressive myocardial
dysfunction. Clinically, CHF manifests as dyspnea, fatigue, fluid overload, and exercise intolerance,
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significantly impairing quality of life. Management strategies include pharmacological interventions
(such as beta-blockers, renin-angiotensin system inhibitors, sodium-glucose cotransporter-2
inhibitors and mineralocorticoid receptor antagonists), alongside non-pharmacological measures,
including lifestyle modifications and device-based therapies [3-6]. Despite advances in treatment,
CHF remains a major cause of morbidity and mortality worldwide, necessitating ongoing research
into novel therapeutic approaches [7,8].

Consequently, CHF entails a substantial economic burden on healthcare systems worldwide due
to its high prevalence, frequent hospitalizations, and long-term management requirements [7,9-12].
The costs associated with CHF are primarily driven by hospital admissions [13], pharmacological
therapies, outpatient care, and the need for advanced interventions such as implantable devices [14]
or heart transplantation [15]. Indirect costs, including loss of productivity and caregiver burden,
further contribute to the financial impact. In developed countries, CHF accounts for a significant
proportion of total healthcare expenditures [16], with costs projected to rise due to aging populations
and increasing disease prevalence [17]. Strategies to reduce the economic burden of CHF include
optimizing medical therapy, promoting early diagnosis, and implementing preventive measures to
reduce hospital readmissions and disease progression [18-20].

The metabolic syndrome (MetS) has a high prevalence among CHF patients [21]. The
International Diabetes Foundation (IDF) defined MetS as the co-occurrence of central obesity and any
two of the following: elevated triglycerides, reduced HDL-cholesterol, elevated blood pressure,
elevated fasting plasma glucose [22]. The interplay between MetS and CHF) is multifaceted,
involving both the contribution of MetS to CHF development and its influence on patient outcomes.
On one hand, the MetS can act as a risk factor for CHF through visceral adiposity, which initiates
chronic inflammation and insulin resistance, which can lead to myocardial dysfunction and
subsequent heart failure [23]. Additionally, CHF and the MetS share biomarkers and pathways
relating to obesity, lipid metabolism and chronic inflammation, such as leptin, fatty acid-binding
protein 4, interleukin-1 receptor antagonist, tumor necrosis factor receptors, proto-oncogene tyrosine-
protein kinase receptor Ret [24], C-reactive protein (CRP) [25] and hormonal deficiency [26]. In this
context, their association has been rightly named the cardiometabolic syndrome [27,28], as opposed
to the cardiorenal syndrome [29,30]. On the other hand, the presence of the MetS may cause negative
prognostic implications for CHF patients [31,32], an observation which still needs investigation. Last
but not least, the MetS significantly increases healthcare costs [33].

In this context, the current study aims to observe and compare the real-world total costs of
hospitalization in patients with CHF and MetS from an upper-middle-income European country.

2. Materials and Methods

2.1. Data

Data were electronically retrieved from three different internal medicine departments of
university hospitals in Bucharest, Romania, covering an admission timeframe from December 2023
to June 2024. All patients admitted to the hospital in the specified period were included, and the first
admission form each unique patient was retained for analysis. On admission, all patients gave written
informed consent for the scientific use of personal and medical data. Collected data included sex, age,
admission and discharge dates, cost of hospitalization (reported at an approximate exchange rate of
5 Romanian leu for 1 €uro), discharge diagnoses coded with the 10th version of the International
Classification of Diseases (ICD10). The retrospective design and missing data did not allow for
quantitative measurement retrieval of definition criteria, ICD10 codes were used to identify
diagnoses included in the Charleston comorbidity index (CCL Table 1) [34] and in the definition of
the MetS (defined as either: E66 + 110 + E11, or E66 + 110 + E78.0-5, or E66 + E11 + E78.0-5).

Table 1. ICD10 codes for the studied diagnoses.

diagnosis ICD10 code
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chronic heart failure 150

myocardial infarction 121, 125

peripheral vascular disease 173

cerebrovascular disease 160, 161, 163, 164, 167, G45.8, G45.9
dementia F00, FO1, FO3

chronic pulmonary disease J44

rheumatic disease MO05, M06, M45, 1.40.5, M07, M32, M33, M34, M35
peptic ulcer disease K27

cirrhosis K70, K71, K74, K76

variceal bleeding 185.0, 198.3

diabetes mellitus E10, E11, E12, E13, E14
hemiplegia G81

chronic kidney disease N18

solid tumor C

metastatic cancer C78, C79, C80

leukemia C90, C91, €92, C93, C94, C95
lymphoma (81, C82, C83, C84, C85, C86, C88
AIDS B20, B21, B22, B23, B24

obesity E66

arterial hypertension 110

dyslipidemia E78

Abbreviations: AIDS - acquired immune-deficiency syndrome; ICD10 — International Classification of Diseases

version 10.

2.2. Hospitalization Costs

Since 2003, in Romania, public hospital financing is primarily managed through a system based
on Diagnosis-Related Groups (DRGs), using initially the Australian Refined DRG (AR-DRG) version
5 for hospital reimbursement [35], which was modified in 2010, when Romania developed its own
DRG variant (RO-DRG), incorporating new definitions for comorbidities and complications, and
adjusting grouping limits for certain cases. This system undergoes periodic updates to enhance its
applicability to the Romanian healthcare context. The financial mechanism of hospital
reimbursement consists of prospective payments comprising a mix of methods, including DRG-based
case payments, day tariffs, lump sums for national health programs, and fee-for-service payments
for outpatient services. The DRG component is central, determining reimbursement based on the
complexity and resource needs of treated cases.

2.3. Statistics

Data distribution normality was assessed using descriptive statistics, normality, stem-and-leaf
plots and the Lillefors corrected Kolmogorov-Smirnov tests. Continuous variables are reported as
“mean + standard deviation” (SD) if normally distributed, or as “median (interquartile range)” (IQR)
if non-normally distributed, while nominal variables are reported as “absolute frequency (percentage
of group or subgroup)”. The difference of continuous variables among subgroups were assessed by
independent-sample t tests (for normally distributed continuous variables among groups of
dichotomous nominal variables) or Mann Whitney and Kruskal Wallis tests (for non-normally
distributed continuous variables among groups of nominal variables with two or more states), while
associations of dichotomous categorical variables were assessed using x? tests. All tests were
performed using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., released 2019, Armonk,
NY).

3. Results
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Database query retrieved 4732 admissions of unique patients within the timeframe. The patients
included in the lot were more frequently women (53.9%) and they had an average age of 68.7 years

(Table 2).
Table 2. General characteristics (n = 4732).

variable observed
women 53.9%
men 46.1%
age (years, average + SD) 68.7+13.4
hospitalization duration (days, median (IQR) 4.0 (5.9)
total cost of hospitalization (€, median (IQR)* 1002 (7338)
cost per day of hospitalization (€, median (IQR)* 322 (1477)
Charlson Comorbidity Index (average + SD) 48+25

Notes: * approximate exchange rate of 5 Romanian leu for 1 €; IQR - interquartile range; SD - standard deviation.

Regarding the diagnoses included in the CCI, CHF was highly prevalent in the sample (48.0%),
followed by diabetes mellitus (30.5%), chronic kidney disease (19.8%), myocardial infarction (18.8%)
and cirrhosis (17.3%; Table 3). Approximately 11,1% of patients were categorized as having the MetS.
Regarding the diagnoses included in the definition of the MetS, arterial hypertension was the most
prevalent (50.0%), followed by dyslipidemia (38.5%), diabetes mellitus (30.5%) and obesity (19.8%;
Table 3). In terms of costs, the median hospitalization duration was 4 days and the median cost of
hospitalization reached 1002 € (Table 2).

Compared to men, women were significantly older (average age of 70.0 + 13.7 years versus 67.3
+13.1 years; p <0.001) and they had a significantly higher prevalence of CHF (49.4% versus 46.4%; p
= 0.042; Figure 1A), but similar median hospitalization durations (4 (6) days versus 4 (6) days; p =
0.087), similar median total hospitalization costs (1002 (7346) € versus 1002 (7338) €; p = 0.938), similar
median costs per day of hospitalization (305 (1479) € versus 322 (1474) €; p =0.214) and similar median
CClI scores (5 (3) versus 5 (3); p = 0.635).

Compared to patients without CHF, those with CHF were significantly older (average age of
72.2 £11.7 years versus 65.4 + 14.1 years; p < 0.001; Figure 2A), they had significantly longer median
hospitalization durations (5 (7) days versus 3 (6) days; p < 0.001; Figure 2B), significantly higher
median total hospitalization costs (1014 (7198) € versus 728 (7384) €; p <0.001; Figure 2C), significantly
higher median costs per day of hospitalization (327 (1479) € versus 312 (1476) €; p = 0.044) and
significantly higher median CCI scores without including CHF itself (5 (3) versus 4 (3); p < 0.001;
Figure 2D).

Table 3. Prevalence of diagnoses included in the CCI and metabolic syndrome definition (n = 4732).

diagnosis prevalence diagnosis prevalence
chronic heart failure 48.0% hemiplegia 0.4%
myocardial infarction 18.8% chronic kidney disease 19.8%
peripheral vascular disease 0.9% solid tumor 8.7%
cerebrovascular disease 6.5% metastatic cancer 2.8%
dementia 4.8% leukemia 0.5%
chronic pulmonary disease 9.6% lymphoma 0.3%
rheumatic disease 2.9% AIDS 0.1%
peptic ulcer disease 0.0% obesity 19.8%
cirrhosis 17.3% arterial hypertension 50.0%
variceal bleeding 0.0% dyslipidemia 38.5%
diabetes mellitus 30.5% metabolic syndrome 11.1%

Abbreviations: AIDS - acquired immune-deficiency syndrome; CCI - Charlson Comorbidity Index.
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Figure 1. The prevalence of chronic heart failure (CHF) among sexes (A: 2552 women and 2180 men; p = 0.042)
and among patients with or without the metabolic syndrome (B: n =526 and n = 4206 respectively; p < 0.001).

Compared to patients without the MetS, patients with the MetS were more frequently women
(46.9% versus 39.2%; p < 0.001), were significantly older (68.8 + 13.7 years versus 67.5 + 11.1 years; p
=0.029) and they had a significantly higher prevalence of CHF (55.7% versus 47.1%; p = 0.042; Figure
1B), similar median hospitalization durations (4 (5) days versus 4 (6) days; p = 0.552), but significantly
higher median total hospitalization costs (6552 (7197) € versus 951 (7350) €; p < 0.001), significantly
higher median costs per day of hospitalization (906 (2500) € versus 285 (1215) €; p < 0.001) and
significantly higher median CClI scores (5 (3) versus 4 (3); p < 0.001).

The total cost of hospitalization increases steadily from a minimum in patients without CHF or
Met to a maximum in patients with both conditions (Figure 3).
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Figure 2. Differences among patients with or without chronic heart failure (CHF) in terms of age (A; p = 0.042),
hospitalization duration (B; p <0.001), cost of hospitalization (C; p <0.001) and CCI score without including CHF
(D; p <0.001). Note: hospitalization duration and cost of hospitalization are reported as natural logarithms.
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Figure 3. The median total hospitalization cost (€) in patients with or without chronic heart failure (CHF),
metabolic syndrome (MetS) and their combinations (Mann Whitney H = 162 (3), p < 0.001).

4. Discussion

The first observation of the current study is the higher prevalence of CHF among women (who
were also significantly older than men), without significant hospitalization cost differences compared
to men. This difference emerges in pre-diagnosis period since men and women exhibit different risk
profiles for CHF [36,37]: men are more likely to develop CHF heart failure with reduced ejection
fraction, often resulting from ischemic heart disease, whereas women more frequently exhibit
preserved ejection fraction, which is commonly associated with arterial hypertension, obesity, and
MetS [38,39]. Additionally, hormonal factors, particularly estrogens, may provide some
cardioprotective effects in premenopausal women, potentially delaying the onset of CHF compared
to men. Men with CHF typically show greater ventricular dilation and systolic dysfunction, whereas
women often have preserved systolic function but exhibit diastolic dysfunction. Women with CHF
are more likely to experience symptoms such as dyspnea and fatigue (which prone them to seek
hospitalization), and consequently lower quality of life [40,41], while men may present with more
overt signs of volume overload, such as peripheral edema [42,43]. Furthermore, women tend to have
a heightened inflammatory response [44], which may contribute to differences in disease progression
and prognosis [45,46]. Diagnosis of CHF in women is often delayed due to atypical symptoms and
under-recognition of preserved ejection fraction [47-49]. Despite these differences, women generally
have better survival rates than men with CHF [50,51], particularly in cases of preserved ejection
fraction. The reasons for this survival advantage are not fully understood [52], but may be related to
differences in ventricular remodeling, hormonal influences, and healthcare-seeking behaviors. Social
factors, including disparities in access to care and adherence to treatment, may also play a role in
gender differences in CHF outcomes. Studies have also identified gender differences in healthcare
costs among patients with CHF: men with CHF often incur higher healthcare expenses compared to
women [53,54], an observation which was not replicated by the current study. These disparities may
be attributed to several factors, including differences in disease severity, comorbidities, and treatment
approaches between sexes.

Apart from prevalence differences among sexes, another observation of the current study is the
high prevalence of CHF (48.0%) among patients admitted to internal medicine wards. The literature
confirms that CHF is a significant contributor to hospital admissions globally. While the exact
proportion of CHF among hospitalized patients varies by region and study, several studies provide
insight into its prevalence. For example, a nationwide analysis in Thailand between 2008 and 2013
reported that heart failure in adult patients accounted for approximately 1.7% of all adult
hospitalizations during that period [55]. Another relevant report comes from Spain, where the Basque
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Health Service, analyzing data from 2011-2015, reported that 36% of unplanned admissions were due
to heart failure [56]. These findings highlight the substantial impact of CHF on hospital admissions
and underscore the importance of effective management strategies to reduce hospitalization rates
among CHF patients. In parallel with the high prevalence of CHF, the study observed a relatively
low prevalence of MetS (11.1%) among hospitalized patients (while the literature consistently reports
high prevalence rates among hospitalized patients, regardless of their primary diagnoses and profiles
[57-59]), which is probably caused by under-reporting of relevant ICD codes and which underlines
on the weaknesses of the DRG system: concentration on ICD10 codes which increase the case’s
complexity.

The main observation of the study is the confirmation in a particular medical and financial
environment that CHF and MetS increase costs of hospitalization. There are multiple mechanisms
through which CHF significantly increases hospitalization costs, including prolonged hospital stays,
frequent readmissions, intensive treatments, use of specialized hospital units, the management of
comorbidities and end-of-life care needs. The point that the current study raises is that
hospitalizations account for a significant portion of CHF-related healthcare expenditures: some
studies report that approximately 75% to 80% of direct costs for heart failure are attributable to
inpatient hospital stays [9]. Therefore, further research should aim at reducing CHF hospitalization
costs, which most likely requires a complex approach, including preventing hospital admissions with
better outpatient care [60], shortening hospital stays with standardized management protocols,
preventing readmissions with post-discharge monitoring [61] and using advanced therapies and
technologies to reduce long-term costs. This issue should be more relevantly addressed in the specific
nation-based medical system, especially in emergent economies, where saving unnecessary costs may
increase healthcare accessibility.

There are several limitations of this study which may impact the interpretation of its results.
First, the descriptive retrospective design does not establish cause-and-effect relationships between
CHF and hospitalization costs (for example, higher costs may be due to disease severity,
comorbidities, or hospital policies) and does not allow for the evaluation of long-term outcomes (e.g.,
readmission expenses, medication adherence costs, home healthcare and rehabilitation expenses).
Second, indirect costs (e.g., lost productivity, caregiver burden) were not recorded, underestimating
the total economic impact. Third, a selection bias may have not allowed for the study to capture all
CHEF patients, especially those treated in outpatient settings and those who avoid hospitalization due
to financial or geographic barriers. Since the data are collected from a single city, findings may not
be generalizable to other healthcare settings or populations. Lastly, since the study relied on hospital
records, errors in coding or missing data may affect the accuracy of cost estimates.

5. Conclusions

CHEF is highly prevalent (48.0%) among patients admitted to internal medicine wards and it is
more prevalent among hospitalized women, without significant hospitalization cost differences
compared to men. CHF and MetS incrementally increased the total costs of hospitalization in a DRG-
based reimbursement systems. Addressing CHF-related costs requires early disease management,
optimized outpatient care, and reducing preventable hospital admissions.
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The following abbreviations are used in this manuscript:

AIDS  acquired immune-deficiency syndrome
CCI  Charleston comorbidity index

CHF chronic heart failure

CRP  C-reactive protein

DRG Diagnosis-Related Groups

HDL  high density lipoproteins

ICD  International Classification of Diseases
IDF  International Diabetes Foundation
IOR  interquartile range

MetS metabolic syndrome

SD standard deviation
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