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Razširjen povzetek v slovenščini [Extended summary in Slovenian
language]
Uvod
Kronične bolezni predstavljajo naraščajoče breme za sistem zdravstvenega varstva. Med
boleznimi srca in žilja predstavlja srčno popuščanje (SP) enega najpomembnejših izzivov za
zdravje in je prepoznano kot velik javnozdravstveni problem. SP se kaže z nespecifičnimi
simptomi (na primer težkim dihanjem ob naporu, otekanjem v gležnje) in znaki (kot so
inspiratorni poki, pomik ali povečana srčna konica, tretji srčni ton), ki se prekrivajo s klinično
sliko drugih bolezni, pogosto pa jih bolniki pripisujejo staranju.
Postavitev diagnoze SP je lahko težavna, saj so simptomi SP nespecifični in se lahko pojavijo
tudi pri ljudeh brez SP in pri številnih drugih boleznih. Diagnoza temelji na objektivnem
dokazu srčne disfunkcije, kar pa v klinični praksi pogosto ni enostavno dosegljivo zaradi
omejene dostopnosti do ultrazvoka srca ter drugih slikovnih ali invazivnih preiskav. Pri
nekaterih bolnikih je ultrazvok srca težje izvedljiv zaradi anatomskih in fizioloških
posebnosti, definitivno diagnozo pa otežijo tudi spremljajoče bolezni. Natriuretični peptidi,
med njimi tudi N-končni natriuretični propeptid tipa B (NT-proBNP), imajo velik pomen pri
opredelitvi vzroka težkega dihanja, ki je pomemben simptom SP. Povišane koncentracije
lahko najdemo pri bolnikih s SP in tudi pri nekaterih drugih boleznih, ki povzročajo volumsko
preobremenitev levega ali desnega srca (na primer pljučna hipertenzija, pljučna embolija).
Verjetnost, da je SP prisotno pri normalni koncentraciji natriuretičnih peptidov je zelo
majhna.
Glede na podatke iz epidemioloških raziskav je na svetu 26 milijonov ljudi s SP; pogostost v
razvitih državah je ocenjena na 1-2 %. Epidemioloških raziskav, ki bi ocenjevale pojavnost ali
pogostost srčnega popuščanja v splošni populaciji, je malo. Večina jih temelji na podatkih iz
bolnišničnih registrov, samoocenjevanja ali administrativnih baz podatkov. Izsledki raziskav
iz Rotterdama, Hillingdona in okrožja Olmsted kažejo, da se standardizirana pogostost SP
zmanjšuje z leti za približno 4,6 % letno, kar ni odvisno od spola ali vrste SP. Po podatkih iz
pregledno-presečnih epidemioloških raziskav v splošni populaciji je SP prisotno pri 6-13 %
ljudi starejših od 60 let in strmo narašča s starostjo.
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V Sloveniji smo zasledili le eno raziskavo o pogostosti SP. Pri prebivalcih Bele Krajine so v
ambulantah družinske medicine, specialističnih ambulantah ali na oddelku Splošne bolnišnice
Novo mesto v letu 2001 opisovali pogostost 1,1 %. Raziskava ima nekaj metodoloških
pomanjkljivosti, zato iz razpoložljivih podatkov težko ocenjujemo dejansko stanje v Sloveniji
in ne moremo opisati trendov. V naslednjih letih se zaradi staranja prebivalstva pričakuje
porast pogostosti kroničnih bolezni, med njimi tudi SP, ki je pogostejše pri starejši populaciji.
Po ocenah naj bi se pogostost SP zaradi demografskih sprememb od leta 2011 do 2035
povečala za do 30 %. Novejši podatki o pogostosti SP so zato še posebej pomembni, tako iz
vidika absolutnega bremena kot tudi ocene trendov.
Namen in cilji
Zaradi pomanjkanja podatkov in da bi lahko bolj natančno in usmerjeno načrtovali
javnozdravstvene in druge ukrepe za obvladovanje ter učinkovitejšo obravnavo SP v Sloveniji
in v posameznih regijah, smo si v dveh raziskavah zadali cilja, da ocenimo del
epidemiološkega bremena SP v Sloveniji in ugotovimo razlike med bolniki z in brez SP.
V prvi raziskavi želimo ugotoviti grobe in standardizirane stopnje hospitalizacij zaradi SP ter
trende v letih od 2004 do 2012 v Sloveniji in posameznih regijah. Ugotoviti želimo vpliv
starosti, spola, leta hospitalizacije, dodatnih diagnoz in regije na bolnišnično, 30-dnevno, 1letno umrljivost ter 30-dnevne in 1-letne ponovne hospitalizacije po prvi hospitalizaciji zaradi
SP.
V drugi raziskavi želimo ugotoviti pogostost SP med prebivalci mesta Murska Sobota, starih
55 let ali več, jo preračunati na celotno populacijo Murske Sobote in jo primerjati s podatki iz
drugih držav. Za lažjo prepoznavo SP pri bolnikih s SP in brez SP želimo ugotoviti razlike v
kliničnih značilnostih in vrednosti NT-proBNP.
Hipoteze
-

Groba stopnja hospitalizacij zaradi SP se v Sloveniji v letih od 2004 do 2012
povečuje.

-

Standardizirana stopnja hospitalizacij zaradi SP se v Sloveniji v letih od 2004 do 2012
ni spremenila.

-

Pogostost SP med prebivalci mesta Murska Sobota, starih 55 let in več je med 6 % in
8 %.
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Metode
V prvem delu doktorske naloge smo izvedli retrospektivno epidemiološko raziskavo o številu
hospitalizacij zaradi SP. Iz registra Spremljanje bolnišničnih obravnav Nacionalnega inštituta
za javno zdravje (NIJZ) smo pridobili in analizirali podatke za vse hospitalizirane bolnike,
odpuščene z diagnozo SP (kode Mednarodne klasifikacije bolezni 10. izdaje (MKB-10):
I50.1-I50.9, I11.0, I13.0, I13.2, I42.0-I42.9) v obdobju med leti 2004 in 2012. Zabeležili smo
starost, spol, občino stalnega prebivališča, datum sprejema, datum odpusta, odpustne
diagnoze, ime bolnišnice, kode glavne ter vseh spremljajočih diagnoz, zdravljenje na oddelku
za intenzivno medicino za vse hospitalizacije vključenih bolnikov. Podatke iz registra
Spremljanje bolnišničnih obravnav smo združili z registrom Prijava smrti NIJZ in dobili
podatke o datumu in vzroku smrti do konca leta 2013. Iz raziskave smo izključili bolnike
mlajše od 20 let, s stalnim prebivališčem izven Slovenije in tiste z nepravilnostmi v zapisu
časa smrti in hospitalizacije (čas smrti zabeležen pred datumom sprejema). Izidi raziskave o
številu hospitalizacij zaradi SP so bili hospitalizacija zaradi SP (SP kot glavni razlog za
hospitalizacijo), prva hospitalizacija s SP ter hospitalizacija s SP (SP navedeno kot katerakoli
diagnoza), 30-dnevna in 1-letna ponovna hospitalizacija po prvi hospitalizaciji zaradi SP ter
bolnišnična, 30-dnevna in 1-letna celokupna umrljivost po prvi hospitalizaciji s SP. Prva
hospitalizacija s SP je bila definirana kot prva hospitalizacija s SP navedenim kot katerokoli
diagnozo pri posamezniku po 4-letnem opazovalnem obdobju brez hospitalizacije s SP.
Podatki za prve hospitalizacije zaradi SP so tako na voljo med leti 2008 in 2012. Izračunali
smo letne grobe in standardizirane stopnje hospitalizacij zaradi SP, ponovnih hospitalizacij in
umrljivost ter ugotavljali letne trende z analizo variance (ANOVA). Podatke smo
standardizirali z metodo direktne standardizacije za 5-letne po spolu ločene starostne skupine
iz slovenskega prebivalstva v letu 2011. Z multiplimi modeli logistične regresije z vključenim
modelom mešanih učinkov za identifikator bolnišnice smo ugotavljali povezanost
demografskih in kliničnih podatkov bolnikov z izidi ponovnih hospitalizacij in umrljivosti. V
modelih smo vključili spol, starost, leto sprejema, zdravljenje v enoti za intenzivno medicino
in izbrane pridružene bolezni. Z vključitvijo identifikatorja bolnišnice z naključnim učinkom
v modelih nam je omogočilo popravljeno oceno razmerij obetov (RO) na morebitne razlike
učinkovitosti v zdravljenju med bolnišnicami.
V drugem delu doktorske naloge smo izvedli pregledno-presečno epidemiološko
(prevalenčno) raziskavo o pogostosti SP v mestu Murska Sobota. S pomočjo Statističnega
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urada Republike Slovenije smo pridobili osebne podatke o 588 (13,6 % vseh prebivalcev
starih 55 let in več v Murski Soboti) prebivalcih mesta Murska Sobota starih 55 let ali več, in
jih pisno povabili v raziskavo. Preiskovanci so najprej opravili presejalni pregled, med
katerim smo izmerili koncentracijo NT-proBNP. Glede na izvid smo preiskovance s
koncentracijo NT-proBNP ≥ 125 pg/mL in vsaj 5 % kontrol z vrednostjo NT-proBNP < 125
pg/mL povabili na nadaljnji diagnostični pregled, med katerim smo opravili ultrazvok srca,
klinični pregled, EKG, test pljučne funkcije, 6-minutni test hoje. Odbor raziskovalcev je s
pomočjo podatkov o simptomih, znakih, redni terapiji, EKG-ju, ultrazvoku srca in drugih
kliničnih podatkih postavil diagnozo SP v skladu z najnovejšimi smernicami Evropskega
združenja kardiologov (ESC)/Evropskega združenja za srčno popuščanje ESC (HFA).
Pogostost srčnega popuščanja s 95 % intervali zaupanja (IZ) je bila izračunana med
udeleženci raziskave (starimi 55 let in več) in ekstrapolirana na celotno prebivalstvo mesta
Murska Sobota. Razlike v številu ali aritmetičnem povprečju kliničnih značilnostih med
preiskovanci s SP in brez so bile izračunane s pomočjo t-testa za številske in Fischer-jevega
testa za opisne spremenljivke.
Vsa statistična analiza je bila opravljena s programom R 3.2.2 in R paketom lme4. Za
statistično značilno razliko smo izbrali vrednosti P, nižje od 0,05.
Rezultati
Med letoma 2004 in 2012 smo zabeležili 2.430.748 hospitalizacij zaradi bolezni, od tega
158.303 (6 %) s SP. Končni vzorec hospitalizacij je vključeval 156.859 hospitalizacij s SP,
55.522 (35,4 %) glavnih hospitalizacij zaradi SP in 43.606 (47,8 %) prvih hospitalizacij s SP.
Med bolniki s SP (54 % žensk, povprečna starost 78 let) in med različnimi regijami so bile
najpogostejše pridružene bolezni arterijska hipertenzija (AH) (49-70 %), pljučno obolenje
(33-50 %), atrijska fibrilacija (AF) (30-43 %), sladkorna bolezen tipa 2 (SB2) (18-29 %) in
ishemična bolezen srca (IBS) (15-28 %). Grobe letne stopnje so se v opazovanem obdobju
zvišale za 12 % pri hospitalizacijah zaradi SP, 3 % pri prvih in 15 % pri hospitalizacijah s SP
(P = <0,001, 0,100 in <0,001). Standardizirane letne stopnje so se v opazovanem obdobju
znižale za 7,5 % pri hospitalizacijah zaradi SP, 6,9 % pri prvih in 4,6 % pri hospitalizacijah s
SP (P = <0,001, 0,078 in <0,031). Standardizirane stopnje hospitalizacij zaradi SP so bile
višje pri moških in starejših, med opazovanimi leti so se zmanjšale predvsem pri bolnikih
starih 55-84 let. Standardizirane stopnje hospitalizacij zaradi SP so se razlikovale po
statističnih regijah. Najvišje so bile v Posavski za glavne in Posavski in Zasavski za prve
4
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hospitalizacije zaradi SP. Stopnje hospitalizacij zaradi SP so se po regijah znižale ali ostale
enake. Stopnje 1-letnih ponovnih hospitalizacij so se zvišale, medtem ko so 30-dnevne ostale
nespremenjene za Slovenijo in njene statistične regije. Stopnje umrljivosti so prav tako ostale
nespremenjene po regijah. V regresijskih modelih so bila RO za ponovne hospitalizacije in
umrljivost primerljive po regijah. Starejši, moški, ter bolniki s pridruženimi boleznimi kot na
primer z miokardnim infarktom, kronično ledvično boleznijo in maligno boleznijo so imeli
večje obete za ponovno hospitalizacijo ali umrljivost.
V prevalenčni raziskavi smo 47 % celotnega vzorca pregledali na presejalnem pregledu in jim
izmerili vrednost NT-proBNP. Ne-odzivnikov je bilo več med ljudmi starimi 85 let in več ter
med mladimi moškimi med 55 in 64 leti. Med preiskovanci smo pri 49 % opazili vrednost
NT-proBNP ≥ 125 pg/mL in jih skupaj s 17 kontrolami povabili na diagnostični pregled. Na
diagnostičnem pregledu smo diagnosticirali SP pri 31 bolnikih. Pogostost SP v vzorcu je bila
11,3 % (95 % IZ 7,8-15,6 %), v splošni populaciji v Murski Soboti pa je znašala 4,4 % (95 %
IZ 3,0-6,2 %). Pogostost je bila značilno povezana s starostjo (p<0.001). Bolniki s SP so
pogosteje imeli simptome in znake SP, višjo vrednost NT-proBNP, ultrazvočne kriterije
disfunkcije levega prekata in krajšo prehojeno razdaljo med 6-minutnim testom hoje.
Prevladovalo je SP z ohranjeno sistolično funkcijo levega prekata. Pri več kot polovici
preiskovancev smo diagnozo SP postavili na novo.
Zaključek
Z opravljenima raziskavama smo dobili pomembne epidemiološke podatke o SP v Sloveniji.
Potrdili smo prvo hipotezo in pokazali, da se grobe stopnje hospitalizacij zaradi SP v Sloveniji
povečujejo. Glede na rezultat o zniževanju standardiziranih stopenj hospitalizacij zaradi SP je
naraščajoče breme predvsem posledica staranja prebivalstva. Z natančno analizo po regijah
smo odkrili področja Slovenije z najvišjim bremenom SP; v teh regijah tudi lahko
pričakujemo največji učinek ciljanih intervencij za preprečevanje SP in boljšo obravnavo
bolnikov s SP. S prevalenčno raziskavo smo dobili prve zanesljive podatke v Sloveniji, ki
omogočajo napovedi za nacionalno raven in oblikovanje ustreznih diagnostičnih ter
terapevtskih ukrepov. Glede na rezultate o višji pogostosti SP kot v predhodnih raziskavah in
glede na dejstvo, da je bila diagnoza SP pri več kot polovici bolnikov postavljena med
raziskavo, je potrebno okrepiti diagnostično obravnavo bolnikov s povečanim tveganjem ali s
sumom na SP.
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Summary
Introduction:
Heart failure (HF) is associated with frequent hospitalizations, high mortality and costs and is
therefore an important public health issue. The prevalence of HF is estimated to be around 12% and increases with age. The crude rate of hospitalizations due to HF in Sweden is assessed
to be around 200-300 per 100,000 persons and is increasing due to the ageing of the
population. In Slovenia and central Europe epidemiologic data regarding HF hospitalizations
and prevalence are scarce.
Aims:
In the proposed doctoral thesis we aim to study the burden of hospitalizations due to HF
(coded as any or main cause, first, re-hospitalizations and mortality) stratified by sex, age and
region. In the second part of the doctoral thesis we aim to evaluate HF prevalence in Murska
Sobota and extrapolate the results to the whole country.
Hypotheses:
-

The crude hospitalization rate due to HF in Slovenia, between 2004 and 2012 is
increasing.

-

The standardized hospitalization rate due to HF in Slovenia, between 2004 and 2012 is
unchanging.

-

HF prevalence in residents from Murska Sobota aged 55 years or more is between 6%
and 8%.

Methods:
We searched for hospitalization data from the Slovenian national Hospital Discharge Registry
and National Death Registry for all HF hospitalizations (ICD-10 discharge codes: I50.1 –
I50.9, I11.0, I13.0, I13.2, I42.0-I42.9) between 2004 and 2012. Crude and standardized
hospitalization rates were calculated and stratified by admission year, sex, age-group and
region. The effect of sex, age, comorbidities, admission year and region on mortality after HF
hospitalization were evaluated using mixed effect logistic regression models.
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HF prevalence in Murska Sobota was assessed with a cross-sectional prevalence study, in
which participants from the representative sample of the city Murska Sobota older than 55
years have been screened using serum N-terminal brain natriuretic peptide (NT-proBNP)
levels. Everyone with NT-proBNP levels higher than 125 pg/mL and random control group
with NT-proBNP levels lower than 125 pg/mL have had a detailed examination including
transthoracic echocardiography. HF was diagnosed in accordance with the recent European
Society of Cardiology guidelines.
Results:
During 2004-2012, 156,859 HF hospitalizations (55,522 main and 43,606 first HF
hospitalizations) were recorded. The crude main and first HF hospitalization rates increased
from 248 to 278 (12.1%, P<0.001) and from 514 to 530 (3.1%, P=0.100), respectively. The
number of age-standardized main and first HF hospitalizations per 100,000 population
decreased from 292 to 270 (7.5%, P=0.001) and from 553 to 551 (6.9%, P=0.083),
respectively. In multiple mixed effect logistic regression models, no differences in mortality
and readmission endpoints for statistical regions were observed, whereas men, older patients
and patients with myocardial infarction, chronic kidney disease and cancer had significantly
higher 30-day and 1-year mortality.
Overall, 275 people participated in the study with a response rate of 47%. Of those that
participated in the study, 139 (49%) had elevated NT-proBNP levels. With data from the
diagnostic visit, 31 participants were diagnosed with HF, 64% with newly diagnosed HF.
Amongst participants, diagnosed with HF, three had HF with reduced ejection fraction (EF),
two HF with mid-range EF and 26 HF with preserved EF. The calculated prevalence of HF in
residents of Murska Sobota aged 55 years or more was 11.3% (95% CI 7.8% - 15.6%) and
rose steeply with higher age. When extrapolated to the entire population of Murska Sobota,
estimated HF prevalence was 4.4% (95% CI 3.0% - 6.2%).
Conclusions:
In Slovenia, the crude HF hospitalization burden has increased while standardized HF
hospitalization rates have decreased. There are no regional differences between mortality after
HF hospitalizations. The extrapolated HF prevalence of 4.4% was higher than previously
reported and more than half of the participants with HF had newly diagnosed HF.
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1. Introduction
Chronic diseases represent an ever-increasing burden on healthcare systems. Among
cardiovascular conditions, heart failure (HF) is one of most important challenges for the
healthcare system. It is considered a major public health problem that affects at least 26
million people worldwide1–3. HF is a clinical syndrome with nonspecific symptoms such as
breathlessness, ankle swelling and fatigue that are accompanied by several typical signs:
displaced apex beat, third heart sound, hepatojugular reflux and pulmonary crackles.
Although the main aetiologies are ischemic heart disease and arterial hypertension, HF can
develop during the trajectory of most cardiac diseases as long as they induce structural and/or
functional cardiac abnormality. Finally, cardiac output at rest or during stress is reduced or is
maintained only with a compensatory mechanism, which increases intracardiac pressures.
Patients with HF suffer from high mortality, many hospitalizations, and have poor healthrelated quality of life4. As highlighted by the several HF hospitalization registries5–13, patients
with HF have significant in-hospital mortality that varies from 4-30%. After discharge,
readmission rates of 30-90 days can reach 30%, while mortality ranges from 5.4% to 14.0%.
In the ESC-HF (European Society of Cardiology–Heart Failure) Pilot survey13,14, mortality
and readmission rates were 17.4% and 31.9%, respectively. Even though the initial
readmission rates are high, a large proportion are due to non-cardiovascular (CV) reasons15,16.
Despite the reduction in mortality due to CV disease in the past decade, CV disease remains
the leading cause of death in Slovenia and European countries17,18. The incidence of HF is
stable because of better prevention and management of CV diseases19, while prevalence is
increasing mainly due to ageing of the population and better management of acute cardiac
conditions. Frequent contacts with the healthcare system makes HF patients highly dependent,
both in medical and social terms, and about 2% of the healthcare budget is attributed to HF.
Due to its high prevalence, complex management and being an important socioeconomic
burden, HF is an unmet need of modern medicine and represents an important public health
problem3,20.
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1.1. Symptoms and signs of heart failure
In patients with HF, symptoms are often non-specific and do not help to differentiate between
HF and other diseases. Evaluating symptoms and signs in patients with suspected HF is
difficult. Symptoms and signs of fluid retention can develop rapidly and may resolve quickly
after the initiation of diuretic treatment. Typical signs include a displaced apex beat, third
heart sound, irregular pulse, rales, pulse rate, heart murmur suggestive of mitral regurgitation,
elevated jugular venous pressure, loss of appetite, nocturnal dyspnoea or orthopnoea and
bilateral ankle swelling; these are independently associated with the presence of HF but do
not always predict HF21,22. Many of these signs are difficult to detect (e.g. third heart sound)
and have poor reproducibility (e.g. displaced apical beat) which limits the diagnostic
reliability of clinical examination. Furthermore, symptoms and signs might be hard to
interpret in obese, elderly and patients with comorbidity, e.g. chronic obstructive pulmonary
disease (COPD)3. When used alone, symptoms and signs have limited value to diagnose HF23.
Nevertheless, history taking and physical examination remain an integral part of diagnostic
algorithms as per latest European Society of Cardiology (ESC)/ Heart Failure Association of
the ESC (HFA) guidelines.

1.2. Diagnosis of heart failure
Based on the recent ESC/HFA guideline algorithm, non-acute HF diagnosis is based on a
clinical suspicion of HF that is based on history and/or physical examination with an
electrocardiogram (ECG) as a complimentary tool to assess HF probability (Figure 1). HF is
unusual in an individual with no medical history of a potential cause of cardiac damage,
whereas certain features, particularly previous myocardial infarction, greatly increase the
likelihood of HF in a patient with suitable symptoms and signs21,22. Usually, the next step is
natriuretic peptides (NP) testing that can reliably exclude HF if under conservative cut-off.
The upper limit of normal in the non-acute setting for B-type natriuretic peptide (BNP) is 35
pg/mL and for N-terminal pro-BNP (NT-proBNP) it is 125 pg/mL; in the acute setting, higher
values should be used (BNP < 100 pg/mL, NT-proBNP < 300 pg/mL and mid-regional pro Atype natriuretic peptide < 120 pg/mL). At these cut-points, the negative predictive values are
very similar and high (0.94–0.98) in both the non-acute and acute setting, but the positive
predictive values are lower both in the non-acute setting (0.44–0.57) and in the acute setting
(0.66–0.67)3,24,25. In light of high negative predictive values of NP and low positive predictive
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values, NP are recommended to rule-out rather than diagnose HF. For those in whom HF
cannot be ruled-out, echocardiography is a method of choice to assess cardiac morphology
and function. NP testing may be skipped if echocardiography is readily available. Imaging
with echocardiography provides immediate information about morphological and functional
features such as chamber volumes, ventricular systolic and diastolic function, wall thickness,
valve function and pulmonary hypertension.26,27 This information is crucial to confirm HF and
to meet decisions about patient management. Based on left ventricular ejection fraction
(LVEF), patients with HF are divided into three different subcategories: HF with reduced
LVEF (HFrEF) (LVEF <40%), HF with mid-range LVEF (HFmrEF) (LVEF 40-59%) and HF
with preserved LVEF (HFpEF) (LVEEF ≥50%). Differentiation of patients with HF based on
LVEF is important due to different underlying aetiologies, demographics, co-morbidities and
response to therapies3. Adjunct to assessment of left ventricular systolic dysfunction, left
ventricular diastolic function needs to be evaluated because it is a determinant of HFmrEF
and HFpEF (Table 1).
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Figure 1. Diagnostic algorithm, based on the ESC/HFA guidelines3
For the diagnosis of HF several criteria have to be met (Table 1):
-

The presence of symptoms of HF

-

The presence of signs of HF (except in patients treated with diuretics)

-

Elevated NP (not obligatory in HFrEF)
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-

Relevant structural heart disease and/or diastolic dysfunction (not obligatory in
HFrEF)

Table 1. Definitions of subroups of HF, Based on the ESC/HFA guidelines3.

Criteria

Type of HF

HFrEF

HFmrEF

HFpEF

1

Symptoms ± signs*

Symptoms ± signs*

Symptoms ± signs*

2

LVEF < 40%

LVEF 40-49%

LVEF ≥ 50%

1. Elevated levels of NP

3. Elevated levels of NP

2. At least one additional criterion:

4. At least one additional criterion:

3

a. relevant structural heart disease

a. relevant structural heart disease

(LVH and/or LAE)

(LVH and/or LAE)

b. diastolic dysfunction

b. diastolic dysfunction

* When on medication with diuretics, signs of congestion can be absent
Left ventricular diastolic dysfunction is based on structural and functional abnormalities. Key
structural alterations are left atrial volume index (LAVI) > 34 mL/m2 or left ventricular mass
index (LVMI) ≥ 115 g/m2 for males and ≥ 95 g/m2 for females. Key functional alterations are
E/e′ ratio ≥ 13 and a mean septal and lateral wall annular early diastolic velocity ((e’m + e’l)/2)
< 9 cm/s3,26,27.

1.3. Incidence of heart failure
The estimates of HF incidence and its temporal trends in the population are scarce and
inconsistent. Data is frequently derived from hospital discharge records, self-reports or
administrative databases. Due to challenges in diagnosing HF, diagnostic criteria in incidence
studies are inconsistently applied, and LVEF is not routinely measured. Reliable estimates of
HF incidence were reported in the Rotterdam, Hillingdon and Olmsted county studies28–30.
The study from Olmsted county included echocardiography data and also presents the
incidence rates for HFpEF.
Based on the most recent data from between 2000 and 2010, the age- and sex-adjusted
incidence rates of HF declined substantially by 37%. The overall average annual change was
−4.6%. The decline in HF incidence rates was apparent in both sexes and in HFrEF and
HFpEF and was higher in women and HFrEF, compared to men and HFpEF, respectively30.
HF incidence is increasing with age from 1% in the age range of 55-64 years to more than
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10% in people over 85 years while being extremely rare amongst young people31. In the
Hillingdon study, the HF incidence increased from 0.2 per 1,000 person years in those aged
45–55 years to 12.40 per 1,000 person years in those aged ≥ 85 years29. In the Rotterdam
study, the incidence increased from 0.25 per 1,000 person years (age 55– 64 years) to 44 per
1,000 person years (≥ 85 years or older). HF occurs more frequently in men (15 per 1,000
person years) than in women (12 per 1,000 person years)28.

1.4. Prevalence of heart failure
The HF prevalence is estimated to be 1-2% in developed countries and rises with age to more
than 10% in people over 85 while being extremely rare in young people31–33. Through better
management of the acute cardiac condition and due to population ageing, HF prevalence is
increasing, making it the only cardiac condition with an increasing burden1,13.
A large community-based epidemiological study of 6,300 people in Portugal34 investigated
the HF prevalence in people aged 25 or more. The overall HF prevalence was 4.36% and
increased steeply with age from 1.36% in the 25-49 year-old group to 16.14% in the over 80
year-old group. Similar results were shown in other studies where they evaluated HF
prevalence in the adult population (45-85 years): overall HF prevalence was between 6.7%
and 7.7% and increased with age to 9.7-22.0% in the 75-85 age group28,35,36. For the elderly
population (≥ 65 years), nine studies evaluated HF prevalence using echocardiography where
HF prevalence estimates varied between 6.3% and 13.3%37–45.
It is important to note that no studies are published where HF diagnosis is established using
the latest ESC/HFA diagnostic algorithm that is based on NP and echocardiography, including
the left ventricular diastolic function assessment. A large majority of studies are over two
decades old and mostly unrepresentative of the general population32. In the last decade there
has been only one study that evaluated the HF prevalence in the general population in Europe,
with the response rate of only 34%46. The ageing of the population warrants that the updated
diagnostic algorithm is applied as appropriate. According to the authors of the previously
mentioned study in Portugal34, the HF prevalence will increase by 30% between 2011 and
2035.
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1.5. Heart failure hospitalization burden and trends
The HF hospitalisation rates and their trends over time provide useful information about the
HF burden. It should be emphasised, however, that hospitalisation rates result from a complex
interaction of multiple determinants, including referral patterns and treatment possibilities in
primary care as well as discharge diagnosis coding practices. Consequently, absolute numbers
may be difficult to interpret, while on the other hand, changes in hospitalization rates are
accurate, provided that determinants have not changed. Due to accessible administrative
hospitalization registries there have been several studies up to this date to evaluate HF
hospitalization rates and trends, mortality, and readmission after HF hospitalization.
In recent years, several studies in developed countries in Europe19,47–56 (Figure 2) and
elsewhere57–60 have evaluated HF hospitalizations on large administrative hospitalization
databases. The results show that HF hospitalization rates increased throughout the 1980s and
1990s and peaked in the late 1990s. Since then we can observe a steady decline in the number
of standardized first HF hospitalizations51,54 (Figure 3). Whether such a trend exists
elsewhere, mortality trends and regional differences remain unknown. It should be
emphasized that, globally, there are few national studies; most studies are either limited to a
particular geographical region within a country,60–62 are part of or derived from a multicentre
registry,63,64 or do not represent a nationwide sample.57,62
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Figure 2. Overview of European HF hospitalization studies.
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Figure 3. First HF hospitalization rates trends in Europe.
Similarly to CV disease, the HF burden is displaying significant inter-regional differences
within Europe, with Eastern European countries reporting higher mortality rates14,18. Such a
health gap in CV prevalence and mortality, CV risk factors and determinants of health is not
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apparent only across Europe but is also seen on a national level17,65. In the United States
similar observations have been reported: lower socio-economic status and lower numbers of
primary care physicians per inhabitant were related to higher mortality rates at the level of
counties and states57,62,66.

1.6. Heart failure epidemiology in Slovenia
There has been only one published study in Slovenia that evaluated HF prevalence67. The
estimated HF prevalence in the general population in the Slovenian region of Bela Krajina in
2001 was 1.1%. Another study evaluated hospitalized patients with HF in internal medicine
departments of three Slovenian hospitals (University Medical Centre Ljubljana, General
Hospital Murska Sobota and General Hospital Novo mesto) that were hospitalized in April
and May 200068. The authors reported that in these hospitals, HF is present in 26% of all
hospitalized patients. In-hospital mortality in patients with HF was 11% while the 12-weeks
readmission rate was 26%.
Both of the above studies did not provide comprehensive understanding of the
epidemiological burden of HF in Slovenia. The first study did not include the whole
population of Bela Krajina, specifically those that did not seek medical help, and was not
consistent in the adjudication of HF diagnosis. Echocardiography or other cardiac imaging
was missing in several patients. The second study provides useful data concerning
hospitalized HF patients, with limitations due to its small sample size and data for only three
hospitals. From the present published data, we struggle to evaluate the actual epidemiological
burden of HF and are unable to determine trends.
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2. Aims
In Slovenia and central Europe epidemiologic data regarding HF hospitalizations and
prevalence are scarce. With the intention of planning accurate and specifically directed public
health and other measures for the treatment and management of HF in Slovenia both
nationwide and in specific regions, our goal is to evaluate the epidemiological burden of HF
using two studies.
In the first study we aimed to assess the crude and standardized HF hospitalization rate trends
between 2004 and 2012, evaluate comorbidities in patients with HF and mortality after HF
hospitalization.
In the second study we aimed to assess HF prevalence in Murska Sobota, and evaluate
comorbidities in patients with HF.
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3. Hypotheses
-

The crude hospitalization rate due to HF in Slovenia, between 2004 and 2012 is
increasing.

-

The standardized hospitalization rate due to HF in Slovenia, between 2004 and 2012 is
unchanging.

-

HF prevalence in residents from Murska Sobota aged 55 years or more is between 6%
and 8%.
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4. Methods
4.1. Heart failure hospitalization study
4.1.1. Study design and study sample
This was a nationwide, retrospective, observational study in patients aged 20 years or over
who were hospitalized with HF in Slovenia between 2004 and 2012. Hospitalization data was
obtained from the National Hospital Discharge Registry of the National Institute of Public
Health and coupled with the National Death Registry of the National Institute of Public
Health using the unique personal identification numbers.
Slovenia is a central European country with about 2 million inhabitants who are divided into
12 different statistical regions (Table 1). The number of residents in each statistical region in
2011 varied from 44,222 (Zasavska) to 533,213 (Osrednjeslovenska) with a mean number of
166,36969. Slovenia has a universal Bismarckian type of social insurance healthcare system.
Most of the inpatient care is delivered by state-owned hospitals that include regional general
hospitals, specialized clinics (e.g. psychiatric, pulmonary, obstetric or orthopaedics),
rehabilitation clinics, and two tertiary centres70. Reporting to the National Hospital Discharge
Registry is mandatory for all Slovenian hospitals using standardized methodology and the 10th
revision of the International Classification of Diseases (ICD-10).
From the Registry, the un-individualized HF hospitalization database, which includes the
unique patient identifier, length of hospital stay, sex, age, discharge diagnoses, region of
permanent residence, treatment in intensive care unit (ICU), and date of death documented for
every HF patient, was selected. The HF hospitalization database included all HF
hospitalizations where HF was diagnosed in accordance with appropriate guidelines and good
clinical practice and coded with the following ICD-10 codes: I50-I50.9, I42-I42.9, I11.0,
I13.0, and I13.2 as the main (principal) or any other diagnosis fields. We excluded all patients
younger than 20 years, those with permanent residence outside Slovenia and those with a
mismatch between the date of death and the date of admission (the date of death before the
date of admission). Specific comorbidity was defined as a discharge diagnosis in accordance
with individual ICD-10 codes: arterial hypertension (AH), atrial fibrillation (AF), myocardial
infarction (MI), ischaemic heart disease (IHD), diabetes mellitus type 2 (DM2), chronic
kidney disease (CKD), COPD, cancer, stroke, pulmonary disease and pneumonia in main
(principal) or any other diagnosis field.
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This study was conducted in accordance with the Helsinki Declaration and the protocol was
approved by the National Medical Ethics Committee (Approval Nr. 55/10/14). Since the unindividualized data was analysed, no informed consent was required and was waived by the
National Medical Ethics Committee.
4.1.2. Definitions of study endpoints
The endpoints of the study were first HF hospitalization, main HF hospitalization, any HF
hospitalization, HF readmission within 30 days or 1 year of first HF hospitalization, and allcause mortality within 30 days or 1 year of first HF hospitalization.
Main HF hospitalization and any HF hospitalization was defined as HF hospitalization with
HF coded as main diagnosis and HF coded as any diagnosis, respectively. First HF
hospitalization was defined in line with the previous report55: if there was no recorded HF
hospitalization in the previous four years, the index HF hospitalization was considered as the
first one. Consequently, the data for first HF hospitalizations was available for the period
2008–2012.
HF readmission after first HF hospitalization was defined as the main HF hospitalization. To
ensure a sufficient follow-up period terminating on 31 December 2012, all main HF
hospitalizations with discharge dates 30 days or 1 year before 31 December 2012 were
excluded from analysis of HF readmissions within 30 days and 1 year, respectively. Patients
who died before the follow-up time for analysis of HF readmission were censored at the time
of death.
4.1.3. Statistical analysis
Standardized main, first and any HF hospitalization rates per 100,000 person years were
calculated for men and women. Furthermore, standardized main, first and any HF
hospitalizations as well as 30-day and 1-year mortality and HF readmissions rates per 100,000
person years after first HF hospitalization were calculated for each Slovenian statistical
region.
Rates were standardized using a direct standardization method for 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 Slovenia69.

20

Omersa D. Assessment of epidemiological characteristics of heart failure in Slovenia,
University of Ljubljana, Faculty of Medicine, 2018
Two-way analysis of variance (ANOVA) was used to determine yearly trends and mean
yearly changes in HF hospitalization, HF readmission rates and HF mortality rates. Patients’
sex, age, hospitalization length and prevalence of comorbidities were calculated for the first
HF hospitalizations. Different mixed effects logistic regression models were used to
determine the predictors for all-cause mortality and HF readmission after first HF
hospitalization. In these models we included the statistical region, sex, age, year of admission,
treatment in intensive care unit and comorbidities as independent variables as a fixed effect
and a hospital identificator as a random effect. By including the hospital identifier in logistic
regression models as a random effect, we were able to correct for possible differences in care
between hospitals. Odds ratios (OR) with 95% confidence intervals (CI) were calculated,
where the region with the largest population and highest number of events
(Osrednjeslovenska) was chosen as a reference. Statistical software R 3.2.2 (R Development
Core Team) and R package lme471 were used for the analyses and P < 0.05 was considered
statistically significant.

4.2. Heart failure prevalence study
The HF prevalence study is a cross-sectional observational (prevalence) study in a
representative sample of the urban population of Murska Sobota, Slovenia, aged 55 years or
more. We invited individuals from the representative sample for screening with NT-proBNP,
and a diagnostic visit for all eligible individuals in which HF could not be ruled out (NTproBNP ≥ 125 pg/mL) and 17 randomized controls with NT-proBNP < 125 pg/mL. From the
extensive clinical data including echocardiography, we adjudicated the diagnosis of HF
according to the recent ESC/HFA guidelines3.
All participants in the HF prevalence study gave their written informed consent for
participation in the study. The study protocol was evaluated and approved by the National
Medical Ethics Committee (Approval Nr. 0120-656/2016) and the study was conducted in
accordance with the Declaration of Helsinki.
4.2.1. Study population and enrolment
Out of the 4,326 residents of Murska Sobota aged 55 years or more in the beginning of 2017,
the study population incorporated a representative sample of 588 individuals, which accounts
for 13.4% of the whole population of permanent residents of Murska Sobota aged 55 years or
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more. All sampling was done by the Statistical Office of the Republic of Slovenia which
assured that the population sample was representative of the whole population and provided
us with the individuals’ home address to be used for the purposes of sending individualized
invitation letters for enrolment in the study. Enrolment and sending of the invitation letters
were accompanied by extensive local media (paper, internet, radio and television) campaigns
and advertising. Invitation letters were sent weekly in sets of about 200 for the first set and
100 for the remainder.
4.2.2. Screening visit
All participants in the HF prevalence study were able to attend the screening visits in the
laboratories of Murska Sobota Community Health Centre and Murska Sobota General
Hospital. During the screening visit, a sample of heparinized venous blood was drawn to
measure NT-proBNP using the Cobas h 232 POC System, Roche, with Roche CARDIAC
proBNP+ cartridges. In addition, participants completed a questionnaire into HF symptoms,
diseases and medication and gave personal contacts to schedule the diagnostic visit.
4.2.3. Diagnostic visit
All participants with the NT-proBNP 125 pg/mL or more were individually contacted and
invited to attend the diagnostic visit. Additionally, at least 5% of controls with NT-proBNP
levels of less than 125 pg/mL were invited. During the diagnostic visit, participants had a
detailed examination including history taking and physical examination, trans thoracic
echocardiography, ECG, ankle brachial index (ABI), pulmonary function tests, body
composition measurement, 6-minute walk test (6MWT), short physical performance tests
(SPPB) and questionnaires (Table 2).
Table 2. Prevalence study: list of tests and procedures at the diagnostic visit.
History and physical examination
-

History of diseases and interventions

-

Symptoms and signs of HF

-

Standard measurements (blood pressure, heart
rate, height, weight, waist and hip
circumference)
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-

Medication

Echocardiography
Other tests
-

12-lead ECG and high-resolution ECG

-

Ankle brachial index measurement

-

Pulmonary function tests

-

Body composition measurement

Physical activity tests
-

6-minute walk test (6MWT)

-

Short physical performance battery (SPPB)

-

Handgrip test

Questionnaires
-

Health related quality of life (12-Item Short
Form Survey – SF-12)

-

EQ5D

-

Depression assessment (Patient Health
Questionnaire 9 Item – PHQ-9)

-

Nutritional assessment (Mini Nutritional
Assessment – MNA)

-

General well-being (Satisfaction With Life
Scale – SWLS)

History and physical examination
All participants were examined by a physician who conducted the interview protocol. Age,
sex, positive family history for ischaemic heart disease, history of diseases (MI, angina
pectoris, AH, HF, stroke or transient ischaemic attack, COPD, DM2, CKD, anaemia, iron
deficiency, malignant disease, and others), history of interventions, coronary artery bypass
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grafting, percutaneous coronary intervention, implantable cardioverter defibrillator, symptoms
of HF (dyspnea scale, New York Heart Association Functional (NYHA) class, tiredness,
orthopnea, paroxysmal nocturnal dyspnoea (PND), oedema of lower extremities, nycturia,
angina pectoris, and claudication), medication (diuretic, nitrates, beta blocker (BB),
angiotensin-converting enzyme inhibitor (ACE-I) or an angiotensin II receptor blocker(ARB),
mineralocorticoid receptor antagonist (MRA), digoxin, anti-platelet therapy, anticoagulation
therapy, calcium antagonist, statins, pulmonary disease therapy, and antidiabetic therapy). The
following HF signs were recorded: skin pallor, elevated central venous pressure, heart and
lung auscultation, heart apex palpation, palpation of pulses, congestive hepatopathy, and the
presence of oedema. We measured blood pressure, heart rate, height, weight, waist and hip
circumference.
Trans thoracic echocardiography
Echocardiography, crucial for the diagnosis of HF, was performed according to the ESC and
European Association of Cardiovascular Imaging (EACVI) standards72,73. Echocardiography
was performed by experienced echocardiographers using the standardized protocol. Views
(parasternal long and short axis in different sections, apical 4, 5 and 3 chamber, substernal)
and loops were recorded using a cardiac probe in the supine position with the left arm resting
under the head. The size of the cardiac chambers, valve function, left and right ventricular
systolic and diastolic function, Doppler measurements across valves were assessed and saved
on the work station. A special consideration was taken to evaluate the systolic and diastolic
function of the LV. Systolic function of the LV was assessed by calculating LVEF using
Simpson’s biplane method. Diastolic function of the LV was evaluated using deceleration
time of the mitral valve early diastolic inflow (DecT), E/A ratio, isovolumetric relaxation
time, E/e’, (e’m + e’l)/2, LVMI and LAVI.
Other tests
ECG
Standard and high resolution 12-lead ECG was recorded after 15 min rest in the supine
position. Twelve electrodes were placed in standard positions and 8, 32, and 300 seconds long
recordings were saved and later electronically processed and analysed. The ECG was
recorded using CARDIAX, IMED Ltd.
ABI
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Right brachial arterial pressure and both ankle arterial pressures were measured using
appropriate cuffs and ABI calculated for each extremity as each ankle arterial pressure
divided by right brachial arterial pressure. The ABI measurement was conducted by ABPI
MD, MESI.
Pulmonary function test
Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) was measured
and FEV1/FVC ratio calculated. Up to three tests were performed or until two measurements
of FVC were within 150 mL. The measurement with the highest FVC and FEV1 was used.
Body composition measurement
Body composition was assessed using bioimpendance measurement (BIA) in the supine
position after 10 min rest with electrodes on wrists and feet with Bodystat 1500, Bodystat.
Using height, weight and sex, body composition was calculated from impedance at different
voltages.
Physical performance tests
Handgrip, SPPB and 6MWT tests were performed. In 6MWT we measured the distance
walked in 6 minutes and the Borg dyspnoea score (from 0-10), heart rate, and blood oxygen
saturation at start and end was recorded. SPPB measures the balance, gait speed and multiple
chair stands, while the handgrip test measures the force in both hands.
Questionnaires
Participants will complete questionnaires regarding health-related quality of life (12-Item
Short Form Survey – SF-12), five health dimensions questionnaire (EQ-5D), depression
(Patient Health Questionnaire 9 Item – PHQ-9), nutrition (Mini Nutritional Assessment –
MNA) and general well-being (Satisfaction with Life Scale – SWLS).
4.2.4. Diagnosis adjudication
A panel of study researchers reviewed the results of all the investigations and procedures. HF
diagnosis was adjudicated according to the recent ESC/HFA guidelines3 (Figure 1, Table 1).
HFrEF was diagnosed when there were typical signs and symptoms of HF and LVEF lower
than 40%, HFmrEF was diagnosed when there were typical signs and symptoms of HF, LVEF
between 40% and 49%, NT-proBNP ≥ 125 pg/mL, and relevant heart disease and/or diastolic
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dysfunction. Similarly, HFpEF was diagnosed when there were typical signs and symptoms of
HF, LVEF ≥ 50%, NT-proBNP ≥ 125 pg/mL, and relevant heart disease and/or diastolic
dysfunction.
4.2.5. Statistical analysis
The primary endpoint of the HF prevalence study was the diagnosis of HF. The HF
prevalence was calculated in the study population as a whole and in age groups (by 10 years),
and extrapolated for the whole population of Murska Sobota and Slovenia. The HF prevalence
in the study population was calculated by dividing the number of participants with HF with
the number of the study population. Prevalence in the whole population of Murska Sobota and
Slovenia was calculated by multiplying the HF prevalence in each age group with the number
of people in each age group. The HF prevalence in people younger than 55 years was assumed
to be 0%. Using the binomial exact test, 95% CI were calculated for HF prevalence. The time
between sending the invitation and the screening visit was noted and a cumulative probability
plot was drawn and response rate after three months from invitation was calculated. In
addition, the proportions of HF subgroups (HFrEF, HFmrEF and HFpEF) were assessed.
Differences between participants with and without HF in the number or mean values of
comorbidities, typical symptoms and signs, medication use, echocardiographic data and other
tests were evaluated using Fisher’s exact test and the Student’s t-test, respectively.
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5. Results
5.1. Heart failure hospitalization study
During the study period, there were 2,430,748 hospitalizations due to any disease in Slovenia
and 158,303 (6.5%) of those were with HF. For this analysis, we excluded hospitalizations
where patients had permanent residence outside Slovenia (N = 590), were younger than 20
years (N = 795), had a mismatch between date of death and admission date (N = 18) and a
missing region of permanent residence (N = 48). The final sample eventually included
156,859 (100%) of all HF hospitalizations, 55,522 were main HF hospitalizations (35.4%),
and 43,606 (47.8%) were first HF hospitalizations.
5.1.1. Patients’ characteristics
Differences in patient characteristics and endpoints between statistical regions in patients
hospitalized with first HF hospitalizations are shown in Table 3. The median age varied from
77 to 80 years between regions (lowest in Koroška, Savinjska and Jugovzhodna Slovenija,
and highest in Goriška). More women were hospitalized with HF than men (54% vs. 46%).
Amongst the comorbidities, AH was the most prevalent, followed by pulmonary disease, AF,
IHD and DM2. The prevalence of comorbidities varied between the regions where the highest
variability was seen for IHD, MI and COPD. Regions with the lowest prevalence of IHD, MI
and COPD, compared to regions with the highest prevalence, had as much as 47%, 56% and
56% lower prevalence, respectively.
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Table 3. HF hospitalization study – patients’ characteristics and N of endpoints in Slovenian statistical regions.
Osrednjeslovenska

Pomurska

Podravska

Koroška

Savinjska

Zasavska

Posavska

Jugovzhodna
Slovenija

Gorenjska

Primorskonotranjska

Goriška

Obalnokraška

Population - N (%)

427103 (25.8) 97599 (5.9)

265031 (16)

58485 (3.5)

208805 (12.6) 36423 (2.2)

56925 (3.4)

113105 (6.8) 161878 (9.8) 42397 (2.6)

96915 (5.8)

92144 (5.6)

HF hospitalizations - N (%)

8098 (18.6)

3782 (8.7)

7745 (17.8)

1643 (3.8)

5183 (11.9)

1531 (3.5)

2424 (5.6)

2854 (6.5)

3865 (8.9)

1012 (2.3)

3249 (7.5)

2220 (5.1)

Men - (%)

45.8

42.6

45.2

46.1

46.6

44.0

46.0

47.4

45.2

46.2

45.9

49.3

Age (years) - median (IQR)

79 (71-85)

78 (69-84)

78 (70-84)

77 (69-83)

77 (69-83)

78 (69-84)

78 (70-84)

77 (70-83)

79 (71-84)

79 (72-85)

80 (72-85)

79 (71-85)

9 (4-16)

9 (5-15)

9 (5-15)

7 (3-12)

7 (3-12)

8 (4-15)

8 (4-14)

10 (4-17)

7 (4-13)

8 (4-14)

8 (4-13)

7 (4-12)

Arterial hypertension - (%)

64.3

51.9

49.2

73.1

53.7

66.4

67.0

69.8

61.1

63.0

50.8

59.8

Atrial fibrillation - (%)

37.6

33.9

31.8

38.8

35.7

35.7

29.8

43.0

34.0

38.1

30.9

39.0

Myocardial infarction - (%)

8.8

6.4

7.5

11.7

6.8

10.4

5.2

7.7

7.1

8.5

7.0

10.2

IHD - (%)

27.7

18.2

18.3

24.4

22.1

29.1

15.3

22.3

22.2

24.6

20.0

27.3

Diabetes mellitus - (%)

24.7

26.4

21.3

25.9

24.7

28.9

21.9

23.3

18.3

23.4

21.5

25.6

CKD - (%)

14.9

15.5

13.1

9.1

13.7

13.9

10.2

14.6

12.6

14.3

12.3

12.5

COPD - (%)

8.4

7.1

8.0

6.9

7.2

11.8

5.2

8.3

6.3

10.3

8.2

8.4

Cancer - (%)

8.7

8.6

10.0

9.6

7.2

8.0

6.7

9.1

7.4

6.7

13.1

7.4

Stroke - (%)

9.7

11.2

12.4

8.4

9.5

8.2

12.2

11.4

9.7

9.4

9.3

7.7

Pulmonary disease - (%)

46.4

37.9

43.5

45.2

42.2

46.2

33.3

49.8

39.7

43.3

39.7

35.1

Pneumonia - (%)

17.3

18.0

19.4

14.3

14.7

15.2

10.9

16.2

14.2

14.7

10.5

10.2

In-hospital mortality - N (%) 1323 (16.3)

687 (18.2)

2351 (30.4)

304 (18.5)

728 (14)

179 (11.7)

425 (17.5)

460 (16.1)

503 (13)

145 (14.3)

801 (24.7)

329 (14.8)

30-day mortality - N (%)

351 (5.2)

136 (4.4)

259 (4.8)

59 (4.4)

220 (4.9)

66 (4.9)

75 (3.8)

112 (4.7)

141 (4.2)

42 (4.8)

133 (5.4)

85 (4.5)

1-year mortality - N (%)

1569 (23.2)

640 (20.7)

1293 (24)

275 (20.5)

966 (21.7)

298 (22)

400 (20)

493 (20.6)

719 (21.4)

214 (24.7)

609 (24.9)

389 (20.6)

30-day readmission - N (%)

637 (9.4)

356 (11.5)

619 (11.5)

220 (16.4)

525 (11.8)

174 (12.9)

260 (13)

315 (13.2)

399 (11.9)

86 (9.9)

284 (11.6)

241 (12.7)

1-year readmission - N (%)

1663 (24.5)

830 (26.8)

1494 (27.7)

407 (30.4)

1167 (26.2)

386 (28.6)

562 (28.1)

656 (27.4)

882 (26.2)

206 (23.8)

690 (28.2)

554 (29.3)

Hospitalization length (days)
- median (IQR)

Endpoints N (%)

Abbreviations: HF – heart failure, IQR – interquartile range, IHD – ischaemic heart disease, CKD – chronic kidney disease, COPD – chronic obstructive
pulmonary disease
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5.1.2. Heart failure hospitalization rates trends
Between 2004 and 2012, the overall crude annual main and all HF hospitalization rates
increased from 248 to 278 (12.1%, P<0.001) and from 711 to 818 (15.0%, P<0.001),
respectively, whereas the overall standardized main and all HF hospitalization rates decreased
from 292 to 270 (7.5%, P=0.001) and from 833 to 795 (4.6%, P=0.031), respectively.
Between 2008 and 2012, overall crude and standardized first HF hospitalization rates
increased from 514 to 530 (3.1%, P=0.100) and decreased from 553 to 515 (6.9%, P=0.078),
respectively (Figure 4). Higher overall crude and standardized HF hospitalization rates were
observed in women, but analysis by age group showed that men had higher HF hospitalization
rates in every age group for the main, first and all HF hospitalizations (Table 4). The largest
differences in HF hospitalization rates between men and women were in the age groups 55–74
years, where rates in men were up to twice as high as in women. The decrease in standardized
HF hospitalization rates occurred particularly in age groups 55–84 years in both sexes. No
changes were seen in younger patients aged 20-54, while in the oldest age group (≥ 85 years)
a rise in HF hospitalization rates was seen, most pronounced in men.
Crude

HF hospitalization rates per 100.000

Main

Standardized

First

Any

800

600

400

2004 2006 2008 2010 2012 2004 2006 2008 2010 2012 2004 2006 2008 2010 2012
Year

Figure 4. Crude and standardized HF hospitalization rates for main, first and any HF
hospitalization.
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Table 4. Standardized main, first and all HF hospitalization rate trends by sex and age group.
Age (years) Overall
Year

20–44

45–54

55–64

65–74

75–84

≥85

Men Women Men Women Men Women Men Women Men Women Men Women Men

Women

Main HF hospitalization
2004
280 308

14

5

82

29

249

102

791

443

1993 1589

2813

2695

2005

287

313

12

2

83

24

259

104

737

473

2024 1468

3806

3140

2006

287

323

12

4

76

20

318

95

697

472

1994 1548

3536

3257

2007

283

304

19

4

82

21

266

80

763

451

1866 1462

3585

3068

2008

266

299

12

3

78

24

286

108

699

434

1700 1429

3387

2945

2009

268

294

12

3

76

22

273

90

695

431

1766 1359

3604

3089

2010

273

286

16

4

78

24

258

91

693

370

1947 1365

3198

3009

2011

247

298

11

2

71

29

215

98

716

407

1615 1359

3239

3264

2012

257

281

15

3

77

34

255

89

650

358

1672 1337

3646

2974

P

0,005 0,006

0,928 0,272

0,036 0,234

0,340 0,348

0,017 0,004

0,012 < 0.001

0,705

0,490

First HF hospitalization
2008

520

589

18

9

163

60

532

226

1392 917

3417 2757

6450

5519

2009

515

587

23

10

144

48

506

231

1320 859

3509 2630

6857

6095

2010

533

575

26

9

146

66

519

189

1382 777

3625 2721

6867

5874

2011

493

588

19

8

139

64

472

207

1301 813

3328 2736

6629

6028

2012

482

546

22

8

137

51

466

197

1265 754

3156 2555

6784

5582

P

0,146 0,155

0,751 0,139

0,051 0,949

0,034 0,175

0,105 0,038

0,261 0,332

0,513

0,954

7562

Any HF hospitalization
2004

801

881

32

10

217

89

701

329

2315 1350

5668 4415

8471

2005

862

964

28

11

240

83

720

338

2362 1486

6123 4648

11101 9000

2006

818

935

29

10

195

80

778

304

2143 1382

5869 4543

10118 8991

2007

836

908

36

12

232

75

750

284

2293 1329

5810 4424

10172 8780

2008

789

869

25

10

212

74

764

287

2131 1273

5409 4199

9970

2009

788

873

30

12

196

67

737

295

2051 1236

5546 4064

10462 9070

2010

800

866

34

11

209

78

738

263

2078 1142

5618 4173

10545 8997

2011

770

874

26

11

196

77

689

281

2051 1180

5388 4116

10523 9196

2012

756

831

29

10

194

70

703

265

2013 1145

5140 3948

10463 8586

P

0,019 0,026

0,002 0,001

0,011 0,002

0,209

0,646 0,779

0,073 0,026

0,484 0,002

Annual main HF hospitalization rates (per 100,000 population) were highest in the Posavska
statistical region (510 in 2004 and 511 in 2012) and lowest in the Osrednjeslovenska
statistical region (188 in 2004 and 195 in 2012). Similarly, first HF hospitalization rates were
highest in the Posavska statistical region (890 in 2008 and 709 in 2012) and lowest in the
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Osrednjeslovenska statistical region (405 in 2008 and 399 in 2012) (Table 5). Over the study
period, the main HF hospitalization rates for statistical regions have declined or remained
unchanged (significant decline in Podravska, Jugovzhodna and Obalno-kraška region, P <
0.05). Whilst no significant trends were observed in the first HF hospitalization rates, all rates
have declined or remained unchanged throughout the regions. The highest decline was seen in
the Zasavska and Koroška regions (average annual decline of 49 and 44 per 100,000 yearly,
respectively) (Table 5).
Table 5. Standardized main and first HF hospitalization rate trends by region.
2004 2005 2006 2007 2008 2009 2010 2011 2012

Change*

P

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

Koroška

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

5.4

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

Goriška

347

385

423

412

410

386

341

334

331

-6.8

0.162

Obalno-kraška

335

337

324

348

302

314

324

276

297

-6.2

0.022

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

Koroška

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

Goriška

656

608

558

600

590

-14.0

0.260

Obalno-kraška

505

474

543

457

455

-11.6

0.397

Region
Main HF hospitalizations

First HF hospitalizations

*

average yearly change in rates
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5.1.3. Heart failure readmissions
After the first HF hospitalization, 4,119 (9.4%) and 9,499 (21.8%) of patients had 30-day and
1-year HF readmissions, respectively. The number of HF readmissions in different regions is
displayed in Table 3. The overall annual 30-day and 1-year readmission rates after first HF
hospitalization remained unchanged in Slovenia (between 48 and 55 per 100,000 with an
average yearly change of 1 per 100,000) (Table 6).
Between the regions, large differences were seen in 30-day HF readmission rates in 2008
(varied between 102 and 22 per 100,000), while the differences had reduced by 2012 (varied
between 81 and 32 per 100,000). This trend was also observed in 1-year HF readmission
rates, albeit to a lesser extent. The Koroška, Zasavska and Posavska statistical regions had the
highest readmissions rates, while the lowest were seen in the Osrednjeslovenska statistical
region. The largest decline in the HF readmission rate was seen in Koroška and Zasavska
(average annual decline in 9 and 6 per 100,000, respectively) (Table 6).
Table 6. Standardized 30-day and 1-year readmission rate trends after first HF hospitalization
by region.
Region
30-day Slovenia

2008 2009 2010 2011 2012 Change* P
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

Koroška

101.9 85.2

92.7

58.4

69.8 -9.1

0.088

Savinjska

50.4

52.3

57.8

58.5

52.7 1.1

0.423

Zasavska

94.9

103.9 96.2

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

44.1 1.8

0.577

Primorsko-notranjska

21.5

41.2

29.6

48.2

51.8 6.8

0.075

Goriška

51.4

54.0

46.6

52.3

58.3 1.2

0.441

Obalno-kraška

61.0

43.3

56.2

48.8

53.0 -1.0

0.694

1-year Slovenia

100.8 65.6 -6.2

0.250

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

Koroška

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

Continued on the next page
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Table 6 (continued)
Region

2008 2009 2010 2011 2012 Change* P

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

11.7

0.417

Goriška

179

171

153

146

-11.6

0.016

176

127

173

137

-7.3

0.624

Obalno-kraška
*
average yearly change in rates

In the multiple mixed effect logistic regression analysis, the OR for 30-day and 1-year
readmissions were similar between Osrednjeslovenska (as a reference region) and any other
statistical region, except for Koroška and Obalno-kraška, which were statistically insignificant
(Figure 5). Men, older patients, those with recent year of hospitalization and patients with
cancer, CKD, pulmonary disease, MI, and DM2 were more likely to be readmitted within 30days and one year of their first HF hospitalization (Figure 6).
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Figure 5. Multiple logistic regression models for 30-day and 1-year readmissions. Results are
shown as OR with 95% CI for each statistical region.

Figure 6. Multiple logistic regression models for 30-day and 1-year readmissions:
Demographics and comorbidities. Results are shown as OR with 95% CI. *per 10-year
increase, **per 1-year increase.

5.1.1. Mortality after heart failure hospitalization
During first HF hospitalization 8,235 (18.9%) patients died, while of those that were
discharged alive, 679 (3.9 %) and 7,865 (18.0%) died within 30-days and 1-year, respectively.
The number of HF readmissions in different regions is displayed in Table 3. In-hospital
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mortality was the highest in Podravska and the lowest in the Zasavska statistical region (Table
3, Figure 7).

Figure 7. In-hospital mortality in Slovenia.

In the multiple mixed effect logistic regression analysis, the OR for in-hospital mortality in
patients hospitalized with first HF hospitalization was lowest in Pomurska, Koroška,
Savinjska, Goriška, and Posavska (Figure 8). Patients who were treated in intensive care units
and those with cancer, stroke and pneumonia were more likely to die during their first HF
hospitalization (Figure 9).
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Figure 8. Multiple logistic regression model for in-hospital mortality. Results are shown as
OR with 95% CI for each statistical region.
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Figure 9. Multiple logistic regression model for in-hospital mortality: Demographics and
comorbidities. Results are shown as OR with 95% CI. *per 10-year increase, **per 1-year
increase.
Overall annual 30-day and 1-year mortality rates after first HF hospitalization declined in
Slovenia (average yearly decline of 1 per 100,000, P = 0.045) (Table 7). Regions with the
highest rates were Zasavska and Posavska and the lowest were Osrednjeslovenska, Gorenjska
and Obalno-kraška (Table 7). The highest decrease in HF mortality rates was seen in
Zasavska for both 30-day and 1-year readmission rates (average annual decline of 6 and 11
per 100,000), while Primorsko-notranjska, Pomurska and Obalno-kraška also had a sharp
decline in 1-year mortality rates (average annual decline of 10, 7 and 6 per 100,000,
respectively) (Table 7).
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Table 7. Standardized 30-day and 1-year mortality rate trends after first HF hospitalization by
region.
Region
30-day 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

Koroška

25.6 15.4 34.5 25.6 13.9 -1.3

0.693

Savinjska

29.9 21.1 19.6 25.4 23.8 -0.8

0.61

Zasavska

36.6 52.8 32.9 41.2 14.8 -5.5

0.255

Posavska

34.8 19.3 22.5 31.7 23.2 -1.1

0.672

Jugovzhodna Slovenija 31.2 21.2 28.5 18.6 12.6 -4

0.077

Osrednjeslovenska

17.2 19.8 19.2 13.4 17.1 -0.7

0.479

Gorenjska

16.6 18.7 21.1 17.6 15.9 -0.2

0.772

Primorsko-notranjska

22

0.094

Goriška

24.1 21.6 18

Obalno-kraška

18.8 18.1 23.2 21

14.2 -0.6

0.629

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

Koroška

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 Slovenija 92

95

106

104

78

-2

0.651

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

Goriška

127

96

97

112

117

-0.4

0.947

95

85

102

84

66

-5.7

0.208

1-year Slovenia

*

2008 2009 2010 2011 2012 Change* P

Obalno-kraška
average yearly change in rates

24.3 21.9 10.5 13.2 -3.2
27.9 27.1 1.3

0.408

In the multiple mixed effect logistic regression analysis, the OR for 30-day and 1-year
mortality were similar for Osrednjeslovenska and any other statistical region, except for
Pomurska and Gorenjska, which had a lower OR for 1-year mortality (0.650 and 0.847,
respectively) (Figure 10). Men, older patients and patients with myocardial infarction, chronic
kidney disease, and cancer were more likely to die within 30 days and one year after
discharge for first HF hospitalization (Figure 11).
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Figure 10. Multiple logistic regression models for 30-day and 1-year mortality. Results are
shown as OR with 95% CI for each statistical region.
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Figure 11. Multiple logistic regression models for 30-day and 1-year mortality: Demographics
and comorbidities. Results are shown as OR with 95% CI. *per 10-year increase, **per 1-year
increase.
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5.2. Heart failure prevalence study
Overall, we invited 588 individuals for the screening visit. Of those, 313 did not respond
whilst 275 (47%) attended the screening visit. Of those participating in the screening visit,
135 with elevated NT-proBNP levels and 17 randomized controls with normal NT-proBNP
levels were invited for the diagnostic visit. Finally, 124 participants were evaluated in the
diagnostic visit and 28 participants removed consent or were lost to follow-up between
screening and the diagnostic visit (Figure 12).

Figure 12. Heart failure prevalence study flowchart.

5.2.1. Screening visit
In total, 588 invitation letters were sent to residents of Murska Sobota. The response rate was
47% and 275 participants were screened using NT-proBNP. The median time from invitation
to NT-proBNP screening of the responders was less than 10 days (Figure 13). The participants
and the study population (representative sample of residents of Murska Sobota ≥ 55 years)
had similar sex and age distribution. Men aged between 55 and 64 years and those aged 85 or
more had the lowest response rates (Figure 14). About half of the participants in the screening
visit had elevated NT-proBNP levels (49%). Higher NT-proBNP levels were seen in women
and in older participants (Figure 15). NT-proBNP was elevated in more than half of those 70
years or older and all participants older than 85 years had NT-proBNP levels of ≥ 125 pg/mL
(Figure 15).
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Figure 13. Participation in the screening visit after receiving an invitation letter.

Participants

24%

23%
21%

21%

20%

Study population

17%

16%

15%

15%
13%

13%

12%

10%
8%

8%

5%
4%
1%

0%
55-64 M

55-64 F

65-74 M

65-74 F
75-84 M
Group

75-84 F

>85 M

Figure 14. Sex and age distribution of participants and study population.
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140
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85 M
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Figure 15. Number and percentage of elevated NT-proBNP levels in different age/sex groups.
P < 0.001 for differences between age/sex groups.

5.2.2. Diagnostic visit
Overall, 152 participants with elevated screening levels of NT-proBNP and randomized
controls with normal screening levels of NT-proBNP were invited for a diagnostic visit. Of
those, 17 participants withdrew informed consent and an additional 11 were lost to follow-up.
Finally, 124 participants were evaluated in the diagnostic visit and the HF diagnosis was
adjudicated as per ESC/HFA guidelines.
Clinical characteristics such as comorbidities, symptoms and signs suggestive of HF, selected
medications, transthoracic echocardiography parameters and results of other tests on
participants with and without HF are shown in Table 8. Of the 31 participants with HF, only
36% had previously known HF. No significant differences in the prevalence of comorbidities
were observed between the two groups. With regard to symptoms, exertional dyspnoea,
nycturia, ankle oedema and orthopnoea have been characteristic for participants with HF.
Except for the presence of oedema, other signs were less prevalent (< 30%) in participants
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with HF. However, the presence of signs suggestive of HF was significantly higher in
participants with HF for all evaluated signs.
Table 8. Clinical characteristics in participants diagnosed with HF and without HF.
Characteristic

HF

no HF

P

Age [years] - mean (SD)

73.3 (7.9)

67.2 (7.8)

< 0.001

Men - N (%)

15 (48.4)

80 (37.0)

0.241

HF

11 (35.5)

4 (4.3)

< 0.001

Arterial hypertension

23 (74.2)

53 (57)

0.135

Ischaemic heart disease

6 (19.4)

10 (10.8)

0.227

Atrial fibrillation

7 (22.6)

9 (9.7)

0.117

Peripheral artery disease

2 (6.5)

2 (2.2)

0.26

Diabetes mellitus type 2

4 (12.9)

11 (11.8)

1

Stroke

0 (0)

1 (1.1)

1

Chronic kidney disease

1 (3.2)

1 (1.1)

0.439

Chronic obstructive pulmonary disease

2 (6.5)

3 (3.2)

0.598

Asthma

1 (3.2)

3 (3.2)

1

Thyroid disease

4 (12.9)

6 (6.5)

0.266

Cancer

2 (6.5)

5 (5.4)

1

Smoking [pack-years] mean (SD)

21 (13.8)

21.1 (17.8)

0.986

Exercise intolerance

25 (80.6)

24 (25.8)

< 0.001

Borg’s dyspnoea scale - mean (SD)

1.4 (1.3)

1.2 (1.1)

0.287

Paroxysmal nocturnal dyspnoea

3 (9.7)

3 (3.2)

0.164

Fatigue

10 (32.3)

14 (15.1)

0.063

Nycturia

19 (61.3)

27 (29)

0.002

Legs swelling

17 (54.8)

15 (16.1)

< 0.001

Orthopnoea

12 (38.7)

2 (2.2)

< 0.001

Chest pain

3 (9.7)

3 (3.2)

0.164

Claudication

4 (12.9)

5 (5.4)

0.226

History of comorbidities N (%)

Symptoms N (%)

Continued on the next page
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Table 8 (continued)
Characteristic

HF

no HF

P

Ankle oedema

19 (61.3)

12 (12.9)

< 0.001

Raised central venous pressure

7 (26.9)

4 (4.3)

0.004

Rales

6 (19.4)

4 (4.3)

0.015

Displaced apex beat

4 (12.9)

0 (0)

0.003

Heart murmur

8 (25.8)

5 (5.4)

0.003

Ascites

4 (12.9)

1 (1.1)

0.014

Hepatojugular reflux

4 (12.9)

0 (0)

0.003

Beta blocker

21 (67.7)

36 (38.7)

0.007

Angiotensin-converting enzyme inhibitor

15 (48.4)

39 (41.9)

0.539

Angiotensin II receptor blockers

5 (16.1)

8 (8.6)

0.308

Mineralocorticoid receptor antagonists

5 (16.1)

0 (0)

0.001

Calcium channel blocker

9 (29)

18 (19.4)

0.315

Diuretic

14 (45.2)

5 (5.4)

< 0.001

Statin

9 (29)

27 (29)

1

Anti-platelet drugs

7 (22.6)

24 (25.8)

0.814

Insulin

3 (9.7)

2 (2.2)

0.099

Oral anti-diabetics

4 (12.9)

9 (9.7)

0.735

Signs N (%)

Medications N (%)

Echocardiography parameters and other tests
NT-proBNP* [pg/mL] - mean (SD)

945.6 (1364.9)

165.8 (233.1)

< 0.001

Body mass index [kg/m2] - mean (SD)

30.4 (4.8)

28.4 (4.5)

0.045

Haemoglobin [g/L] - mean (SD)

133.1 (12.7)

138.4 (12.8)

0.05

Resting heart rate [1/min] - mean (SD)

66.4 (10.4)

70.7 (11.4)

0.071

LVEF [%]- mean (SD)

59.5 (10.7)

66.4 (7.7)

< 0.001

LAVI [mL/m2] - mean (SD)

39.4 (15.8)

30.8 (9.1)

< 0.001

LAVI> 34 mL/m2 – N (%)

17 (54.8)

29 (31.2)

0.031

LVMI [g/m2] - mean (SD)

113.1 (32.4)

98.9 (23.1)

0.009

Continued on the next page
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Table 8 (continued)
Characteristic

HF

no HF

P

– N (%)

19 (61.3)

41 (44.6)

0.146

E/e’- mean (SD)

14.1 (8.4)

10.7 (4.1)

0.003

E/e’ ≥ 13 – N (%)

10 (32.3)

27 (29)

0.821

(e’m + e’l)/2 [cm/s] - mean (SD)

8.5 (4.8)

8.3 (2.6)

0.813

(e’m + e’l)/2< 9 cm/s – N (%)

22 (71)

57 (63.3)

0.516

6MWT distance [m] - mean (SD)

403.2 (104.8)

502.4 (113.6)

< 0.001

LVMI ≥ 115 g/m2 (men) or 95 g/m2(women)

* value from screening visit. Abbreviations: HF – heart failure, SD – standard deviation, NTproBNP – N-terminal pro b-type natriuretic peptide, LVEF – left ventricular ejection fraction,
LAVI – left atrial volume index, LVMI – left ventricular mass index, (e’m + e’l)/2 – mean
septal and lateral wall annular early diastolic velocity

Participants with HF had history of BB, ACE-I, ARB, MRA and diuretic medication in 68%,
48%, 16%, 16% and 45%. BB, MRA and diuretic use was higher in participants with HF. All
transthoracic echocardiographic abnormalities, except for (e’m + e’l)/2 were associated with
HF. Even though the majority of participants with HF had HFpEF, LVEF was significantly
lower in participants with HF than those without. NT-proBNP levels were significantly higher
in participants with HF (Figure 16).
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Figure 16. Distribution of screening NT-proBNP values (violin plot). **** - P < 0.0001.
Coloured areas represent probability density plots with added median and interquartile range
in white boxes.

5.2.3. Heart failure prevalence
HF was diagnosed in 31 participants; three had HFrEF, two had HFmrEF and 26 had HFpEF.
No participants with normal NT-proBNP levels had been diagnosed with HF. The calculated
prevalence of HF in residents of Murska Sobota aged 55 years or more was 11.3% (95% CI
7.8% - 15.6%) and increased steeply with age (Figure 17). When extrapolated on the entire
population of Murska Sobota, estimated HF prevalence was 4.4% (95% CI 3.0% - 6.2%).
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Figure 17. HF prevalence in age groups with 95% CI.
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6. Discussion
In our HF hospitalization study, we have confirmed the first hypothesis. Crude annual
hospitalization rates due to HF increased between 2004 and 2012. This trend was observed in
patients hospitalized with main HF hospitalization, first HF hospitalization and any HF
hospitalization. Standardized main, first and any HF annual hospitalization rates decreased
between 2004 and 2012; consequently, we rejected the second hypothesis. The prevalence
study data demonstrates higher HF prevalence than hypothesised (11.3%, 95% CI 8% and
16%), hence the third hypothesis was rejected.

6.1. Heart failure hospitalization study
Studies in other European countries have shown similarly decreasing standardized HF
hospitalization rates. In large population studies in Scotland and Sweden that included more
than 110,000 and 440,000 first HF hospitalizations over 17- and 20-year periods, standardized
first HF hospitalization rates decreased significantly54,55. In a 12-year nationwide observation
in France, although first HF hospitalization rates did not change significantly, a decreasing
trend was reported.49 In general, first HF hospitalization rates in those studies are lower than
the first HF hospitalization rates in our study. Thus, in Scotland in 2003 there were 105 first
HF hospitalizations per 100,000 vs. 553 in Slovenia in 2008.54 When considering first HF
hospitalizations with HF coded as the main diagnosis, the standardized rate in Slovenia in
2008 was 268 per 100,000. The difference between Slovenia and Scotland is probably due to
differences in population (Slovenian patients were older: males 77 vs. 72 years; females 80
vs. 77 years), year of standardization (2011 vs. 2001) and shorter observational periods in
which patients were free of HF hospitalization (4 years in Slovenia vs. 5 years in Scotland).54
Women had lower age-specific HF hospitalization rates and first HF hospitalization rates than
men. However, women were 6 years older on average and, since HF hospitalization’s
prevalence increases with age, especially in age groups close to the median age of our cohort
(65–85 years), women had higher overall main, any and first HF hospitalization rates. In two
other studies that compared standardized HF hospitalization rates between the sexes,49,50
higher age-specific HF hospitalization rates in men were also reported; thus the higher overall
HF hospitalization rates in women remain unique to our Slovenian population. In the French
study,49 standardized HF hospitalization rates were 316 per 100,000 for men and 197 for
49
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women; crude rates were 248 for men and 245 for women. Differences in study populations
and standardization methods could explain the higher overall standardized rates in women in
our study but not in the French study. The difference between the sexes in HF prevalence
hospitalizations in specific age groups was considerable in the two studies: in the French
study, HF hospitalization rates in men aged over 60 were 54% higher than in women,
compared with 26% higher in men in our study. Furthermore, the French study was
standardized to the 2010 European census population. The difference in standardization
methods between the studies is particularly apparent when comparing differences in crude and
standardized rates: in the French study, the difference between the sexes changed
considerably after standardization, whereas in our study it remained unchanged.
When observing the standardized HF hospitalization rates for specific Slovenian statistical
regions, there were some exceptions seen in contrast to the national trends. The Zasavska,
Posavska and Prekmurska statistical regions had the highest standardized HF hospitalization
rates. The highest standardized rates were shown in the regions with the lowest socioeconomic status74 and those with high prevalence of CV risk factors75, while regions with high
HF hospitalization rates also had high mortality and readmission rates. Studies from other
countries also reported differences in regional HF hospitalization rates. Casper et al66 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.62, in the study
of Medicare beneficiaries hospitalized due to HF in the Tennessee catchment area, reported
that counties with higher HF hospitalization rates were in general those with lower primarycare-physician to Medicare beneficiaries’ ratio and that HF hospitalization rates were higher
in rural counties. On the other hand, a European study investigating potentially avoidable
hospitalizations in the Spanish regions of Castile and Leon found the opposite76. Patients from
different countries have significant differences in HF characteristics as well as in treatment
outcomes as highlighted in this sub analysis of the CIBIS-ELD trial77. From data presented in
this study, we can stipulate that such differences might also occur between different regions
inside countries.
In Slovenia, overall standardized mortality and readmission rates were different between
regions and large differences in trends were observed. However, results from the mixed effect
logistic regression models showed that no differences in HF burden exist in comparable
patients from different regions. Sporadic outliers to this fact were seen as individual but no
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evident patterns were revealed. The calculated OR for each variable reflects the differences in
similar patients – same sex, age, admission year, and with the same comorbidities78. Thus,
most regional differences in the prevalence of CV risk factors, comorbidities and
demographics were not influenced. Furthermore, by including the hospital identifier as a
random effect that corrected the model for possible hospital specific properties that influence
the outcomes79. Since 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 the socio-economic status of the patients
nor could we correct for the possible differences in HF severity, access to healthcare services,
admissions policies in hospitals, referrals from primary care, and outpatient management.
Thus, we believe that the differences in standardized rates might reflect the differences in
region specific patient characteristics.
We believe that the trends in decreasing standardized annual HF hospitalization rates as
shown in our study have resulted from the decline in cardiovascular risk factors as well as a
better care of patients with HF and conditions leading to HF (e.g. acute coronary syndrome).
In a comparison of 248 patients in a Slovenian community hospital in 1997 and 2000, a
significantly higher percentage of patients were treated with ACE-I(30% vs. 48%), BB (2%
vs. 7%) and MRA (15% vs. 25%) and had an echocardiogram (13% vs. 37%) in 2000.80
Moreover, four cross-sectional self-reported health surveys on cardiovascular disease risk
factors and chronic diseases in Slovenian adults in 2001, 2004, 2008 and 201281 showed a
decrease in several risk factors (e.g. smoking). The EURO ASPIRE study investigating
cardiovascular prevention in patients with established coronary artery disease also reported
better implementation of key cardiovascular therapies (BB, ACE-I, antiplatelet drugs).82
Between 2000 and 2004, the management of ST-elevation myocardial infarction significantly
improved, as reported in a large primary percutaneous coronary intervention centre.83
Furthermore, in the last ten years in Slovenia there has been a substantial increase in
performed transluminal coronary angioplasties (118%) and coronary artery bypass surgeries
(18%).18
The most important predictors for mortality and readmission after first HF hospitalization in
this study were sex, age and comorbidities, such as cancer, myocardial infarction, stroke,
chronic kidney disease, and pulmonary disease. Indeed, patient’s demographics and
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comorbidities have a crucial role in the development of readmission and mortality. While it
has been shown that women develop HF later than men84, men have higher mortality when
compared with women of equal age, as shown in our study. Not surprisingly, comorbidities,
such as cancer, myocardial infarction, stroke, chronic kidney disease and diabetes are
associated with higher mortality, while arterial hypertension and ischaemic heart disease were
associated with lower mortality. An interesting result that was previously reported in a
German study where patients hospitalized with arterial hypertension and previous myocardial
infarction had lower mortality19. We believe that patients with arterial hypertension represent
overall healthier patients with fewer other comorbidities, whereas patients hospitalized with
advanced or severe HF are frequently hypotensive. In recent years, there have been decreasing
trends of mortality after HF hospitalization, consistent with other European countries54,85. In
Slovenia, the general trend of reducing HF mortality could be explained by the reduction of
CV risk factors81 and improvement in the care of HF patients80. Even though the adherence to
guidelines in the managing of HF is improving, there is still room for improvement and better
detection of patients at risk86–88.
HF is one of the most important reasons for health expenditure20 and is the most common
cause for hospitalization in Slovenia17. 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 disease3,89. Many of the risk factors for HF (e.g., AH, DM2,
obesity, and MI) 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 HF prevalence
hospitalizations and differences in patients’ demographics and comorbidity 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 highlights the need for targeted
preventive programmes in regions with the highest HF burden.
6.1.1. Strengths and limitations
The HF hospitalization study used the complete national data for HF hospitalizations in
Slovenia and, to our knowledge, this is the first study to assess HF hospitalization rates in a
central or eastern European country. Furthermore, we investigated regional differences in HF
hospitalizations and outcomes after HF hospitalization in a comprehensive way. The HF
hospitalization study outcomes provide crucial information for a national level but also for the
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regional variability of HF hospitalizations, mortality and readmission. We were able to
analyse “real life” patients with HF and perform sophisticated statistical analyses to
investigate differences between regions. Our results highlight that, even with decreasing
overall HF hospitalization rates and decreasing rates of HF hospitalization in specific age
groups, the HF hospitalization burden is steadily increasing; we were also able to pinpoint the
regions with the highest HF burden that are in greatest need of both preventive and curative
actions to reduce the differences between regions.
There were also limitations to this study. Firstly, one can argue that the National Hospital
Discharge Registry relies on the data entered by the contributing hospitals. However, even
though criteria to diagnose HF in clinical practise might have changed during the study
period, ICD-10 codes remained the same and all hospitals used an unchanged standardized
methodology and coding practices during the study period. 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 reliable90. Secondly, 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, since the registry does not specify whether an
individual diagnosis is recorded for the first time, we have used an observational period of 4
years to define the first HF hospitalization. Some patients were therefore incorrectly identified
as having first HF hospitalization but, considering the frequency of HF hospitalizations, it is
likely that this was a negligible proportion. Similar methodologies have already been used50,54,
and we believe that the use of such a methodology provided an accurate analysis.

6.2. Heart failure prevalence study
The HF prevalence study demonstrated that HF prevalence is higher than reported previously
as the extrapolated HF prevalence in the whole population was two times higher than the
current estimates3. HF prevalence displayed linear association with age, which has also been
seen previously32,46. In the last 20 years five studies have evaluated HF prevalence in the
general population31,35,36,46,91. HF prevalence in these studies ranged from 3.9% - 9% in the
population aged 45 years or more. In four of these studies echocardiography was used but
only one had diastolic dysfunction evaluated using tissue Doppler imaging. Furthermore, NP
were measured in only two studies. The most comparable study from Italy46 evaluated HF in
the general population aged 65 to 84 years. Framingham’s criteria were used for subsequent
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referral for echocardiography and NT-proBNP measurement. The study showed that HF
prevalence was 6.7% and that preclinical HF was observed in 81%. As signs of HF, such as
bilateral ankle oedema may resolve with diuretic use, it is important to include possible HF
medication when considering HF diagnosis. In an Italian study, some people with HF may be
overlooked. Furthermore, based on the low response rate of 34% and the fact that nonresponders were men, older and with higher numbers of comorbidities, true HF prevalence
would be higher.
In our study, high and similar response rates throughout the age groups suggest that true HF
prevalence in the population of Murska Sobota might not be much different from what we
observed. When considering the differences in criteria for HF diagnosis, age of the study
populations and the time of data collection, the results from our study are comparable. Based
on the data from HF registries, we believe that both HFpEF and HFrEF represent about half of
HF patients3,14. Whether this is truly the case in the general population is uncertain. Our
results show that the majority of people with HF in the general population have HFpEF and
this was also observed in the previously mentioned Italian study46. As the response rate was
relatively low, the effect of selection bias in both studies remains unknown. A careful search
through medical files in non-responders to evaluate bias might be needed.
The diagnosis of HFpEF, especially in the typical elderly patient with co-morbidities and no
obvious signs of central fluid overload, is cumbersome and a validated gold standard is
missing. To improve the specificity of diagnosing HFpEF, the clinical diagnosis needs to be
supported by objective measures of cardiac dysfunction at rest or during exercise. The
diagnosis of HFpEF in patients with AF is difficult. Since AF is associated with higher NP
levels, the use of NT-proBNP for diagnosing HFpEF probably needs to be stratified by the
presence of sinus rhythm (with lower cut-offs) vs. AF (higher cut-offs). LAVI is increased by
AF, functional parameters of diastolic dysfunction are less well established in AF, and other
cut-off values probably apply. On the other hand, AF might be a sign of the presence of
HFpEF, and patients with AF and HFpEF often have similar characteristics. In addition,
patients with HFpEF and AF might have more advanced HF compared with patients with
HFpEF and sinus rhythm.
HF is often under diagnosed and misdiagnosed in primary care92–95. Results from the HF
prevalence study highlight the latter fact as only about a third of participants with confirmed
HF had history of previous HF. As in some other fields of chronic disease, rule of the halves
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also applies for HF; in other words, at least half of the patients with HF in the community are
not diagnosed and consequently not treated95. As such, they are at a particularly high risk of
adverse events, including death, as first presentation of HF. This observation raises the need
for better recognition and diagnosis of HF in communities as well as improving HF awareness
as it is likely that some of the patients with HF fail to recall the diagnosis or misunderstand
their diseases. Cognitive impairment is common among elderly and has even higher rates in
HF patients96,97. In the general population, HF remains an under recognized disease and the
level of awareness is inadequate2,98,99.
Participants who were diagnosed with HF had a high prevalence of comorbidities. Even
though no significant differences were seen, participants with HF had higher rates of
comorbidities than those without HF. The presence of symptoms and signs of HF in
participants with HF were similar to the study where patients with suspected HF were referred
from primary care22. The analysis of clinical characteristics from the diagnostic visit between
participants with HF and those without have emphasized factors that are associated with HF.
Amongst the symptoms suggestive of HF, exertional dyspnoea, nycturia, ankle oedema and
orthopnoea were statistically different between the groups and all evaluated signs of HF have
been associated with HF. Due to relative low numbers of participants with HF, a study into
diagnostic accuracy of clinical characteristics would be underpowered and was not performed.
Since typical signs and symptoms have low specificity for diagnosing HF23, NP in addition to
echocardiography are essential3. When using appropriate cut-off values the NT-proBNP has a
99% negative predictive value; however, the positive predictive value is low at only about
10%100. As the NP are dependent on sex, age and renal function, it might be applicable to
personalize the cut-off value to decrease the proportion of false positive cases and decrease
the need for echocardiography101. Indeed, although high NT-proBNP levels were associated
with HF and none of the randomized controls with NT-proBNP levels lower than 125 pg/mL
had been diagnosed with HF, many participants without HF had elevated NT-proBNP levels.
Of those, three (3.2%) had very high levels of NT-proBNP of 1048, 1498 and 2424 pg/mL.
We believe that elevated NT-proBNP levels were due to comorbidities, especially AF. NTproBNP levels are elevated in patients with AF with or without HF102–104. All our cases
without HF and high NT-proBNP levels had a history of AF or had AF at the time of the
diagnostic visit. Even though we have no data whether patients were in sinus rhythm at the
time of the screening visit, reports indicate that NP levels are increased in patients with
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paroxysmal AF even when in sinus rhythm104,105. Also, NP levels correlate with renal function
and age. With our observation about the increasing proportion of participants with NTproBNP ≥125 pg/mL as age increases, it might be necessary to adjust the cut-off for several
variables, including age, sex, body mass index, and renal function.
The echocardiographic evaluation of cardiac structure and function is crucial in identifying
patients with HF. In our study, echocardiographic parameters of structural or functional
alteration were significantly associated with the diagnosis of HF. On the other hand, several
cut-off values proposed did not differ between the two groups. Many participants without HF
had signs of diminished diastolic function, especially for (e’m + e’l)/2. The mean value of (e’m
+ e’l)/2 was under current cut-off in participants both with and without HF (71% vs. 63.3%).
Such a high prevalence of a marker in both groups reduces its diagnostic value and further
research into appropriate cut-off values and different echocardiographic markers for HF may
be needed.
Participants with HF were infrequently treated with BB, ACE-I, ARB or MRA, which is
likely to be due to new diagnosis of HF. In a subgroup of participants with previously known
HF the use of BB, ACE-I, or ARB, and MRA was higher or similar compared to the ESC HF
long term registry at discharge (91% vs. 72%, 73% vs. 77% and 45% vs. 34%, respectively)63.
Diuretic use was lower in this study compared to ESC HF long term registry (45% vs. 65%)
which may reflect a good translation of the guidelines into clinical practice.
6.2.1. Strengths and limitations
With this HF prevalence study we determined a community prevalence of HF in people aged
55 years or more according to the recent HF guidelines. Previous HF prevalence data are
outdated in respect of changes in demographic profiles and guideline recommended
diagnostic work-up, and are limited to mostly western European countries. The need for
reliable HF prevalence studies was highlighted as a gap in evidence in the recent HF
guidelines and this study addressed this issue.
We are aware of limitations to this study. The first issue that needs to be addressed is response
rate. About half of the invited inhabitants of Murska Sobota participated in the study and 18%
of those eligible for a diagnostic visit did not attend it. Age group analysis between
participants and the study population demonstrated that people aged 85 years or more were
the least likely to respond to an invitation. Another low response group were men between 55
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and 65 years. Some selection bias may be reflected through the fact that none of the
participants with HF was in NYHA class 4. Also based on the low rate of HFrEF we can
stipulate that people with advanced diseases, the elderly and immobile (in whom HF is
prevalent) were non-responders to the study – these reasons would cause lower prevalence
than in the general population. On the other hand, younger, healthy and asymptomatic people
may not have recognized the need for such a detailed examination. As these would probably
not have HF, they presumably have balanced the elderly and unhealthy non-responders to a
certain degree. A low participation rate is a common problem in cross-sectional studies in
communities, that cannot be resolved easily46. Secondly, one can argue that the observed HF
prevalence in Murska Sobota might not be applicable for other populations. We however
believe that large variations in HF prevalence between different populations in Slovenia and
Europe are unlikely; therefore, the generalization of the results is possible within certain CI.
Thirdly, given the assumption that HF prevalence in people younger than 55 years is 0% we
underestimated the true HF prevalence in the population. Yet, since the prevalence in age
group < 55 years is very low, the reported prevalence might not differ significantly from the
true figure.
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7. Conclusion
In Slovenia, the crude annual hospitalization rates due to HF increased between 2004 and
2012 and the standardized annual HF hospitalization rates decreased. This trend was observed
in patients hospitalized with main, first and any HF hospitalization. Estimated overall HF
prevalence in the whole population of Murska Sobota is 4.4%, which is two times higher than
reported previously for general populations in other geographical regions.
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