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ABSTRACT

INTRODUCTION  Individual comorbidities have been shown to adversely affect prognosis in heart failure
(HF). However, our knowledge of multimorbidity in HF and understanding of its prognostic implications
still remain incomplete.

oBJECTIVES We aimed to analyze the prevalence of multimorbidity in Polish HF patients and to investigate
the quantitative and qualitative impact of comorbidity burden on 12-month outcomes in that population.
PATIENTS AND METHODS e retrospectively analyzed data of 1765 Polish patients with ambulatory or
acute (requiring hospitalization) HF from 2 multicenter observational European Society of Cardiology
registries: the ESC-HF Pilot Survey (2009-2010) and ESC-HF-LT Registry (2011-2013).

RESULTS  Arterial hypertension and coronary artery disease were the most prevalent comorbidities, similarly
to the entire European cohort. The great majority of HF patients had more than 1 predefined comorbidity
and the most frequent number of comorbidities was 3. Importantly, in almost half of the patients, 4 or more
comorbidities were reported. The best accuracy for predicting the adjusted 12-month rate of all-cause death
was ensured by the model including only anemia and kidney dysfunction. The model including 4 comor-
bidities—anemia, kidney dysfunction, diabetes, and coronary artery disease—provided best accuracy for
predicting 12-month rate of composite all-cause death or HF hospitalization.

concLusions  Multimorbidity is highly prevalent in a real-world cohort of Polish HF patients and
the quantitative burden of comorbidities is related to increased mortality. In such patients, the clinical
profile characterized by pathophysiological continuum of diabetes, kidney dysfunction, and anemia is
particularly associated with unfavorable outcomes.

INTRODUCTION  The prevalence of heart fail-
ure (HF) is approximately 1% to 2% of the adult
population in developed countries, which trans-
lates into millions of Europeans with this ep-
idemic condition.! In spite of the continuous

progress in diagnostics and therapeutic proce-
dures that has been observed over the past de-
cades in this field, life expectancy in HF patients
still remains markedly reduced.? Beyond doubt,
data coming from randomized clinical trials are
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WHAT'S NEW?

Individual comorbidities analyzed separately have been shown to affect symp-
tomatology and outcomes in heart failure (HF) patients. However, we still do
not know enough about multimorbidity in HF and its prognostic implications.
In this study, we retrospectively analyzed data of 1765 Polish patients with
stable ambulatory or acute (requiring hospitalization) HF from 2 multicenter
observational European registries. In the study group, arterial hypertension
and coronary artery disease were the most prevalent comorbidities, similarly
to the entire European cohort. The great majority of HF patients had at least
2 predefined comorbidities and the most frequent number of comorbidities
was 3. Importantly, in almost half of the patients, 4 or more concomitant
comorbidities were reported. Advanced statistical modeling revealed that
the most important predictors of unfavorable outcome in this cohort were
diabetes, kidney dysfunction, anemia, and coronary artery disease.

crucial for the improvement of HF care and ther-
apy. However, due to multiple complex inclu-
sion and exclusion criteria (eg, patients with
severe renal dysfunction are frequently exclud-
ed from drug trials), they do not entirely repre-
sent a real-world HF population. Thus, the Eu-
ropean Society of Cardiology (ESC) designed
and conducted the Heart Failure Pilot Survey
(ESC-HF Pilot) and the subsequent Heart Fail-
ure Long-Term Registry (ESC-HF-LT) to assess
the epidemiology, clinical profile, routine diag-
nostic and therapeutic procedures as well as to
improve the prognostication in a real-world co-
hort of European HF patients.>*

Numerous previous studies have analyzed ep-
idemiological, sociodemographic, and economic
impacts of HF and a consistent conclusion they
deliver is that HF is frequently accompanied by
several other comorbidities that not only can ac-
celerate the development of the disease but also
affect its clinical course.®® The interference of co-
morbidities starts at the very beginning, as they
may impede the diagnosis of HF (eg, dyspnea can
be the result of a pulmonary disease).”® Further,
in diagnosed HE, concomitant diseases can ex-
acerbate its symptomatology, worsen the qual-
ity of life, and contribute to increased hospital-
ization rates and mortality.® Moreover, particu-
lar comorbidities may limit the applicability of
key evidence-based therapies for HF by generat-
ing contraindications to certain groups of drugs
or constituting exclusion criteria in clinical trials,
consequently restricting the access to emerging
therapies.'""" Finally, some concomitant disorders
imply the use of additional drugs that can either
directly worsen HF (eg, cardiotoxic chemothera-
py) or interact with HF pharmacotherapy, lower-
ing its effectiveness or aggravating side effects.®

There is evidence that even a single comorbidi-
ty can negatively affect outcomes in HE.'*"% How-
ever, knowledge of multimorbidity in HF as well
as of the complex interplay among particular co-
morbidities in predicting the outcome in such pa-
tients is still incomplete.'” In the considerably ag-
ing Polish society, the number of patients with HF
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is growing; however, detailed data on prevalence
of multimorbidity and its prognostic impacts in
this population are still lacking.®

In this study we aimed to: 1) assess the prev-
alence of multimorbidity in Polish HF patients;
2) investigate the impact of multimorbidity on
12-month prognosis in HF; and 3) establish which
comorbidities are the most significant for such
prognostication.

PATIENTS AND METHODS Study group We ret-
rospectively analyzed data from 2 multicenter
prospective observational survey programs
of the ESC: ESC-HF Pilot and ESC-HF-LT.**
The ESC-HF Pilot was conducted from Octo-
ber 2009 to May 2010 in 136 European cardiol-
ogy centers (29 centers from Poland), whereas
the ESC-HE-LT was carried out from May 2011
to April 2013 in 211 European and/ or Mediter-
ranean cardiology centers (35 centers from Po-
land). The surveys enrolled patients who were
older than 18 years of age, provided written in-
formed consent, and met the diagnostic crite-
ria for HF (outpatients with stable HF or inpa-
tients hospitalized for acute HF). The diagno-
sis of HF was established according to the typ-
ical clinical signs and symptoms as well as bio-
chemical findings (increased levels of N-terminal
pro-B-type natriuretic peptide [>125 pg/ml] or
brain natriuretic peptide [235 pg/ml]) and, op-
tionally, echocardiographic features of left ven-
tricular dysfunction. National ethics commit-
tees approved the aforementioned registry pro-
grams in particular countries. The enrollment
was conducted on 1 specific day of the week for
12 consecutive months by each of the partici-
pating centers.

The following analyses included Polish patients
from the ESC-HF Pilot'® and the ESC-HF-LT. Pa-
tients whose data on comorbidities were miss-
ing or who were lost to follow-up were excluded.

Clinical data An entry questionnaire, including
a clinical and demographic profile, medical his-
tory, biochemical parameters, and current treat-
ment, was completed for each patient with HE.
For the purposes of the current study, we ana-
lyzed the following variables:

+ demographics: sex, age;

+ HF characteristics: etiology (ischemic vs non-
ischemic), New York Heart Association (NYHA)
class, and hospitalization status at enrollment
(outpatients seen at the clinic vs inpatients with
acute HF);

- comorbidities: anemia, atrial fibrillation, cor-
onary artery disease (CAD), cancer, chronic ob-
structive pulmonary disease (COPD), depression,
diabetes, hyper- or hypokalemia, arterial hyper-
tension, kidney dysfunction, and previous stroke
and/or transient ischemic attack.

Anemia was defined according to the World
Health Organization criteria as hemoglobin lev-
els of less than 12 g/dl in women and less than
13 g/dlin men."® Kidney dysfunction was defined



as an estimated glomerular filtration rate (eGFR)
of less than 60 ml/min/1.73 m?.

During 12-month follow-up, data on all-cause
deaths and HF hospitalizations were collected.
At 12 months, the follow-up visit in the hospi-
tal or an outpatient clinic was conducted or, if
not possible, a structured telephone interview
was initiated to replace it. The study end points
were: 1) all-cause death and 2) composite of all-
-cause death or hospitalization for HE.

Statistical analyses ~Categorical variables (sex, HF
etiology, NYHA class, and hospitalization status
at enrollment) were expressed as numbers (per-
centages) and the intergroup differences were
tested using the x? test. Continuous variables
were expressed as a mean (SD), and the inter-
group differences were tested using the analysis
of variance (ANOVA). All analyzed comorbidities
(anemia, atrial fibrillation, CAD, cancer, COPD,
depression, diabetes, hyper- or hypokalemia, hy-
pertension, kidney dysfunction, and stroke/ tran-
sient ischemic attack) were presented as dichoto-
mous variables and were expressed as the number
(percentage) of patients. Based on the sum of co-
morbidities in each HF patient, the score statis-
tic SCORE, was developed. SCORE, took the val-
ues from O to 6, where 1 denoted that a given pa-
tient had 1 comorbidity, 2 denoted 2 comorbidi-
ties and so on, and 6 denoted that a given patient
had 6 or more comorbidities.

Univariable and multivariable Cox propor-
tional hazard regression models were construct-
ed to calculate the predictive value of particu-
lar comorbidities and the SCORE, statistic for
the all-cause death and the composite of all-
-cause death or HF hospitalization (both end
points during the 12-month follow-up). Multi-
variable models were adjusted for age, sex, HF
etiology, NYHA class, and hospitalization sta-
tus at enrollment (inpatients vs outpatients =
acute vs stable HF). For both univariable and
multivariable models, hazard ratios with corre-
sponding ¥? and P values were estimated for all
variables incorporated into the model. The as-
sumption of the proportional hazard was test-
ed for each derived model.

Subsequently, score statistics SCORE, and
SCORE, were created as the scores with the best
accuracy for predicting 12-month rate of all-
-cause death (SCORE,) and 12-month rate of all-
-cause death or hospitalization for HF (SCORE,).
The fraction of false negatives for a given end
point (event) was considered the measure of accu-
racy (the lower the proportion of false negatives,
the greater the accuracy). To test which comorbid-
ities were the most significant in the score statis-
tics, we performed the following cross-validation
leave-1-out procedure: 1) we trained the Cox pro-
portional hazard regression model with comor-
bidity statistically significant in the previous Cox
analyses adjusted for age, sex, primary etiology,
NYHA class group, and hospitalization at enroll-
ment; 2) we predicted hazard for each patient in

the test data set; 3) we estimated (using receiver
operating characteristic curves) the optimal cut-
off point for hazard specifying whether a patient
died or was hospitalized for HF; 4) we calculated
the average of the optimal cutoff point over all
the iterations of the cross-validation procedure;
and 5) we checked the proportion of false nega-
tives for a given comorbidity and the optimal cut-
off point. We repeated this procedure for differ-
ent sets of comorbidities presented in the model.
Then, we calculated the fraction of false-negative
events and compared it with the fraction of false-
-negative events for the Cox proportional haz-
ard model with and without original score statis-
tics. The scores (SCORE, and SCORE,) built from
the comorbidities which had the lowest fraction of
false negatives were chosen as the optimal score
statistics for predicting all-cause death (SCORE,)
and the composite of all-cause death or hospital-
ization for HF (SCORE,) during 12-month follow-
-up. Both SCORE, and SCORE,; statistics were fur-
ther included in univariable and multivariable Cox
proportional hazard regression models. SCORE,,
SCORE,, and SCORE, statistics were included in
the Cox models (and tested for significance) as
a discrete (not continuous) variable. We analyzed
the presence of up to 6, 2, and 4 comorbidities
with the reference point equal to 0 comorbidities
for SCORE,, SCORE,, and SCORE,, respectively.

All statistical analyses were performed using R
software, version 3.5.1 (The R Foundation, Vien-
na, Austria). A P value of less than 0.05 was con-
sidered statistically significant.

RESULTS Study group Out of more than
2000 patients enrolled in the ESC-HF Pilot and
the ESC-HE-LT in the Polish centers—after ex-
cluding those with missing data on comorbid-
ities and/ or 1-year follow-up—the final study
group for the following analyses included 1765
patients. In comparison to the whole Europe-
an HF population enrolled in the ESC-HF Pilot
and ESC-HF-LT registries, Polish patients from
our subanalysis were older, more frequently in-
patients, and more frequently had HF of non-
ischemic etiology, whereas sex distribution was
similar.

Comorbidities in patients with heart failure Base-
line clinical characteristics of examined patients
with HF according to derived prognostic scores
based on the prevalence of particular predefined
comorbidities are presented in TABLE 1. Arterial
hypertension and CAD were the most prevalent
comorbidities in the cohort of Polish HF patients
(each one was present in over a half of the pop-
ulation). From one-third to half of the study pa-
tients had atrial fibrillation, diabetes, kidney dys-
function, or anemia (FIGURE 1). The great majority
of HF patients had more than a single predefined
comorbidity (FIGURE 2) and the most frequent
number of comorbidities was 3. In almost half
of the patients, 4 or more coexisting comorbidi-
ties were found. “Isolated HF” (an unaccompanied
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Baseline clinical characteristics of patients with heart failure split into categories of derived prognostic scores based on comorbidity burden

TABLE 1
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ANOVA or x?

No. of comorbidities

1765 (100)

546 370 111
(6)
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9
71

(3)

50

Patients

(21)

74

(31)

(27)
70
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(15)
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(19)

(37)
7

n

(44)
62

(14)

(23  (21)
72 75
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(20)
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(10)
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68 (13)
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<0.001

<0.001
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(8)
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(12)
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(13)  (13) (m an 10 (8)

(13)
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1197 (68)
1372 (78)
712 (40)
556 (32)

<0.001
<0.001
0.152

<0.001

225 68
(61)  (61)
322 103
(87)  (93)
205 73

(55)  (66)
144 40

(39)  (36)

371
(68)
440
(81)
264
(48)
175
(32)

336
(70)
345
(72)
162
(34)
140
(29)

197
(76)
162
(63)
8(3)
57
(22)

<0.001
<0.001
<0.001
<0.001

205
(61)
310
(92)

46
(43)

29
(38)

391
(60)
535
(82)
272
(42)
221
(35)

(38)
200

(77)
527
(68)
294

<0.001
<0.001
<0.001
<0.001

101
(60)
142
(85)
87

(52)
63

(38)

204 147
(66) (58)
301 221
(54)  (88)
163 127
(44)  (50)
140 79

(38) (31)

280
(69)
324
(80)
178
(44)
120
(30)

258
(74)
240
(69)
122
(35)
101
(29)

126
(73)
17
(68)

31
(18)
45

(82)
21

(54)
4(8)

(16)

8
(26)
SCORE, reflects the number of comorbidities among a predefined group (coronary artery disease, atrial fibrillation, arterial hypertension, previous stroke or/and transient ischemic attack, diabetes, kidney dysfunction, anemia,

chronic obstructive pulmonary disease, depression, hyper- or hypokalemia, cancer), but category 6 includes subjects with >6 comorbidities.

Male sex

Hospitalized patients
Ischemic etiology of HF
NYHA class -1V

¢ SCORE, reflects the number of comorbidities out of preselected 4 (anemia, kidney dysfunction, diabetes, coronary artery disease), derived as the score of the best accuracy for predicting 12-month rate of all-cause death or

b SCORE, reflects the number of comorbidities out of preselected 2 (anemia, kidney dysfunction), derived as the score of the best accuracy for predicting 12-month rate of all-cause death.
hospitalization for heart failure.

Abbreviations: ANOVA, analysis of variance; HF, heart failure; No, number; NYHA, New York Heart Association

(26)
Data are presented as number (percentage) of patients unless otherwise stated.

a
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diagnosis of HF) was 3-fold less prevalent than
a diagnosis of at least 6 comorbidities.

Survival analyses From all comorbidities, after
the adjustment for age, sex, HF etiology, NYHA
class, and baseline hospitalization (for acute HF),
the significant prognostic factors for increased
12-month all-cause mortality were kidney dys-
function, anemia, and depression (TABLE 2). In
univariable analyses, older age, inpatient status,
more severe HF symptoms, atrial fibrillation, kid-
ney dysfunction, anemia, COPD, and depression
were related to increased 12-month all-cause mor-
tality (1aBLE 3). Older age, hospitalization at en-
rollment, NYHA class III to IV, CAD, diabetes,
kidney dysfunction, and anemia were all relat-
ed to increased 12-month risk of all-cause death
or hospitalization for HF (7aBLE 4). The adjusted
12-month risk of all-cause death or hospitaliza-
tion for HF was greater in patients with CAD, di-
abetes, kidney dysfunction, and anemia (TABLE 3).

SCORE models  The SCORE, model, which reflect-
ed the comorbidity burden (the number of comor-
bidities in a single patient), was a significant prog-
nostic factor for increased 12-month risk of all-
-cause death and composite of all-cause death or
hospitalization for HF (in both univariable and
multivariable analyses). However, the best accura-
cy for predicting 12-month rate of all-cause death
was ensured by the SCORE, model, comprising
only anemia and kidney dysfunction (SCORE,
indicates the number of comorbidities out of
these 2), while the best accuracy for predicting
12-month rate of composite all-cause death or
HF hospitalization was provided by the SCORE,
model, including the following 4 comorbidities:
anemia, kidney dysfunction, diabetes, and CAD
(SCORE, indicated the number of comorbidities
out of these 4).

For the end point of all-cause death, the cross-
-validation leave-1-out procedure allowed to re-
duce the fraction of false negatives from 38% in
the model without any score variable, through
22% in the SCORE, model, to 20% in the SCORE,
model which included only anemia and kidney
dysfunction. For the composite of all-cause death
or hospitalization for HF, the cross-validation pro-
cedure allowed to reduce the fraction of false neg-
atives from 53% in the model without the score
variable, through 47% in the SCORE, model, to
23% in the SCORE, model including anemia, kid-
ney dysfunction, diabetes, and CAD.

DISCUSSION In the current study, we system-
atically analyzed the prevalence and distribu-
tion of different comorbidities in a Polish cohort
of HF patients, and we highlighted the issue of
multimorbidity in this population. Our results
confirm previous reports that arterial hyperten-
sion, CAD, and atrial fibrillation are the most
prevalent cardiovascular comorbidities compli-
cating HF, whereas the most prevalent noncar-
diovascular comorbidities were diabetes, kidney
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dysfunction, and anemia, which is consistent with
other cohorts of patients with this primary diag-
nosis.’121718.20-22 Additionally, in the developed
prognostic models, we demonstrated that out of
the broad spectrum of concomitant conditions,
selected entities are associated with particularly
worse outcomes in patients with HE.
Multimorbidity in elderly patients indisput-
ably results in diverse diagnostic and therapeu-
tic problems, and the complexity of optimal care
increases with the number of concomitant chron-
ic diseases in a single patient.?® According to our
analyses, as much as two-thirds of Polish patients

with HF have 3 or more comorbidities. Compar-
ing with other studies, the occurrence of multi-
morbidity was less common among patients with
chronic HF from the ESC-HF Pilot, but more prev-
alent in 3 large American studies presenting such
data.??"2* Of note, there is an evident bidirection-
al relationship between HF and concomitant clin-
ical entities: an exacerbation of comorbidities can
result in HE, and on the other hand, HF can accel-
erate/aggravate several other conditions in a mul-
tifaceted way.® The prevalence of different comor-
bidities has been previously demonstrated to be
significantly higher in HF patients compared with
age-matched non-HF individuals, which may be
explained by several mechanisms. Firstly, arteri-
al hypertension and CAD are major causes of HF
in developed countries which results in obvious-
ly higher prevalence of these conditions in those
with HF as compared with the non-HF popula-
tion. Secondly, HF is accompanied by neurohor-
monal activation and affects neural and hormonal
balance within the body, which can lead to a dys-
function of other peripheral organs.?* Moreover,
standard HF pharmacotherapies may negatively
affect the functioning of other organs—for ex-
ample, combined renin-angiotensin-aldosterone
blockade may decrease renal function in some pa-
tients.'? Our study brings together multiple co-
morbidities in a broad spectrum of patients with
HE. We have demonstrated that most patients
have at least one comorbidity, and the number of
comorbidities increases with the severity of HF.
Among noncardiac comorbidities, diabetes, kid-
ney dysfunction and anemia, which are, in fact,
a pathogenetic continuum, had the highest prev-
alence among the study patients.

Although the number of comorbidities cor-
relates with worse prognosis (quantitative ef-
fect), poor outcome in Polish HF patients is also
qualitatively related to the type of concomitant
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TABLE 2 Prevalence of comorbidities in patients with heart failure and their impact on the 12-month risk of all-cause
death and the 12-month risk of all-cause death or hospitalization for heart failure (adjusted models)

Patients,
n (%)

Comorbidity

Model including 1
comorbidity for 12-month
risk of all-cause death

HR (95% Cl)

Model including 1 comorbidity for
12-month risk of all-cause death
or hospitalization due to HF

P value HR (95% Cl) P value

CAD 1033 (59) 1.35(0.93-1.97) 0.1 1.36 (1.06-1.73) 0.01
Atrial fibrillation 800 (45) 1.24 (0.92-1.69) 0.16 1.18 (0.97-1.43) 0.10
Hypertension 1158 (66)  0.94 (0.67-1.32) 0.74 0.85 (0.69-1.05) 0.13
Stroke or/and TIA 201 (11) 0.76 (0.46-1.25) 0.28 1.10 (0.82-1.46) 0.53
Diabetes 767 (43) 1.13(0.84-1.52) 0.43 1.30(1.08-1.56) 0.006
Kidney dysfunction 745 (42) 1.78 (1.24-2.54)  0.002 1.32 (1.06-1.65) 0.01
Anemia 581 (33) 1.37(1.01-1.86)  0.04 1.33 (1.10-1.62) 0.004
COPD 252 (14) 1.30(0.89-1.89) 0.18 1.13 (0.88-1.46) 0.33
Depression 72 (4) 1.89(1.09-3.28) 0.02 1.21 (0.80-1.82) 0.38

Hyper- or hypokalemia 213 (12)

62 (4)

1.08 (0.69-1.69) 0.74
1.45(0.74-2.85) 0.28

0.98 (0.73-1.33) 0.91
1.00 (0.61-1.65) 0.99

Cancer

Abbreviations: HR, hazard ratio; others, see TABLE 1 and FIGURE 1

disorders. The model with the best accuracy for
predicting increased 12-month rate of all-cause
death included only 2 comorbidities: anemia and
kidney dysfunction. The complex interplay be-
tween these 2 conditions in the so-called cardio-
-renal-anemia-iron deficiency axis needs to be
acknowledged.?® Moreover, these clinical enti-
ties are related to the accumulation of other fac-
tors which are also relevant predictors of unfa-
vorable outcomes in HF (eg, malnutrition, frailty,
and greater overall noncardiovascular comorbidi-
ty burden).?*2® On the other hand, some authors
consider anemia in this clinical setting rather as
an expression of other medical problems than
an individual clinical entity.?”-?¢ Similarly, kidney
dysfunction is associated with a higher burden of
causative comorbidities, especially diabetes and
arterial hypertension, which are the leading fac-
tors promoting the decline in renal sufficiency
in the elderly."® It is worth noting that renal dys-
function also upregulates the renin-angiotensin-
-aldosterone system, worsening left ventricular
hypertrophy, and myocyte contractility, and final-
ly, resulting in the progression of HE. Additional-
ly, in patients with renal insufficiency, there are
excessive circulating proinflammatory mediators,
hampered erythropoiesis within the bone mar-
row, and consequent progression of anemia.?®-3"
In the current study, the model with the best ac-
curacy for predicting 12-month rate of all-cause
death or hospitalization for HF included, except
for anemia and kidney failure, diabetes, and CAD.
Our data once again highlight diabetes as one of
the leading disorders aggravating the natural his-
tory of HE, in the course of which HF hospitaliza-
tion is an important adverse event (and beyond
doubt, also a crucial therapeutic target). Indeed,
numerous epidemiological studies have demon-
strated evident relationships between disturbed
glucose metabolism and either greater preva-
lence of HF or worse outcomes in the course of
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the disease.?'"*? It is also worth noting that dia-
betic kidney disease is the leading form of renal
insufficiency in developed countries.®*

Different stages of the pathophysiological car-
diorenal continuum (from abnormal glucose me-
tabolism to an overt HF with frequent rehos-
pitalizations) are becoming an emerging target
of modern HF pharmacotherapy with sodium-
-glucose cotransporter 2 (SGLT2) inhibitors.**
Still not completely understood, beneficial car-
diovascular and renal effects of SGLT2 inhibi-
tors (evidently outweighing improved glucose
metabolism) have been demonstrated in large
clinical trials involving different groups of pa-
tients either with major risk factors for or with
already established cardiovascular disease.?5-3%
SGLT?2 inhibitors not only improve “hard” clini-
cal outcomes in diagnosed renal and cardiac in-
sufficiency irrespective of concomitant diabetes,
but more importantly, there is evidence that they
can prevent both end-stage chronic kidney dys-
function and HE.39-41

Conclusions We demonstrated that multi-
morbidity is highly prevalent in a real-world co-
hort of Polish HF patients and the quantitative
burden of comorbidities is related to increased
mortality. In such patients, the clinical profile in-
volving pathophysiological continuum of diabe-
tes, kidney dysfunction, and anemia was partic-
ularly related to unfavorable outcomes.
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TABLE 3  Cox proportional hazard risk models including comorbidity scores for 12-month risk of all-cause death in patients with heart failure

Multivariable model
with SCORE,?

HR (95% Cl) P value

Variable Units of risk Univariable models Multivariable model

factors with SCORE,?

HR (95% ClI) P value HR (95% ClI) P value

Clinical variables

Age 1 year 1.03 (1.02-1.05) <0.001 1.02 (1.00-1.03)  0.01 1.02 (1.00-1.03) 0.007
Sex Men vs 0.88 (0.67-1.16) 0.37 1.24(0.89-1.72)  0.20 1.25(0.90-1.74) 0.18
women
Hospitalized patients Yes vs no 3.45(2.13-5.59) <0.001 2.26 (1.37-3.70) 0.001 2.15(1.30-3.53) 0.002
Ischemic etiology of HF Yes vs no 0.92 (0.70-1.21) 0.56 0.87 (0.64-1.18) 0.37 0.95(0.70-1.29) 0.76
NYHA class M-IV vs -l 1.99 (1.50-2.65) <0.001 1.99(1.48-2.67)  <0.001 1.91(1.42-2.57) <0.001
Comorbidities
CAD Yes vs no 1.24 (0.94-1.63) 0.13 - - - -
Atrial fibrillation Yes vs no 1.42 (1.09-1.85) 0.01 - - - -
Arterial hypertension Yes vs no 1.20 (0.90-1.60) 0.21 - - - -
Previous stroke and/or TIA Yes vs no 0.82 (0.52-1.28) 0.38 - - - -
Diabetes Yes vs no 1.16 (0.89-1.51) 0.27 - - - -
Kidney dysfunction Yes vs no 2.51(1.91-3.30) <0.001 - - - -
Anemia Yes vs no 2.10(1.61-2.74) <0.001 - - - -
CoPD Yes vs no 1.44 (1.03-2.01) 0.03 - - - -
Depression Yes vs no 2.21 (1.37-3.58) <0.001 - - - -
Hyper- or hypokalemia Yes vs no 1.42 (0.99-2.04) 0.06 - - - -
Cancer Yes vs no 1.73 (0.99-3.03) 0.05 - - - -
Scores
SCORE,? 1vs0 1.00 (0.21-4.80) <0.001 0.81(0.17-3.92)  0.03 - -
2vs0 2.05 (0.49-8.59) 1.20 (0.28-5.16) - -
3vs0 2.87 (0.70-11.82) 1.33(0.31-5.69) - -
4vs0 3.81(0.93-15.63) 1.81(0.42-7.71) - -
5vs0 5.57 (1.36-22.90) 2.50 (0.58-10.83) - -
6vs0 5.90 (1.42-24.52) 2.32 (0.52-10.25) - -
SCORE,® Tvs0 2.29 (1.63-3.23) <0.001 - - 1.66 (1.12-2.46)  0.003
2vs0 3.91 (2.75-5.57) - - 2.14 (1.37-3.34)
P value of the multivariable - - - - <0.001 - <0.001
model

a  SCORE, reflects the number of comorbidities among a predefined group (coronary artery disease, atrial fibrillation, arterial hypertension, previous
stroke or/and transient ischemic attack, diabetes, kidney dysfunction, anemia, chronic obstructive pulmonary disease, depression, hyper- or
hypokalemia, cancer), but category 6 includes patients with >6 comorbidities.

b SCORE, reflects the number of comorbidities out of preselected 2 (anemia, kidney dysfunction), derived as the score of the best accuracy for
predicting 12-month rate of all-cause death.

Abbreviations: see TABLES 1 and 2 and FIGURE 1
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TABLE 4  Cox proportional hazard risk models including comorbidity scores for 12-month risk of all-cause death or hospitalization for heart failure in

patients with heart failure

\ELEL

Clinical variables

Units of risk

factors

Univariable models

HR (95% Cl)

P value

Multivariable model
with SCORE,?

HR (95% Cl)

P value HR (95% Cl)

Multivariable model
with SCORE,

P value

Age 1 year 1.01 (1.00-1.02) 0.007 1.00(0.99-1.00) 0.34 0.99(0.99-1.00)  0.19
Sex Men vs 0.91 (0.75-1.10) 0.33 0.96 (0.78-1.18)  0.71 0.96 (0.78-1.18)  0.70
women
Hospitalized patients Yes vs no 2.29 (1.77-2.96) <0.001 2.05 (1.58-2.67) <0.001 1.95 (1.50-2.54) <0.001
Ischemic etiology of HF Yes vs no 1.12 (0.93-1.34) 0.23 1.02 (0.84-1.24)  0.87 0.92 (0.75-1.13) 0.44
NYHA class -V vs -1 1.88 (1.56-2.26) <0.001 1.83(1.52-2.21)  <0.001 1.81(1.50-2.18) <0.001
Comorbidities
CAD Yes vs no 1.32 (1.10-1.59) 0.003 - - - -
Atrial fibrillation Yes vs no 1.18 (0.99-1.41) 0.07 - - - -
Hypertension Yes vs no 0.96 (0.80-1.16) 0.67 - - - -
Previous stroke or/and TIA  Yes vs no 1.09 (0.83-1.42) 0.57 - - - -
Diabetes Yes vs no 1.35(1.13-1.61) 0.001 - - - -
Kidney dysfunction Yes vs no 1.55 (1.29-1.85) <0.001 - - - -
Anemia Yes vs no 1.64 (1.37-1.97) <0.001 - - - -
COPD Yes vs no 1.17 (0.92-1.48) 0.21 - - - -
Depression Yes vs no 1.36 (0.92-2.00) 0.12 - - - -
Hyper- or hypokalemia Yes vs no 1.10 (0.84-1.45) 0.49 - - - -
Cancer Yes vs no 1.07 (0.68-1.69) 0.77 - - - -
Scores
SCORE,? TvsO 0.81 (039-1.68) <0.001 0.72 (0.35-1-48)  <0.001 - -
2vs0 1.42 (0.74-2.73) 1.20 (0.62-2.33) - -
3vs0 1.46 (0.76-2.79) 1.10 (0.56-2.16) - -
4vs0 1.48 (0.77-2.85) 1.12 (0.57-2.22) - -
5vs0 214 (1.11-4.12) 1.64 (0.82-3.29) - -
6vs0 2.66 (1.36-5.16) 1.89 (0.93-3.85) - -
SCORE,? TvsO 1.52 (1.07-2.17) <0.001 - - 1.47 (1.02-2.12) <0.001
2vs0 2.04 (1.46-2.86) 1.83 (1.26-2.65)
3vs0 2.27 (1.60-3.22) 1.96 (1.3-2.94)
4vs0 4.01 (2.67-6.00) - - 3.59 (2.24-5.74)
X2 (P value) of - - - - <0.001 - <0.001

the multivariable model

a  SCORE, reflects the number of comorbidities among a predefined group (coronary artery disease, atrial fibrillation, arterial hypertension, previous
stroke or/and transient ischemic attack, diabetes, kidney dysfunction, anemia, chronic obstructive pulmonary disease, depression, hyper- or
hypokalemia, cancer), but category 6 includes patients with >6 comorbidities.

b SCORE, reflects the number of comorbidities out of preselected 4 (anemia, kidney dysfunction, diabetes, coronary artery disease), derived as
the score of the best accuracy for predicting 12-month rate of all-cause death or hospitalization for heart failure.

Abbreviations: see TABLES 1 and 2 and FIGURE 1
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