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Abstract
Background  Geographical differences may impact the treatment of heart failure (HF) and the results of clinical trials. We 
have investigated the differences between geographical areas across Europe in the BIOSTAT-CHF program.
Methods  Patients with worsening HF enrolled in BIOSTAT-CHF were subdivided, according to the European geographical 
areas, into those from Northern countries (The Netherlands, Norway, Sweden, UK), Central countries (Germany, Poland, 
Serbia, Slovenia), and Mediterranean countries (France, Greece, Italy). Patients were compared for baseline characteristics, 
treatment, and outcomes. The primary endpoint was a composite of all-cause mortality or HF hospitalization.
Results  Among 2516 patients enrolled in BIOSTAT-CHF, 814 (32.3%) were from Northern European centers, 816 (32.4%) 
from Central European centers, and 886 (35.2%) from Mediterranean centers. Patients from Northern European centers were 
older, had more severe signs and symptoms of HF, and with lower incidence of non-cardiac comorbidities such as chronic 
kidney dysfunction, diabetes and, hypertension, compared to those from the Central and Mediterranean centers. Patients 
receiving ≥ 50% of the target dose of both ACE-I/ARB after the up-titration phase were higher in the Northern European 
centers compared with the other regions (60% versus 58.7% in the Central European centers and 46.5% in the Mediter-
ranean ones; p < 0.001). The primary endpoint occurred at a higher rate in the Northern centers (44.3% versus 37.4% in 
central centers and 39.6% in Mediterranean centers; p = 0.014), this difference became non-significant after the adjustment 
for important confounders. Importantly, treatment up-titration reduced the event rates regardless of the geographical region 
(p for interaction > 0.05).
Conclusion  The BIOSTAT-CHF study showed significant differences in the clinical features, treatment and prognosis in 
European patients with HF. Patients from the Mediterranean centers less often had the HF treatments up-titrated; however, 
the treatment up-titration benefited patients irrespective of their geographical region and should be part of the “default” 
clinical practice.
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Introduction

Heart failure (HF) is prevalent worldwide and its incidence 
is increasing due to the aging of the population and the effi-
cacy of treatment of acute cardiovascular diseases [1–4]. 
However, the patients’ characteristics, HF treatments, and 
prognosis may differ with the geographical region and these 
geographical differences may affect the way each individual 
patient is treated and also limit the generalizability of the 
research results [5–9]. These differences may be important 
even within one single continent, such as in the case of the 
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European countries [10–12]. This was first shown in the ret-
rospective analyses of randomized trials and then in regis-
tries [13–15]. The European Society of Cardiology’s (ESC) 
HF pilot survey showed differences across European geo-
graphical areas [15]. Patients from Eastern European coun-
tries were younger, with a more frequent ischemic etiology 
and had higher systolic blood pressure. Patients in Northern 
countries had a lower left ventricular ejection fraction (EF). 
Devices were under-used in Eastern countries [15]. In the 
more recent ESC-HF Long-term registry, patients from mid-
dle Eastern and Northern European countries were older 
and more likely to have an ischemic etiology. The use of 
implantable cardioverter defibrillators (ICDs) or cardiac 
resynchronization therapy with defibrillation (CRT-D) was 
also different across European areas. Geographical areas 
were independently related with the outcomes of chronic 
heart failure patients at multivariable analysis, with a lower 
risk of events in Northern European versus Southern Euro-
pean countries [16].

The biological study of tailored treatment in chronic HF 
(BIOSTAT-CHF) is a European (11 European countries) 
multicenter (most patients were enrolled and followed by 
tertiary referral centers), prospective study, which included 
patients with worsening signs and/or symptoms of HF who 
were considered to be on sub-optimal medical treatment 
[17]. Therefore, this study allows the assessment of geo-
graphical differences between different areas of Europe in 
patients whose treatment was not optimal, but the study pro-
tocol recommended treatment optimization. Consequently, 
observing eventual patterns and differences in HF treat-
ment optimization may help in developing strategies for the 
improvement of HF treatment across Europe.

The aim of this secondary, non-prespecified analysis 
is to investigate the geographic differences in the clinical 
characteristics, prognosis, and treatment up-titration in the 
BIOSTAT-CHF study.

Methods

The design and main results of the study is described in 
detail elsewhere [18, 19]. The primary inclusion crite-
ria were defined by either a left ventricular ejection frac-
tion (LVEF) < 40% or plasma concentrations of BNP 
and/or N-terminal pro-brain natriuretic peptide (NT-
proBNP) > 400 ng/ml or > 2000 ng/ml and treated with at 
least 40 mg of diuretics. Patients were enrolled from 11 
European countries and had to be  treated with sub-optimal 
dose of angiotensin-converting enzyme inhibitors and/or 
angiotensin receptor blockers. Of the 2516 patients included 
in the index cohort, 2281 (91%) have a left ventricular ejec-
tion fraction ≤ 40% while only 235 (10%) patients have ven-
tricular ejection fraction greater than 40%. Patients had to be 

not previously treated with angiotensin-converting enzyme 
(ACE) inhibitors or angiotensin receptor antagonists (ARBs) 
and beta-blockers or should have been receiving ≤ 50% of 
their target doses according to the current guidelines [1]. 
Patients hospitalized for acute HF and outpatients with of 
signs and symptoms of HF could be included in the study. 
The outpatients included in the study were 822 (33%) while 
inpatients were 1694 (67%) (Table 1). The primary endpoint 
was time to a composite of all-cause death and heart failure 
hospitalization. The trial was approved by the ethics com-
mittee at each study center. All the patients provided written 
informed consent. The study design included a 3-month up-
titration phase, during which the investigators had to intro-
duce and/or up-titrate guideline-recommended medications 
with special attention to ACE-inhibitors, ARBs, beta-block-
ers and mineralocorticoid receptor antagonists (MRA). The 
NT-pro BNP values were measured using the Proseek Mul-
tiplex CVDII panel (Olink Proteomics AB, Uppsala, Swe-
den) and presented in normalized protein expression (NPX) 
values, which is an arbitrary unit on a log2 scale in which a 
high value corresponds to a higher protein expression [20].

For the purpose of this analysis, the study patients of 
BIOSTAT-CHF were subdivided according to their country 
of origin’s geographical area. Northern countries included 
The Netherlands, Norway, Sweden, and UK; Central coun-
tries included Germany, Poland, Serbia, and Slovenia; Medi-
terranean countries included France, Greece, and Italy. All 
countries were classified by the World Bank as belonging 
to the high-income economies with the exception of Serbia 
which is included (by the World Bank) among the upper-
middle-income economies [21]. Each country contributed 
with a different number of centers: The Netherlands 12, 
France 12, Germany 1, Serbia 8, Slovenia 3, Greece 11, Italy 
8, Sweden 4, Norway 5, Poland 5, and Scotland (UK) 6. The 
recruitment centers were mainly general cardiology at some 
tertiary centers [17].

Statistical analysis

Continuous variables are shown as mean ± standard devia-
tion, dichotomous variables as number (%). Comparisons of 
the demographic and clinical baseline characteristics, medi-
cal history, and medications were done by ANOVA for con-
tinuous variables and the two test for categorical variables. 
Categorical variables are expressed as frequencies and pro-
portions (%). Individual country contributing to the enroll-
ment and treatment according to the geographical area are 
expressed as frequencies and proportions (%). Kaplan–Meier 
plots were generated for each area to evaluate clinical out-
comes. A p value < 0.05 was used to indicate statistical sig-
nificance. The outcomes of interest are time to a composite 
of death or unscheduled hospitalizations for heart failure, HF 
hospitalization, and all-cause mortality. Cox proportional 
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Table 1   Baseline characteristics 
of the patients subdivided 
according to the European area

ACEi angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blocker, BMI body mass index, 
CABG coronary artery by-pass grafting, COPD chronic obstructive pulmonary disease, eGFR estimated 
glomerular filtration rate, HF heart failure, HR heart rate, JVP jugular venous pressure, LVEF left ventricu-
lar ejection fraction, MRA mineralocorticoid receptor antagonist, Nt-proBNP N-terminal pro-brain natriu-
retic peptide, NYHA New York Heart Association, PAD peripheral artery disease, PCI percutaneous coro-
nary intervention, SBP systolic blood pressure, NS not significant p > 0.05

Variables Northern area Central area Mediterranean area p value for trend

Number (%) 814 (32.3) 816 (32.4) 886 (35.2) < 0.001
Age, years 70.7 ± 11.9 66.1 ± 10.7 68.4 ± 12.6 < 0.001
Male sex, n (%) 548 (67.3) 624 (76.5) 674 (76.1) < 0.001
Race, n (%) NS
 White Caucasian 802 (98.5) 813 (99.6) 874 (98.6)
 Other 12 (1.5) 3 (0.4) 12 (1.4)

BMI, Kg/m2 27.7 ± 5.9 28.3 ± 5.1 27.6 ± 5.4 0.021
HR, bpm 88.3 ± 24.7 79.6 ± 19.5 79.3 ± 18.4 < 0.001
SBP, mmHg 125.3 ± 24.8 126.4 ± 19.8 122.6 ± 20.7 0.001
Pulmonary rales, n (%) 434 (57.0) 364 (44.9) 493 (56.5) < 0.001
Peripheral edema, n (%) 455 (65.8) 415 (55.2) 386 (58.9) < 0.001
Elevated JVP, n (%) 249 (40.8) 128 (20.6) 177 (34.0) < 0.001
NYHA class III/IV, n (%) 506 (66.7) 492 (60.3) 524 (60.2) 0.010
Orthopnea, n (%) 370 (45.6) 238 (29.2) 271 (30.6) < 0.001
LVEF, n % 31.6 ± 11.9 30.7 ± 10.8 30.8 ± 9.3 NS
LVEF ≤ 40%
LVEF ≥ 40%

705 (86.6)
109 (13.4)

761 (93.3)
55 (6.7)

815 (92.0)
71 (2.0)

< 0.001

Primary HF etiology, n (%) 0.006
 Ischemic 317 (38.9) 381 (46.7) 405 (45.7)
 Hypertensive 79 (9.7) 89 (10.9) 86 (9.7)
 Valvular 72 (8.8) 63 (7.7) 55 (6.2)
 Other/miscellaneous 346 (42.5) 283 (34.7) 340 (38.4)

Hemoglobin, g/dl 13.0 ± 2.0 13.5 ± 1.8 13.0 ± 1.8 < 0.001
eGFR, ml/min/1.73m2 58.9 ± 23.0 66.3 ± 22.4 62.2 ± 23.6 < 0.001
Sodium, mmol/l 138.9 ± 4.0 139.8 ± 3.8 138.8 ± 4.1 < 0.001
Potassium, mmol/l 4.2 ± 0.5 4.4 ± 0.6 4.2 ± 0.6 < 0.001
LogNt-proBNP, ng/l 3.40 ± 1.34 2.79 ± 1.39 2.89 ± 1.36 < 0.001
Hypertension, n (%) 410 (50.4) 615 (75.4) 544 (61.4) < 0.001
Atrial Fibrillation, n (%) 387 (47.5) 347 (41.8) 415 (46.8) 0.038
Diabetes mellitus, n (%) 216 (26.5) 280 (34.3) 323 (36.5) < 0.001
COPD, n (%) 155 (19.0) 114 (14.0) 167 (18.8) 0.009
Stroke, n (%) 84 (10.3) 67 (8.2) 82 (9.3) 0.340
PAD, n (%) 81 (10.0) 78 (9.6) 114 (12.9) 0.055
Device therapy, n (%) 166 (20.4) 173 (21.2) 279 (31.5) < 0.001
PCI or CABG, n (%) 259 (31.8) 258 (31.6) 325 (36.7) 0.042
Loop diuretic, n (%) 810 (99.5) 816 (100) 878 (99.1) 0.026
ACEi/ARB, n (%) 597 (73.3) 640 (78.4) 583 (65.8) < 0.001
≥ 50% dose, n (%)* 389 (60.0) 422 (58.7) 359 (46.5) 0.001
Beta-blocker, n (%) 659 (81.0) 714 (87.5) 720 (81.3) < 0.001
≥ 50% dose, n (%)* 302 (46.6) 234 (32.5) 241 (31.2) < 0.001
MRA, n (%) 347 (42.6) 543 (66.5) 449 (50.7) < 0.001
Digoxin, n (%) 170 (20.9) 192 (23.5) 129 (14.6) < 0.001
All-cause mortality, n (%) 238 (29.2) 197 (24.1) 222 (25.1) 0.043
During up-titration period n (%) 67 (8.2) 43 (5.3) 41 (4.6) 0.004
HF hospitalization 221 (27.1) 171 (21.0) 217 (24.5) 0.014
Type of patients n (%) < 0.001
 Outpatients 222 (27.2) 345 (42.3) 255 (28.8)
 Inpatient 592 (72.8) 471 (57.7) 631 (71.2)
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hazard regression models were used to model long-term 
event rates, both in univariable and multivariable analyses. 
A validated multivariable risk model was used to predict 
all-cause mortality and hospitalizations and assess the inde-
pendent prognostic value of geographical areas [20]. Cox 
model’s proportional hazard assumptions have been verified 
and no violations found. Statistical analysis was performed 
with Stata ®software 14.2 (Release 14, 2015, StataCorp LP, 
College Station, TX).

Results

Patients were enrolled from December 2010 to 15 December 
2012. The end of study follow-up was on 1 April 2015. A 
total of 2516 patients were enrolled in the BIOSTAT-CHF 
study with a median follow-up of 21 months (interquartile 
range: 15–27 months).

The distribution according to the geographic region was 
as follows: 814 (32.3%) in Northern centers, 816 (32.4%) in 
Central centers, and 886 (35.2%) in Mediterranean centers. 
Results regarding the baseline characteristics of the patients 
subdivided according to the European area are shown in 
Table 1 and individual country’s contribution to enrollment 
in the study is represented in supplementary Fig. 1. Data 
about the enrollment contribution and baseline characteris-
tics for each individual country are listed in supplementary 
Table 1.

Baseline characteristics

The patients from northern European centers were more 
hospitalized and with a higher percentage of LVEF > 40% 
(Table 1). Patients from Northern European centers were 
also much older, more often female, had a higher heart 
beat rate (88.3 ± 24.7 beats per minute in Northern area 
vs 79.6 ± 19.5in Central area and 79.3 ± 18.4 in the Medi-
terranean area; p < 0.001), more severe signs and symp-
toms of HF and higher NT-pro BNP values (log-NT-pro 
BNP3.40 ± 1.34 NPX in the Northern area vs 2.79 ± 1.39 
NPX in the Central area vs 2.89 ± 1.36 NPX in the Medi-
terranean area; p < 0.001). History of diabetes and high 
blood pressure were lower in Northern European centers 
(diabetes: Northern centers 26.5%, Central centers 24.3%, 
Mediterranean centers 36.5%, p < 0.001; high blood pres-
sure: Northern countries 50.4%, Central countries 75.4%, 
Mediterranean countries 61.4%, p < 0.001). The presence 
of atrial fibrillation and chronic obstructive pulmonary 
diseases has been more frequent in patients from north-
ern European centers (atrial fibrillation: Northern centers 
47.5%, Central centers 41.8%, Mediterranean centers 46.8%, 
p < 0.038; COPD: Northern centers 19.0%, Central centers 
14.0%, Mediterranean centers 18.8%, p < 0.009). Arterial 

hypertension and valvular disease were more often the 
cause of heart failure in patients form Northern European 
centers compared with the others areas of origin (hyper-
tension: Northern Countries 9.7%, Central centers 10.9%, 
Mediterranean centers 9.7%; valvular disease: Northern 
centers 8.8%, Central centers 7.7%, Mediterranean centers 
6.2%). Instead, the ischemic etiology of heart failure was 
less frequent in the Northern European centers (Northern 
centers 38.9%, Central centers 46.7%, Mediterranean centers 
45.7%). With regard to the biochemical profile, the base-
line glomerular filtration rate was lower in Northern area 
patients compared to the others (eGFR, ml/min/1.73m2: 
Northern centers 58.9 ± 23.0, Central centers 66.3 ± 22.4, 
and Mediterranean centers 62.2 ± 23.6, p < 0.001), as well 
as sodium plasma levels (sodium, mmol/l: Northern centers 
138.9 ± 4.0, Central centers 139.8 ± 3.8, and Mediterranean 
centers, 138.8 ± 4.1, p < 0.001), and potassium levels (North-
ern centers 4.2 ± 0.5, Central centers 4.4 ± 0.6, and Mediter-
ranean centers, 4.2 ± 0.6, p < 0.001).

The use of implantable devices was most common in the 
Mediterranean centers, as well as a previous history of coro-
nary revascularization with percutaneous coronary angio-
plasty (PCI) or coronary artery bypass (BPAC).

Figure 2a, b represents the country-by-country distri-
bution of signs of congestion. Patients from the Northern 
European centers tended to have a higher prevalence of pul-
monary congestion, peripheral edema and elevated jugular 
venous pressure compared with Central and Mediterranean 
centers.

Treatment

The data regarding treatments are shown in Table 1 and Sup-
plementary Fig. 2 and refer to the end of the 3-month up-
titration period. The prescription of guideline-recommended 
therapies varied across the groups. Patients from Central 
European centers received more ACE-inhibitors or ARBs 
compared to those from Northern European and Mediterra-
nean centers (78.4% versus 73.3% and 63.6%, respectively). 
Beta-blockers and MRA were administered more often in 
central Europe compared with the other countries (87.5% 
versus 81.3% and 80% for beta-blockers and 66.5% versus 
42.6% and 50.7% for MRA in the Northern European and 
Mediterranean centers, respectively).

Digoxin was frequently prescribed in Central Europe 
(23.5%) and was less used in Mediterranean patients 
(14.6%). Loop diuretics were prescribed, as required in the 
protocol, in almost all patients, with slightly lower, but sta-
tistically significant (p = 0.026) rates in the Mediterranean 
centers (99.1% versus 99.5% and 100% in the Northern and 
Central centers, respectively).

Notably, the proportion of patients receiving ≥ 50% of the 
target dose of both ACE-I/ARB after the up-titration phase 
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was higher in the Northern European centers compared with 
the other regions (60%, versus 58.7% in the Central centers 
and 46.5% in the Mediterranean ones; p 0.001). Similarly, 
achievement of ≥ 50% of the target doses of beta-blockers 
was greater in patients in the Northern European centers 
than in the Central and Mediterranean ones (46.6%, 32.5%, 
31.2%, respectively, p < 0.001).

Outcomes and interaction with treatment

The incidence of the endpoints is shown in Table 1. Patients 
from the Northern centers had higher numerical rate of the 

primary endpoint of the study of all-cause mortality and 
HF hospitalization (44.3% in the Northern centers versus 
37.4% in the Central centers and 39.6% in the Mediterranean 
centers; p = 0.014). A similar result was found for all-cause 
mortality alone (29.2%, 24.1% and 25.1% in the Northern, 
Central and Mediterranean centers, respectively; p = 0.043) 
and HF hospitalizations alone (27.1%, 21.0% and 24.5% in 
the Northern, Central and Mediterranean centers, respec-
tively; p = 0.014). During the up-titration period, the patients 
from Northern European centers had a significant increase in 
all-cause mortality compared with other regions (Northern 
centers 8.2%, Central centers 5.3%, Mediterranean centers 

Fig. 1   Kaplan–Meier plots according to the European region. a all-cause mortality and HF hospitalization; b all-cause mortality; c HF hospitali-
zation
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4.6%, p 0.004). Figure 2a, b represents the country-by-coun-
try distribution of outcomes.

Unadjusted and adjusted outcome analyses for the pri-
mary and secondary endpoints are shown in (Table 2). After 
adjustment for other predictors of the outcome, there were 
no significant differences between the geographical areas in 
terms of relative risk of clinical outcomes. Differences in the 
outcomes were evaluated by the Log-rank test and are shown 
in the Kaplan–Meier curves (Fig. 1).

Treatment up‑titration

Reaching to at least 50% of the recommended dose of beta-
blockers and ACEi/ARBs was associated with a reduced 
primary outcome (death or HF hospitalization) event rate: 
HR (95%CI) = 0.82 (0.72–0.94); p = 0.003. Without treat-
ment by region interaction; p for interaction = 0.058. Sup-
plementary Table 2.

Fig. 2   a Country-by-country distribution of signs of congestion; b country-by-country distribution of outcomes
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Discussion

This analysis of BIOSTAT-CHF shows that there are marked 
differences in patient characteristics and HF treatment in dif-
ferent geographical areas in Europe. Patients from Northern 
European centers were older, more often female and had a 
higher heart rate, more severe signs and symptoms of HF and 
higher NT-proBNP values. Patients from Central European 
centers were younger, had a higher prevalence of hyperten-
sion and were more likely to receive ACE-inhibitors/ARBs, 
beta-blockers and MRAs at baseline. Mediterranean patients 
were more likely to be diabetics and had a greater history of 
PCA or CABG. A device implantation was more likely in 
these patients. In general, patients from Northern European 
centers seem to have a greater severity of heart failure but 
the adjusted event rates were similar across regions. Impor-
tantly, treatment up-titration benefited all patients regardless 
of their region of origin.

A previous analysis of BIOSTAT-CHF study, reach-
ing less than 50% of the recommended doses of ACE-
inhibitors/ARBs and beta-blockers was associated with a 
greater risk of death and/or heart failure hospitalization 
[22]. The authors also demonstrated that achieving ≥ 50% 
of the target doses of these drugs predicted better out-
comes and this association persisted after adjustment for 
baseline variables. These data were recently confirmed in 
the QUALIFY international registry where the prescrip-
tion of at least 50% of recommended dosages of ACEIs, 
ARBs, BBs, MRAs and ivabradine was associated with 
better outcomes [23]. In our analysis, patients from 
Northern European centers have reached higher doses of 

ACE-inhibitors/ARBs and beta-blockers compared with 
the other regions. Patients from this region were also more 
hospitalized at the time to inclusion in the BIOST-CHF 
study and showed higher mortality rates in univariate anal-
ysis during the titration period compared with the Central 
and Mediterranean patients (Table 1). Although patients 
from Northern Europe were the oldest, the presence of 
common co-morbidities usually related with age such as 
diabetes, arterial hypertension and chronic kidney disease 
were lower than in the Central Europe and in the Mediter-
ranean areas. These data are also consistent with the Heart 
Failure Long-Term Registry (ESC-HF-LT) in which the 
proportion of patients with diabetes and hypertension in 
both acute and chronic HF were higher in Northern Europe 
compared with the other European countries [15].

In general, our results confirm previous studies show-
ing significant differences in the characteristics, outcomes 
and medical treatment of patients with HF from different 
geographical areas [5–14]. In particular, it has also been 
demonstrated that there are substantial variations in the use 
of guideline-recommended medications in patients of the 
same geographical area [24]. Many factors may account 
for these differences within one continent and may include 
climate, socioeconomic conditions, income, health system 
organization [25–27]. Data from the CHAMP-HF (change 
the management of patients with heart failure) registry 
showed that sex (women), race (blacks and Hispanics) and 
lower socioeconomic status are associated with worse qual-
ity of life, functional and socioeconomic status and more 
severe symptoms [28]. Despite the differences among the 11 
European countries in national health systems, economy and 

Table 2   Clinical outcomes by geographic area

a Adjusted on age, gender, heart rate, pulmonary congestion, peripheral edema, elevated jugular venous pressure, NYHA class, orthopnea, left 
ventricular ejection fraction, primary heart failure cause, potassium, Nt-proBNP, hypertension, atrial fibrillation, diabetes, angiotensin-convert-
ing enzyme inhibitor use and mineralocorticoid receptor antagonist use (i.e. the baseline differences observed from Table 1)
CI confidence interval, HF heart failure

Northern 
area

Central area Mediter-
ranean 
area

Mediterranean vs Northern 
area

Mediterranean vs Central 
area

Central vs Northern area

No patients 814 816 886 Hazard ratio (95% CI) Hazard ratio (95% CI) Hazard ratio (95% CI)

Outcome Event rates 
per 100 
person-years

Unadjusted Adjusteda Unadjusted Adjusteda Unadjusted Adjusteda

All-cause 
mortality

16.6 15.0 14.8 0.89 (0.74–
1.07)

0.96 (0.77–
1.19)

0.99 (0.82–
1.20)

0.77 (0.63–
0.95)

0.89 (0.74–
1.08)

1.23 (0.98–
1.55)

HF hospitali-
zation

18.5 17.0 14.7 0.89 (0.74–
1.08)

0.91 (0.73–
1.14)

1.19 (0.97–
1.45)

0.97 (0.79–
1.19)

0.75 (0.62–
0.92)

0.93 (0.74–
1.19)

All-cause 
mortal-
ity + HF 
hospitaliza-
tion

30.3 27.6 26.2 0.89 (0.77–
1.04)

0.93 (0.77–
1.11)

1.07 (0.92–
1.25)

0.86 (0.73–
1.01)

0.83 (0.71–
0.97)

1.07 (0.89–
1.29)
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quality of life, we did not find significant differences in the 
outcomes of patients included in the BIOSTAT-CHF study.

Non-pharmacological treatment of HF also differed 
across the regions. Patients from the Northern European 
centers were less likely to receive ICD and CRT-D devices 
while Central European centers had less coronary revascu-
larization despite the higher incidence of coronary artery 
disease. Data from the BIOSTAT-CHF study show that 
coronary revascularization (percutaneous or surgical) and 
device implantation were greater in the Mediterranean Euro-
pean centers. These data are consistent with epidemiological 
studies [29, 30]. In particular, the number of implantable 
electronic defibrillators was higher in the Southern than the 
Northern region with, respectively, 135 and 100 implants per 
million inhabitants [31]. The presence of an old healthcare 
organizational structure and less control of health expendi-
ture could explain the greater use of revascularization and 
device therapy in the centers of Southern Europe compared 
to the Central and Northern Europe. The control of the accu-
racy of health expenditure is a priority in some countries like 
Italy [32]. Socioeconomic factors are well-known determi-
nants of the use of devices and may also have had a major 
role in our patients [33].

National income is another determinant of the quality of 
health care offered by a nation [34]. Indeed, high-income 
European countries provide citizens a better quality of care 
especially for what concerns disease-management specific 
programs as well as integrated prevention initiatives often 
realized with the help of dedicated medical and nurse-led 
programs [35]. The prospective urban rural epidemiologic 
(PURE) study has shown that the rates of major cardiovas-
cular disease and death were higher in low-income coun-
tries than in high-income countries despite having a higher 
burden of cardiovascular risk factors [36]. The PURE study 
evaluated 628 urban and rural communities in 17 countries 
from Asia, Africa, North and South America and Europe.

Our results show the same event rates in patients com-
ing from different countries, independent of their incomes. 
This may be caused by lower differences in the healthcare 
systems, when related to tertiary care centers, such as those 
involved in BIOSTAT-CHF, compared to a worldwide 
study such as PURE. Recently the income inequality was 
associated with poor outcomes in patients with HF, with an 
impact similar to those of major comorbidities [37]. In this 
study, 15,216 participants from 54 countries worldwide were 
enrolled in the two largest trials including patients with HF, 
namely reduced LVEF: PARADIGM-HF trial(Prospective 
comparison of ARNI [angiotensin receptor neprilysin inhibi-
tor] with ACEI [angiotensin-converting enzyme inhibitor] 
to determine the impact on global mortality and morbidity 
in heart failure) and the ATMOSPHERE trial (aliskiren trial 
to minimize outcome in patients with heart failure). Income 
should, however, be considered as a potential novel variable 

on HF outcomes in the context of international mega trials 
[12, 38].

In our study, variables related to HF severity were the 
only determinants of outcomes at multivariable analysis. 
Medical treatment, despite significant geographical differ-
ences, had no independent role.

Limitations

One major limitation is the representativeness of our 
patients. BIOSTAT-CHF involved only 11 countries, so most 
of the European countries were not included. More impor-
tantly, only a few centers were included from each country 
and these were mainly tertiary care centers. Germany has 
contributed with only one center. The value of this analysis 
is more in showing how differences in clinical characteristics 
and medical prescriptions can lose their impact on outcomes 
once the treatment is optimized in all the patients. This is 
also a selected cohort of patients randomized in a clinical 
trial.

The subdivision of countries was based on geographi-
cal criteria. However, this may not reflect real differences 
between different areas. For instance, the Mediterranean 
area was slightly penalized as it was represented only by 
two countries (Italy and Greece) with a strong Mediterra-
nean vocation and by France, which has many social and 
economic aspects more closely related to the European 
Central countries. Differences in the health care systems, 
delivery of care and incomes are present between different 
geographical areas and they were likely the main determi-
nants of our results. However, unfortunately these variables 
were not collected in the BIOSTAT-CHF study. Dietary 
aspects, such as salt content, may also have had a role [26]. 
Furthermore, Serbia is the only country to be classified by 
the World Bank as upper-middle-income economy, whereas 
all the other countries (n = 10) are classified as high-income 
economies [21].

However, all the countries in this study were broadly dis-
tributed across the European territories and well represented 
each macro area. However, some sites have contributed to 
the enrollment of a preponderant portion of patients for their 
respective country, and therefore a “single-center” driven 
effect cannot be excluded (supplementary Table 1).

Conclusion

The BIOSTAT-CHF study showed significant differences 
in clinical features, treatment and prognosis in European 
patients with HF. Patients from the Mediterranean Coun-
tries less often had HF treatments up-titrated; however, 
treatment up-titration benefited patients irrespective of their 
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geographical region and should be part of the “default” clini-
cal practice.
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