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Abstract

Aims Heart failure (HF) burden is displaying significant inter-regional differences within Europe and within countries. Due to
limited data focusing on regional differences, our aim was to evaluate HF hospitalizations, readmissions, and mortality burden
in Slovenian statistical regions.

Methods and results The Slovenian National Hospitalization Discharge Registry was searched for HF hospitalizations in pa-
tients 20 years or over in the period 2004-12. Annual sex and age-standardized HF hospitalizations, mortality, and HF
readmissions rates were calculated for Slovenia and for each Slovenian statistical region. Trends were evaluated using ANOVA.
Multiple mixed effect logistic regression models, which included statistical region, admission year, sex, age, intensive care unit
treatment, and co-morbidities as a fixed effect and hospital identifier as a random effect, were calculated for mortality and
readmissions. Overall, 156 859 HF hospitalizations (55 522 where HF was coded as a main diagnosis and 43 606 as first HF hos-
pitalizations) were recorded. Annual standardized rates varied considerably between statistical regions for main (220-511) and
first HF hospitalization (392-721), 30 day (12.6-27.1) and 1 year mortality (66—117), and 30 day (31-80.8) and 1 year readmis-
sion (99-24) (per 100 000 patient years in 2012). Yearly decline in HF hospitalization rates was seen for national main (3.6;
0.001) and first (8.4; 0.083) HF hospitalizations, while individual regional main and first HF hospitalization trends mostly did
not reach statistical significance. No relevant differences in mortality and readmission endpoints for statistical regions were
seen when adjusted for patient demographics and specific co-morbidities.

Conclusions Significant regional differences in standardized HF hospitalization, mortality, and readmissions between the re-
gions were seen. There were no differences in mortality and readmissions between statistical regions for individual similar
patients.
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Introduction

Despite the reduction in mortality due to cardiovascular
(CV) disease in recent decade, CV disease remains the lead-
ing cause of death in Slovenia and European countries.™?
The prevalence of heart failure (HF), the end stage of sev-
eral CV diseases, is decreasing due to better prevention
and management of CV diseases and is estimated at
around 2%.3 Patients with HF have significantly reduced
health-related quality of life and worse outcomes in terms
of morbidity and mortality.** This makes HF an important

public health problem, which is mainly reflected by high
socio-economic burden and high dependency on health
care services.”®’

Similarly to CV disease, HF burden is displaying signifi-
cant inter-regional differences within Europe, with eastern
European countries reporting higher mortality rates.® Such
an East-West health gap, a variation in CV prevalence,
mortality, risk factors, and other determinants of health
are not apparent only across a continent (e.g. Europe)
but is also seen on a national level.>® In the USA, similar
observations have been reported: lower socio-economic
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status and lower number of primary care physicians per in-
habitant were related to higher mortality rates at level of
counties and states.’*™?

In Europe and Slovenia, limited epidemiologic data that fo-
cus on inter-regional differences at a national level are avail-
able for HF. Our aim was to evaluate HF hospitalizations,
readmissions, and mortality burden in Slovenian statistical
regions.

Methods
Study design and sample

This was a nationwide, retrospective, epidemiologic, observa-
tional study in patients aged 20 years or over who were hos-
pitalized with HF in Slovenia between 2004 and 2012. Hospi-
talization data were obtained from the National Hospital Dis-
charge Registry and coupled with National Death Registry
both of the National Institute of Public Health using unique
person identification number. We excluded HF hospitaliza-
tions where patients had permanent residence outside
Slovenia, were younger than 20, had mismatch between date
of death and admission, and were missing region of perma-
nent residence.

Slovenia is a central European country with about 2 mil-
lion inhabitants who are divided into 12 different statistical
regions (Table 7). The number of residents in each statisti-
cal region in 2011 varied from 44 222 (Zasavska) to
533 213 (Osrednjeslovenska) with a mean number of
166 369 (Table 1). Slovenia has a universal Bismarckian
type of social insurance health care system. Most of the in-
patient care is delivered by state-owned hospitals that in-
clude regional general hospitals, specialized clinics (e.g.
psychiatric, pulmonary, obstetric, or orthopaedics), rehabili-
tation clinics, and two tertiary centres. Reporting to the Na-
tional Hospital Discharge Registry is mandatory for all
Slovenian hospitals.

Collection of the data and HF hospitalization definitions
were reported previously.*>** In brief, we documented
hospital stay, hospital identificator, sex, age, co-morbidities,
statistical region of permanent residence, and date of
death of all patients’ HF hospitalizations. The HF hospitali-
zation was defined as a hospitalization between 2004 and
2012 where HF was coded in any of the discharge diagno-
ses (ICD-10 diagnosis codes: 150-150.9, 142-142.9, 111.0,
113.0, and 113.2).

No informed consent was required from the participants in
this study, because the data were analysed and reported
anonymously. The study was conducted in accordance with
the Declaration of Helsinki, and the protocol was approved
by the Slovenian National Medical Ethics Committee (Ap-
proval No. 55/10/14).

Definitions of study endpoints

Endpoints of the study were main HF hospitalization, first HF
hospitalization, in-hospital mortality during first HF hospitali-
zation, mortality after first HF hospitalization (30 days and
1 year), and HF readmission after first HF hospitalization
(30 days and 1 year). The main HF hospitalization was defined
as a hospitalization, where HF was coded as the principal di-
agnosis of the hospitalization. The first HF hospitalization
was defined in line with similar studies®>*®; if there was no
report of hospitalization where HF was one of the discharge
diagnoses in the previous 4 years, the index HF hospitaliza-
tion was considered as the first one. Consequently, the data
for first HF hospitalizations were available for the period
2008-12.

Statistical analysis

Numbers of annual age-standardized and sex-standardized
main and first HF hospitalizations, in-hospital, 30 day and
1 year mortality, and 30 day and 1 year HF readmissions
per 100 000 population were calculated for each Slovenian
statistical region. ANOVA was used to determine trends and
mean yearly change in standardized HF hospitalization, mor-
tality, and readmission rates. Rates were standardized using
a direct standardization method for sex-specific 5-year age
groups (20-24 to 95-99, and >100 years) and referenced
to the 2011 Slovenian population from annual reports of
the Statistical Office of the Republic of Slovenia.*”

Different mixed effects were used to determine the effect
of Slovenian statistical regions on mortality and HF readmis-
sion after first HF hospitalization, corrected for patients’ de-
mographics and co-morbidities. In logistic regression models,
we included statistical region, sex, age, year of admission,
treatment in intensive care unit, and co-morbidities as inde-
pendent variables as a fixed effect and a hospital identificator
as a random effect. By including the hospital identifier in logis-
tic regression models as a random effect, we were able to cor-
rect for possible differences in care between hospitals. Odds
ratios (OR) with 95% confidence intervals were calculated,
where the region with the largest population and highest num-
ber of events (Osrednjeslovenska) was chosen as a reference.
Statistical software R 3.2.2 (R Development Core Team) and R
package Ime4™® were used for the analyses, and P < 0.05 was
considered statistically significant.

Results

During the study period, there were 2 430 748 hospitaliza-
tions due to any disease in Slovenia, 158 303 (6.5%) of those
were with HF. After exclusion (638 residence outside Slovenia
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or missing region, 795 younger of 20 years, and 18 mismatch
between date of death and admission), the final sample
eventually included 156 859 HF hospitalizations (99.1%) of
which 55 522 were main HF hospitalizations (35.4%) and
43 606 (47.8%) were first HF hospitalizations. Differences in
patient characteristics between statistical regions are shown
in Table 1.

Main and first heart failure hospitalization rates

Annual main HF hospitalization rates (per 100 000 popula-
tion) were highest in Posavska statistical region (510 in
2004 and 511 in 2012) and lowest in Osrednjeslovenska sta-
tistical region (188 in 2004 and 195 in 2012), while national
main HF hospitalization rates were 292 in 2004 and 270 in
2012. Similarly, first HF hospitalization rates were highest in
Posavska statistical region (890 in 2008 and 709 in 2012)
and lowest in Osrednjeslovenska statistical region (405 in
2008 and 399 in 2012), while overall national rates were
553 in 2008 and 515 in 2012 (Table 2). Over the study period,
the main HF hospitalization rates for statistical regions have
declined or remained unchanged (significant decline in
Podravska, Jugovzhodna, and Obalno-kraska regions,
P < 0.05), while national rates have declined yearly by 3.6
(0.001) (Table 2). First HF hospitalization rates have declined

or remained unchanged although no significant decline was
seen. The national first HF hospitalization rates have declined
yearly by 8.4 (0.083).

Mortality and heart failure readmissions

During first HF hospitalization, 8235 (18.9%) patients died,
while of those that were discharged alive, 679 (3.9%) and
7865 (18.0%) died within 30 days and 1 year, respectively
(Table 1). In-hospital mortality was highest in Podravska
statistical region and lowest in Zasavska statistical region
(Table 1; Supporting Information, Figure SI). In multiple lo-
gistic regression, the OR for in-hospital mortality were low-
est in Pomurska, Koroska, Savinjska, Goriska, and Posavska
(Figure 1). Among the included predictors, presence of can-
cer, stroke, and pneumonia had the highest odds for in-
hospital mortality (Supporting Information, Figure S2).
Annual 30 day and 1 year mortality rates after first HF
hospitalization were highest in Zasavska and Posavska statis-
tical regions and lowest in Osrednjeslovenska, Gorenjska,
and Obalno-kraska statistical regions (Table 3). In multiple
logistic regression, the OR for 30 day and 1 year mortality
were similar between Osrednjeslovenska and any other sta-
tistical region, except for Pomurska and Gorenjska, which
had lower OR for 1 year mortality (0.650 and 0.847,

Table 2 Regional main and first HF hospitalization rates per 100 000 population

Region 2004 2005 2006 2007 2008 2009 2010 2011 2012 Change?® P
Main HF hospitalizations
Slovenia 292 297 303 292 282 281 279 273 270 -3.6 0.001
Pomurska 393 444 468 419 408 419 365 366 364 -9.3 0.039
Podravska 296 322 322 315 277 267 286 240 271 -7.7 0.018
Koroska 241 327 320 290 308 300 284 361 287 3.7 0.420
Savinjska 314 302 296 301 300 289 317 327 268 -1.3 0.597
Zasavska 435 359 433 359 366 427 378 394 364 -3.7 0.420
Posavska 510 473 614 485 570 591 582 566 511 54 0.446
Jugovzhodna Slovenija 287 263 265 259 229 214 232 225 239 -7.0 0.010
Osrednjeslovenska 188 185 187 187 188 180 184 179 195 -0.1 0.928
Gorenjska 300 303 270 257 249 264 261 275 258 -4.5 0.064
Primorsko-notranjska 231 244 224 233 205 218 200 242 220 -1.8 0.382
Goriska 347 385 423 412 410 386 341 334 331 —-6.8 0.162
Obalno-kraska 335 337 324 348 302 314 324 276 297 -6.2 0.022
First HF hospitalizations
Slovenia 553 550 553 541 515 -8.4 0.083
Pomurska 755 752 772 776 721 —-4.4 0.596
Podravska 597 605 618 615 578 -2.7 0.662
Koroska 715 560 624 603 557 —27.3 0.215
Savinjska 537 551 558 545 511 -5.7 0.387
Zasavska 887 862 788 846 649 —49.3 0.091
Posavska 890 878 933 800 709 —44.0 0.114
Jugovzhodna Slovenija 531 541 550 556 523 -0.1 0.992
Osrednjeslovenska 405 419 402 383 399 -4.9 0.290
Gorenjska 480 478 502 501 471 0.4 0.942
Primorsko-notranjska 459 500 462 471 392 -16.3 0.234
Goriska 656 608 558 600 590 -14.0 0.260
Obalno-kraska 505 474 543 457 455 -11.6 0.397

HF, heart failure.
@Average yearly change in rates.
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Figure 1 Multiple logistic regression model for in-hospital mortality. Results are shown as odds ratios with 95% confidence intervals for each statistical

region.
Region
1 Osrednjeslovenska (ref.) n 1.000 [1.000-1.000]
2 Pomurska —_— 0.536 [0.394-0.728]
3 Podravska —— 0.812[0.632-1.043]
4 Koroska —_—-— 0.605 [0.448-0.819]
5 Savinjska — 0.699 [0.561-0.870]
6 Zasavska —_— 0.790 [0.585-1.069]
7 Posavska —_—— 0.763 [0.591-0.984]
8 Jugovzhodna Slovenija —— 0.917[0.757-1.111]
9 Gorenjska —. 0.943 [0.800-1.111]
10 Primorsko-notranjska e 0.917 [0.740-1.135]
11 Goriska — 0.745 [0.595-0.934]
12 Obalno-kraska —_— 0.905 [0.719-1.138]
0.50 0.67 1.00

respectively) (Figure 2). Among the included predictors,
male sex, presence of myocardial infarction, chronic kidney
disease, and cancer had the highest odds for 30 day or
1 vyear mortality after the first HF hospitalization
(Supporting Information, Figure S3).

After first HF hospitalization, 4119 (9.4%) and 9499 (21.8%)
of patients had 30 day and 1 year HF readmission, respec-
tively. Annual 30 day and 1 year readmission rates after first
HF hospitalization were highest in Zasavska and Posavska sta-
tistical regions, while lowest in Osrednjeslovenska statistical
region (Table 4). In multiple logistic regression, the OR for
30 day and 1 year readmission were similar between
Osrednjeslovenska and any other statistical region, except
for Koroska and Obalno-kraska, which had higher OR for
30 day and 1 year readmission (Figure 3). Among the included
predictors, male sex, presence of cancer, chronic kidney dis-
ease, pulmonary disease, myocardial infarction, and diabetes
mellitus had the highest odds for 30 day or 1 year readmis-
sion after the first HF hospitalization (Supporting Information,
Figure S4).

Discussion

The national trends in main HF hospitalization, first HF hospi-
talization, 30 day mortality, and 1 year mortality rates have
decreased, while 30 day and 1 year readmission rates have in-
creased. While most of the statistical regions followed na-
tional trends, there were some exceptions. In terms of
overall HF hospitalization, mortality, and readmission rates,
differences between regions were seen. Zasavska, Posavska,
and Prekmurska statistical regions had the highest HF burden
in terms of standardized hospitalization, mortality, and read-
mission rates. When considering each individual patient, no
important differences in mortality and readmission endpoints
between statistical regions were present. The most important
predictors for mortality and readmission were sex, age, and
co-morbidities, such as cancer, myocardial infarction, stroke,
chronic kidney disease, and pulmonary disease.

In our study, the highest standardized rates were shown in
the regions with the lowest socio-economic status'® and
those with high prevalence of CV risk factors,?® while regions

ESC Heart Failure 2019; 6: 965-974
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970

D. Omersa et al.

Table 3 Standardized mortality rates per 100 000

Region 2008 2009 2010 2011 2012 Change® P
30 days

Slovenia 22.6 22.6 21.9 21.1 18.1 —-1.1 0.045
Pomurska 21.5 35.5 25.6 26.3 26.2 0 0.993
Podravska 22.9 24 20.5 24.5 14.2 -1.7 0.249
Koroska 25.6 15.4 34.5 25.6 13.9 -1.3 0.693
Savinjska 29.9 21.1 19.6 254 23.8 -0.8 0.61
Zasavska 36.6 52.8 329 41.2 14.8 -5.5 0.255
Posavska 34.8 19.3 22.5 31.7 23.2 —-1.1 0.672
Jugovzhodna 31.2 21.2 28.5 18.6 12.6 -4 0.077
Slovenija

Osrednjeslovenska 17.2 19.8 19.2 13.4 171 -0.7 0.479
Gorenjska 16.6 18.7 21.1 17.6 15.9 -0.2 0.772
Primorsko-notranjska 22 24.3 21.9 10.5 13.2 -3.2 0.094
Goriska 24.1 21.6 18 27.9 27.1 1.3 0.408
Obalno-kraska 18.8 18.1 23.2 21 14.2 -0.6 0.629

1 year

Slovenia 99 102 102 102 89 -2 0.315
Pomurska 126 151 133 121 107 -6.9 0.215
Podravska 96 100 105 117 93 1.1 0.761
Koroska 106 81 114 123 99 2.7 0.663
Savinjska 107 109 98 113 92 -2.6 0.411
Zasavska 168 176 156 170 117 -10.8 0.167
Posavska 128 146 165 147 107 -4 0.636
Jugovzhodna 92 95 106 104 78 -2 0.651
Slovenija

Osrednjeslovenska 80 84 79 71 75 -2.2 0.185
Gorenjska 82 90 101 96 87 1.5 0.587
Primorsko-notranjska 104 121 87 89 72 -9.7 0.089
Goriska 127 96 97 112 117 -0.4 0.947
Obalno-kraska 95 85 102 84 66 -5.7 0.208

@Average yearly change in rates.

with high HF hospitalization rates had also high mortality and
readmission rates. Studies from other countries also reported
differences in regional HF hospitalization rates. Casper et al.**
showed that most of the HF hospitalization burden came
from specific areas in the USA with the highest prevalence
of risk factors for CV disease. Furthermore, Ogunniyi
et al.,'® in the study in Medicare beneficiaries hospitalized
due to HF in Tennessee catchment area, reported that
counties with higher HF hospitalization rates were in general
those with lower primary care physician to Medicare benefi-
ciaries ratio and that HF hospitalization rates were higher in
rural counties. On the other hand, European study investigat-
ing potentially avoidable hospitalizations in the Spanish re-
gions of Castile and Leon found the opposite.?! Patients
from different countries have significant differences in HF
characteristics and in treatment outcomes as highlighted in
this subanalysis of CIBIS-ELD trial.?? From data presented in
our study, we can stipulate that such differences might occur
between different regions inside countries as well.

Patient’s demographics and co-morbidities have a crucial
role in the development of readmission and mortality.
While it has been shown that women develop HF later than
men,”®> men have higher mortality when compared with
women of equal age, as shown in our study. Not surpris-
ingly, co-morbidities, such as cancer, myocardial infarction,
stroke, chronic kidney disease, and diabetes, are associated

with higher mortality, while arterial hypertension and ischae-
mic heart disease were associated with lower mortality. An in-
teresting result previously reported in German study showed
that patients hospitalized with arterial hypertension and previ-
ous myocardial infarction had lower mortality.®> We believe
that patients with arterial hypertension represent overall
healthier patients with fewer other co-morbidities, whereas
patients hospitalized with advanced or severe HF are fre-
quently hypotensive. In recent years, there have been a de-
creasing trends of mortality after HF hospitalization,
consistent with other European countries.?*?> In Slovenia,
general trend of reducing HF mortality could be explained by
the reduction of CV risk factors® and improvement in the care
of HF patients.?” Even though the adherence to guidelines in
the managing of HF is improving, there is still room for im-
provement and better detection of patients at risk.?®°
Proportions of in-hospital mortality and outcomes after
discharge for first HF hospitalizations have shown large re-
gional variations. Also, standardized mortality and readmis-
sion rates were different between regions, and large
differences in trends between regions were observed. Even
though there were significant differences in standardized HF
hospitalization, mortality, and readmission rates between sta-
tistical regions, each comparable patient from different re-
gions had the same odds for mortality or readmission
endpoints. Differences in standardized rates might reflect

ESC Heart Failure 2019; 6: 965-974
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Figure 2 Multiple logistic regression models for 30 day and 1 year mortality. Results are shown as odds ratios with 95% confidence intervals for each

statistical region.

Region

1 Osrednjeslovenska (ref.)

2 Pomurska
3 Podravska
4 Koroska

5 Savinjska
6 Zasavska
7 Posavska

8 Jugovzhodna Slovenija

9 Gorenjska

10 Primorsko-notranjska

11 Goriska
12 Obalno-kraska

30-day mortality, OR [95% CI]

1.000 [1.000-1.000]
0.822 [0.587-1.151]
0.915 [0.689-1.216]
1.096 [0.770-1.559]
0.969 [0.734-1.279]
0.993 [0.711-1.386]
0.859 [0.620-1.189]
1.013 [0.772-1.330]
0.822 [0.643-1.051]
0.929 [0.651-1.326]
0.930 [0.674-1.284]
0.856 [0.585-1.252]

1 year mortality, OR [95% CI]

1.000 [1.000-1.000]

—_—e 0.650 [0.473-0.892]
—a 1.048 [0.845-1.298]
—_—— 1.014 [0.789-1.303]
—— 0.957 [0.796-1.150]
—e 0.936 [0.742-1.180]
— 0.875[0.702-1.092]
—a 0.914 [0.769-1.086]
—a— 0.847 [0.732-0.980]
— 1.131 [0.938-1.364]
—a 1.115[0.912-1.364]
— - 0.889 [0.726-1.089]

0.50 0.67 1.00 1.50

Table 4 Standardized readmission rates per 100 000

Region 2008 2009 2010 2011 2012 Change® P
30 days
Slovenia 47.8 48.3 54.8 54.9 49.2 0.9 0.484
Pomurska 61.0 53.7 79.5 80.0 77.9 6.0 0.122
Podravska 43.4 41.4 55.9 56.9 41.6 1.2 0.699
Koroska 101.9 85.2 92.7 58.4 69.8 -9.1 0.088
Savinjska 50.4 523 57.8 58.5 52.7 1.1 0.423
Zasavska 94.9 103.9 96.2 100.8 65.6 -6.2 0.250
Posavska 84.5 69.2 103.0 110.7 80.8 3.4 0.601
Jugovzhodna Slovenija 59.4 55.6 57.4 62.8 59.7 0.8 0.432
Osrednjeslovenska 26.5 34.8 34.8 30.2 31.5 0.5 0.697
Gorenjska 43.7 46.2 53.6 63.6 441 1.8 0.577
Primorsko-notranjska 21.5 41.2 29.6 48.2 51.8 6.8 0.075
Goriska 51.4 54.0 46.6 523 58.3 1.2 0.441
Obalno-kraska 61.0 43.3 56.2 48.8 53.0 -1.0 0.694
1 year
Slovenia 143 144 155 155 4.8 0.086
Pomurska 176 194 226 238 21.8 0.014
Podravska 134 133 154 164 11.3 0.055
Koroska 238 163 202 159 —-19.7 0.311
Savinjska 142 147 163 162 7.7 0.072
Zasavska 269 261 256 243 -8.1 0.021
Posavska 219 237 288 237 10.4 0.548
Jugovzhodna Slovenija 144 156 145 182 10.6 0.243
Osrednjeslovenska 103 110 109 99 -1.3 0.667
Gorenjska 117 128 147 169 17.5 0.011
Primorsko-notranjska 87 141 105 138 1.7 0.417
Goriska 179 171 153 146 —-11.6 0.016
Obalno-kraska 176 127 173 137 -7.3 0.624

@Average yearly change in rates.
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Figure 3 Multiple logistic regression models for 30 day and 1 year readmission. Results are shown as odds ratios with 95% confidence intervals for

each statistical region.

Region

1 Osrednjeslovenska (ref.)

30-day readmission, OR [95% CI]

1.000 [1.000-1.000]

1 year readmission, OR [95% CI]

1.000 [1.000-1.000]

2 Pomurska —_—— 1.313[0.986-1.748] —_— 1.019[0.779-1.334]
3 Podravska — 0.925[0.731-1.169] —— 0.985 [0.793-1.222]
4 Koroska ——a—— 1.981[1.513-2.594] — 1.326 [1.038-1.693]
5 Savinjska —. 1.280 [1.039-1.577] —a— 1.020 [0.852-1.222]
6 Zasavska —_— 1.158[0.887-1.513] —_— 1.162 [0.924-1.461]
7 Posavska — 1.315[1.032-1.677] — 1.075[0.874-1.323]
8 Jugovzhodna Slovenija — 1.145[0.928-1.414] —— 1.030 [0.872-1.217]
9 Gorenjska —a 1.242[1.043-1.478] —.— 1.122 [0.976-1.289]
10 Primorsko-notranjska — 1.030[0.803-1.322] — - 0.959 [0.792-1.162]
11 Goriska —— 1.231[0.969-1.564] — 1.099 [0.898-1.346]
12 Obalno-kragka — 1.355 [1.073-1.710] — 1.380 [1.134-1.681]
0.67 1.00 150 200 0.67 1.00 150 2.00

S

7]

pd

1 1.

o
N

the differences in patient’s characteristics between regions.
This was tested by the use of multiple logistic regression
modelling where factors that influence the outcomes are in-
cluded. The OR for each variable therefore reflects the differ-
ence in similar patients—same sex, age, admission year, and
with the same co-morbidities.>® Analysis showed most re-
gional differences in prevalence of CV risk factors, co-
morbidities, and demographics were not influenced. Further-
more, by including hospital identifier as a random effect to
correct the model for possible hospital specific properties
that influence the outcomes also did not influence the find-
ings.>? Because the majority of the patients in a region were
hospitalized in a regional general hospital, the inclusion of the
random effect is important to minimize the confounding on
regional effects. Still, there are some possible region-specific
relevant factors with effect on outcomes. In the models, we
could not include socio-economic status of the patients nor
could we correct for the possible differences in HF severity,
access to health care services, admission policies in hospitals,
referrals from primary care, and outpatient management.
Heart failure is one of the most important reasons for
health expenditure® and is the most common cause for hos-
pitalization in Slovenia.> HF is a condition for which effective
outpatient care and interventions can potentially prevent
the need for hospitalization, prevent readmissions, and

complications or more severe disease.*>3> Many of the risk
factors for HF (e.g. hypertension, diabetes mellitus, obesity,
and acute myocardial infarction) are largely preventable with
a combination of appropriate prevention programmes and
access to quality medical care. From the data presented in
this study, we can presume that reasons for higher mortality
rates are mostly due to high prevalence of HF hospitaliza-
tions and difference in patients’ demographics and co-
morbidity profiles. The regions that had high mortality rates
overlap with those with high HF hospitalization rates, while
risk-adjusted OR between regions are comparable. This high-
lights the need for targeted preventive programmes in re-
gions with the highest HF burden.

Strengths and limitations

This study on a national level provided with important data
on regional variability of HF hospitalizations, mortality, and
readmission. We were able to analyse ‘real life’ patients with
HF and compare it between statistical regions. To our knowl-
edge, this is the first study that evaluated regional differences
in HF hospitalizations and outcomes after HF hospitalization
in such a comprehensive way. Our results highlight regions
with the highest HF burden and the need for preventive
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programmes in order to reduce the differences between
regions.

There were also limitations to this study. Firstly, the accu-
racy of the National Hospital Discharge Registry relies on the
data entered by the contributing hospitals. However, all hos-
pitals are using standardized methodology, and coding prac-
tices during the study period remained unchanged. Even
though no validation studies into this database exist, a
meta-analysis of several similar registries has concluded that
the data in administrative registries for HF are reliable.3* Sec-
ondly, the registry does not record the use of medications;
therefore, in the multiple logistic regression analysis, we were
unable to control for prescribed medications. Thirdly, be-
cause the registry does not specify whether an individual di-
agnosis is recorded for the first time, we have used an
observational period of 4 years to define the first HF hospital-
ization. Some patients were therefore incorrectly identified
as having first HF hospitalization, but considering the fre-
quency of HF hospitalizations, it is likely that this was only a
small or even negligible proportions of patients. Similar meth-
odology has already been used®*3%; thus, we believe that the
use of such methodology provided with accurate analysis.

Conclusions

In this observational, epidemiological study of a nationwide
HF hospitalization database, we found that even though
there were significant differences between regions in
standardized HF hospitalization, mortality, and readmission
rates, there were no differences between regions in
odds for mortality and readmission for an individual pa-
tient. High mortality rates correlated with high prevalence
of HF hospitalizations, which highlights the need for
targeted preventive programmes in regions with the largest
burden of HF.
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