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Abstract
Background  Heart failure (HF) is a major cause of death among the elderly. Its prevalence increases dramatically with age. 
The prevalence of malnourished subjects is high in hospitalized elderly patients. We aimed to investigate the prognostic 
role of malnutrition, assessed by controlling nutritional status (CONUT) score, on adverse clinical outcomes in the elderly 
admitted for acute HF.
Methods  We enrolled 293 patients (mean age 84 years; 48% men) consecutively admitted for acute HF to the Internal 
Medicine or Geriatrics Divisions at the ‘IRCCS Sacro Cuore-Don Calabria’ Hospital of Negrar (Verona, Italy) from 2013 to 
2015. We predicted the risk of all-cause death, re-hospitalizations for HF and non-HF causes, and the composite of all-cause 
death or hospitalizations over 2-year follow-up. Patients were divided into four groups according to CONUT score: normal-
CONUT (0–1; n = 30); mild-CONUT (2–3; n = 56); moderate-CONUT (4–7; n = 171); and severe-CONUT (≥ 8; n = 36).
Results  Higher CONUT scores were associated with older age and lower entry blood pressures. No difference in hemody-
namics was noted at the discharge. Kaplan–Meier curves showed a significant association between worsening CONUT scores 
and risk of all-cause death (p < 0.01), re-hospitalizations (p < 0.01), or both (p < 0.001). Cox regression analysis revealed 
these significant associations persisted after adjustment for age, sex, pre-existing cardiovascular disease, diabetes, chronic 
kidney disease, heart rate, systolic blood pressure, and plasma brain natriuretic peptide levels at discharge (all-cause mortal-
ity HR = 1.29 (1.00–1.66), p = 0.049; hospitalization for HF HR = 1.36 (1.03–1.81), p = 0.033; hospitalization for non-HF 
HR = 1.38 (1.03–1.86), p = 0.034; composite outcome HR = 1.33 (1.07–1.64), p = 0.01).
Conclusions  Malnutrition, assessed by the CONUT score, is common among elderly patients admitted for acute HF and is 
strongly related to increased long-term risk of all-cause death and re-hospitalizations.
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Introduction

Acute heart failure (HF) is a major and rapidly growing 
condition responsible for several million hospitalizations 
worldwide [1]. HF is also a major cause of death among 
the elderly in many countries [1]. The prevalence of HF 
increases dramatically with age, doubling approximately 
every 10 years in men and every 7 years in women past the 
age of 55 years [2]. Despite recent advances in diagnosis 
and management, average outcomes remain poor. Recent 
data from the ESC-HF pilot study showed that 1-year all-
cause mortality and hospitalization rates for hospitalized HF 
patients were very high (17% and 44%, respectively) [3]. 
Malnutrition is a very common condition among patients 
with HF and may result from a variety of mechanisms, such 

 *	 Davide Agnoletti 
	 davide_agnoletti@hotmail.com

1	 Internal Medicine Department, IRCCS Sacro Cuore-Don 
Calabria Hospital, Negrar, Italy

2	 IRCCS Azienda Ospedaliero-Universitaria Di Bologna, 
Bologna, Italy

3	 Cardiovascular Internal Medicine, Department of Clinical 
and Surgical Sciences, University of Bologna, Via Albertoni 
15, 40138 Bologna, Italy

4	 Geriatrics Department, IRCCS Sacro Cuore-Don Calabria 
Hospital, Negrar, Italy

5	 Division of Cardiology, IRCCS Sacro Cuore-Don Calabria 
Hospital, Negrar, Italy

6	 Section of Endocrinology, Diabetes and Metabolism, 
Department of Medicine, University and Azienda 
Ospedaliera Universitaria Integrata of Verona, Verona, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s11739-023-03230-x&domain=pdf
http://orcid.org/0000-0001-8108-7133


1032	 Internal and Emergency Medicine (2023) 18:1031–1039

1 3

as low nutritional intake due to intestinal edema and ano-
rexia [4], liver dysfunction [5], cytokine-induced hyperca-
tabolism [6], insulin resistance, and other mechanisms [7]. 
Malnutrition is one of the most relevant conditions that may 
adversely affect the health of older people. The prevalence 
of subjects with malnutrition is high among hospitalized 
elderly patients [8]. Some studies suggested that under-
nourishment, assessed by various clinical scores, may also 
affect clinical outcomes in middle-aged and elderly patients 
hospitalized for acute HF [9]. Controlling nutritional status 
(CONUT) score, originally proposed by Mancha et al. [10], 
is a widely used and validated screening tool for assessing 
the risk of malnutrition in hospitalized patients. This score 
considers serum albumin, total cholesterol, and lymphocyte 
count, but not body weight or other anthropometric measure-
ments, which may be affected by congestion in decompen-
sated patients. Recently, the CONUT score has been shown 
to present the most powerful predictive values on the post-
discharge incidence of cardiac events, as compared to other 
widely used scores, and was the only score independently 
associated with post-discharge cardiac events [11]. To the 
best of our knowledge, there are no longitudinal studies that 
have assessed the prognostic role of the CONUT score on 
the long-term risk of all-cause mortality and re-hospitaliza-
tions in very elderly patients admitted for acute HF.

Methods

Study design

This observational prospective study aims to investigate the 
clinical and biological characteristics and the outcomes of 
elderly patients (older than 65 years), consecutively admit-
ted to the Internal Medicine or Geriatrics Divisions at the 
‘IRCCS Sacro Cuore Don Calabria’ Hospital of Negrar 
(Italy) with a diagnosis of acute HF. For the present analysis, 
data of patients enrolled from 2013 to 2015 were retrieved. 
All patients were initially eligible for the study if they had a 
confirmed clinical diagnosis of acute HF (either pre-exist-
ing or de novo congestive HF). In agreement with the 2012 
European Society of Cardiology (ESC) guidelines [12], the 
clinical diagnosis was based on the presence of typical signs 
and symptoms of acute HF (e.g., breathlessness, orthopnea, 
paroxysmal nocturnal dyspnea, acute pulmonary edema, 
jugular venous distension, peripheral edema), increased 
brain natriuretic peptide (BNP) levels, as well as radio-
graphic findings (e.g., pulmonary congestion/edema and 
cardiomegaly). We excluded from the analysis the patients 
who died during hospitalization, as the goal of the study 
was to investigate the long-term (post-discharge) outcomes. 
Patients lost to follow-up were considered as censored.

Outcomes definition

The primary outcome of this study was the post-discharge 
all-cause mortality, and secondary outcomes were re-hos-
pitalizations for either HF or non-HF causes; finally, we 
also analyzed a composite outcome, inclusive of both all-
cause mortality and re-hospitalizations. Except for those 
who died during the first hospital admission, information 
on vital status (alive or deceased) and re-hospitalizations 
after the hospital discharge was determined by follow-up 
up to November 1, 2017 for each patient by phone con-
tacts or contacts with family members or contacting the 
patient's physician. The mean follow-up period of the 
study was 2.1 years (range: 0–4.8 years). Cardiovascular 
disease was defined as the history of at least one of the 
following diagnoses: coronary heart disease, peripheral 
artery disease, and stroke. The date of the clinical events 
was registered. The study complies with the Declaration 
of Helsinki, the ethics committee approved the research 
protocol, and informed consent was obtained from the sub-
jects (or their guardians).

Clinical and laboratory data

Body mass index (BMI) was measured as kilograms 
divided by the square of height in meters. While the patient 
was lying in the bed since at least 10 min, blood pressure 
was measured with a standard aneroid sphygmomanome-
ter. Patients were considered to have hypertension if blood 
pressure was ≥ 140/90 mmHg and/or if they were taking 
any anti-hypertensive agents. Venous blood samples were 
drawn on admission to the emergency department and in 
the morning after an overnight fast before discharge. Cir-
culating levels of serum albumin, lipids, total lymphocyte 
count, creatinine (measured using a Jaffé rate-blanked and 
compensated assay), BNP, and other biochemical blood 
measurements were determined by standard laboratory 
procedures in the central laboratory of the hospital for all 
patients. Glomerular filtration rate (eGFR) was estimated 
by the CKI-EPI equation [13]. We calculated the CONUT 
score based on serum albumin, total cholesterol, and total 
lymphocyte count as proposed by Mancha [10]. According 
to the CONUT score, we divided the population into four 
groups: where malnutrition was absent (score 0–1), mild 
(2–3), moderate (4–7), or severe (8–12). As there is no 
standardized cutoff in literature for this specific aim, we 
arbitrarily chose the cutoff checking the score distribution.

Presence of coronary heart disease (CHD) was defined 
as a documented history of myocardial infarction, angina, 
or coronary revascularization procedures. The presence 
of chronic obstructive pulmonary disease (COPD) was 
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confirmed by reviewing medical records of the hospi-
tal, including diagnostic symptoms patterns, and results 
of lung function tests. The diagnosis of permanent atrial 
fibrillation was made on the basis of standard electrocar-
diograms and medical history (reviewing hospital and 
physician charts from all patients). Chronic kidney dis-
ease (CKD) was defined as the presence of eGFR < 60 ml/
min/1.73m2 [14].

Conventional echocardiography

Conventional transthoracic echocardiography was performed 
by experienced cardiologists (blinded to the patients' clinical 
details) for measuring left ventricular (LV) diameters and wall 
thicknesses according to international standard criteria [15]. 
LV end-diastolic and end-systolic volumes and ejection frac-
tion at rest were measured at the apical four-chamber and two-
chamber views (by modified Simpson rule) [15].

Statistical analysis

Patients were divided into four groups according to the 
CONUT score. Data were presented as mean values and SD 
for normal variables and median and interquartile range (IQR) 
for non-normal variables. Number and percentage were used 
for categorical variables. Missing data were not inferred. Dif-
ferences between the four groups were tested by the one-way 
ANOVA for normal variables and the Kruskal–Wallis test 
for non-normal variables. For categorical variables, the Chi-
squared test was performed. Time-to-event data are presented 
graphically using the Kaplan–Meier curves for each clinical 
outcome (all-cause death, hospitalizations for HF or non-HF 
causes, or both). Log-rank tests were used to compare sur-
vival and hospitalization rates among the groups. Unadjusted 
and adjusted Cox proportional hazard regression models were 
used to determine the risk for clinical outcomes according to 
worsening CONUT scores. These models were adjusted for 
age, sex, pre-existing cardiovascular disease, diabetes, chronic 
kidney disease, heart rate, systolic blood pressure, and plasma 
BNP levels at the hospital discharge. These covariates were 
chosen on the basis of either clinical indication or significant 
univariate association with each clinical outcome. The post 
hoc power for the primary outcome analysis, given n = 293, 
HR = 1.56, event probability = 0.48, was calculated at 75%. 
Statistical analyses were performed with the software R 3.3.1. 
P values < 0.05 were considered statistically significant.

Results

The participant flowchart is shown in Fig. 1. Of the 328 
patients admitted for acute HF during the specified timeline, 
35 were excluded as they died during the in-hospital stay. 

Nineteen patients were excluded as they were lost to follow-
up. The final sample included 293 patients (141 men) and 
was divided into four categories according to the CONUT 
score: 30 subjects in the first category (score 0–1; normal 
nutrition); 56 in the second category (score 2–3; mild mal-
nutrition); 171 in the third category (score 4–7; moderate 
malnutrition); and 36 in the fourth category (score 8–12, 
severe malnutrition). Mean age (± SD) of the whole sample 
was 83.7(7.4) years. Mean (SD) CONUT score was 4.7(2.5); 
207 (70.6%) patients had moderate-to-severe malnutrition 
(i.e. CONUT score ≥ 4).

Table 1 shows the baseline clinical and biochemical char-
acteristics of participants. There was a significant increase 
of age across the four groups, with older subjects among 
those belonging to the worse CONUT score. Patients with 
worse CONUT score also had significantly lower values 
of hemoglobin, triglycerides, and sodium compared with 
those with normal-CONUT score. As expected, they also 
had lower serum albumin, total lymphocyte count, and total 
cholesterol levels than patients in lower CONUT score cat-
egories. No significant differences were found in sex dis-
tribution, adiposity measures (body weight and BMI), and 
serum creatinine levels across the groups. At hospital admis-
sion, patients with lower CONUT score had lower BNP lev-
els than patients with higher CONUT score (min 525[IQR 
329–808], max 748[IQR 427–1282], pg/mL), but this trend 
did not achieve statistical significance (p = 0.09); however, at 
hospital discharge, plasma BNP levels were essentially com-
parable among the groups (ranging from 338[IQR 191–472] 
to 491[IQR 210–1083], pg/mL).

In Table 2, data show a not significant trend toward 
increasing prevalence of both previous HF (from 13 to 

Fig. 1   Participant flowchart
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Table 1   Baseline clinical and biochemical characteristics of patients grouped by the CONUT score

Data are expressed as means ± SD, medians and IQR or percentages. “1” and “2” after the variable name stand for the values measured at hospi-
tal admission and discharge, respectively. BMI stands for body mass index, BNP brain natriuretic peptide, ND not determined
Bold font in p values column stands for statistical significance
* Not normally distributed variables, for which the Kruskal–Wallis test was used

CONUT 0–1
N = 30

CONUT 2–3
N = 56

CONUT 4–7
N = 171

CONUT 8–12
N = 36

P value

Age, years 81.1 (9.47) 81.62 (7.34) 84.8 (6.65) 83.64 (8.28) 0.0076
Male sex, n (%) 14 (46.7) 27 (48.2) 82 (48.0) 18 (50.0) 0.99
Body weight 1, kg 76 (66–88.2) 73 (63–84) 73 (61–85) 69.5 (59–82) 0.38*
Body weight 2, kg 74.5 (64.2–87) 71 (60–79) 68 (57–79) 63.5 (56.2–75.5) 0.07*
BMI, kg/m2 26.7 (24.4–28.9) 26.6 (23.8–29.8) 26.2 (22.6–29.3) 24.7 (20.9–27) 0.13*
Total cholesterol, mmol/L 4.99 (0.83) 4.28 (1.07) 3.45 (0.74) 2.99 (0.93)  < 0.0001
Triglycerides, mmol/L 1.2 (0.9–1.5) 1.1 (0.9–1.5) 1.0 (0.8–1.2) 0.9 (0.7–1.3) 0.0024*
Lymphocyte count, × 109/L 2.15 (0.61) 1.69 (0.65) 1.28 (0.49) 0.91 (0.19)  < 0.0001
Hemoglobin, g/dL 13.39 (1.47) 12.14 (1.88) 11.74 (2.02) 11.84 (2.04) 0.0004
Creatinine, umol/L 87.5 (69.5–119.5) 102.5 (79.5–143.2) 107 (82.5–140) 100 (82.8–132.2) 0.098*
eGFR, mL/min per 1.73m2 60.5 (22.3) 51.5 (22.6) 48.1 (20.3) 53.7 (22.9) 0.0238
Albumin, g/L 37.75 (2.22) 35.27 (2.38) 32.02 (3.15) 27.03 (2.28)  < 0.0001
Sodium 1, mmol/L 136.7 (4.15) 138.18 (3.91) 136.49 (5.17) 134.5 (7.52) 0.0040
Sodium 2, mmol/L 138.5 (3.6) 138.64 (2.82) 138.12 (3.78) 137.03 (4.19) 0.0841
BNP 1, pg/mL 524.5 (329–807.8) 618 (323–1156) 748 (427–1282) 688 (460–1511) 0.0973*
BNP 2, pg/mL 338 (191.2–471.5) 423 (182.2–634) 440 (252–799.5) 491 (210–1083) 0.1772*
CONUT score, AU 0 (0–1) 2 (2–3) 5 (4–6) 9 (8–9) ND

Table 2   Comorbidities and drug 
treatments of patients grouped 
by the CONUT score

*in milligrams, mean (SD)

CONUT 0–1
N = 30

CONUT 2–3
N = 56

CONUT 4–7
N = 171

CONUT 8–12
N = 36

P value

N (%) N (%) N (%) N (%)

Previous heart failure 4 (13.3) 7 (12.5) 41 (24.0) 12 (33.3) 0.06
Coronary heart disease 25 (83.3) 50 (89.3) 155 (90.6) 27 (75.0) 0.06
Atrial fibrillation 16 (53.3) 32 (57.1) 114 (66.7) 18 (50.0) 0.16
Diabetes mellitus 8 (26.7) 20 (35.7) 63 (36.8) 12 (33.3) 0.75
Peripheral artery disease 1 (3.3) 5 (8.9) 16 (9.4) 3 (8.3) 0.75
Chronic kidney disease 14 (46.7) 32 (57.1) 101 (59.1) 20 (55.6) 0.65
Stroke 2 (6.7) 1 (1.8) 4 (2.3) 2 (5.6) 0.45
Cardiovascular disease 6 (20.0) 19 (33.9) 60 (35.1) 17 (47.2) 0.15
Drug treatments at hospi-

tal admission
ASA/clopidogrel 12 (40.0) 21 (37.5) 55 (32.2) 16 (44.4) 0.48
Beta-blockers 15 (50.0) 42 (75.0) 115 (67.3) 24 (66.7) 0.14
ACE inhibitors/sartans 21 (70.0) 31 (55.4) 77 (45.0) 15 (41.7) 0.0450
Anti-aldosterone drugs 13 (43.3) 18 (32.1) 59 (34.5) 14 (38.9) 0.72
Furosemide 30 (100) 56 (100) 166 (97.1) 35 (97.2) 0.47
Furosemide, daily dose* 94 (136) 89 (130) 97 (131) 86 (165) 0.12
Ivabradine 2 (6.7) 1 (1.8) 5 (2.9) 2 (5.6) 0.56
Statins 6 (20.0) 19 (33.9) 41 (24.0) 12 (33.3) 0.30
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33%) and cardiovascular disease (from 20 to 47%) across the 
CONUT score categories. The four groups did not signifi-
cantly differ in terms of pre-existing atrial fibrillation, dia-
betes, CKD, peripheral artery disease, and stroke. Patients 
with lower CONUT score were more likely to be treated 
with ACE inhibitors or sartans (70%) than those with higher 
CONUT score (42%).

In Table 3 (supplemental file), data on hemodynamics 
are shown. There was no difference among the four groups 
concerning LV-ejection fraction. Mean (SD) LV-ejection 
fraction was 46.9% (14.2%), with a range from 10 to 78%. 
Patients with LV-ejection fraction < 30% were 15.2%. Sys-
tolic and diastolic BP values at hospital admission were 
higher in patients with the lowest CONUT score (ranging 
from 137/80 mmHg to 118/68 mmHg, p < 0.001 for trend). 
Patients with the highest CONUT score at hospital admis-
sion tended to have lower pulse pressure and heart rate than 
other patients. At discharge, patients did not show any sig-
nificant difference in the hemodynamic pattern.

Figure 2 shows the Kaplan–Meier curves for the risk of 
2-year clinical outcomes stratified by the CONUT score. For 
global survival, survival free from re-hospitalizations for 
either HF or non-HF causes, and for the composite outcome, 
the CONUT score performed well in discriminating the pop-
ulation at risk. The primary outcome occurred in 142 of 293 
patients (48.5%); the hospitalization outcome occurred in 
103 (35.2%) and 85 (29%) patients considering HF and non-
HF causes, respectively; the composite outcome occurred in 
204 patients (69.6%). The outcome rates per 100 person-year 
were, respectively, 23.35, 16.36, 11.64, and 51.11.

Table 4 shows significant hazard ratios for each of the 
clinical outcomes calculated for each increment in one 
CONUT category, both in the unadjusted and adjusted Cox 
regression models, where the covariates were: age, sex, 
cardiovascular disease, diabetes, chronic kidney disease, 

systolic blood pressure, plasma BNP levels, and heart rate 
at hospital discharge.

Discussion

In a population of very old patients (mean age > 80 years) 
hospitalized for acute HF, we detected four nutrition lev-
els (defined by the CONUT score) able to discriminate 
the 2-year risk of all-cause death and re-hospitalizations, 
independently of the hemodynamic status reached during 
the first hospital admission. In particular, for any incre-
ment of CONUT category, indicating a worse nutrition 
level, we found 30% higher risk of all-cause death, 36% 
and 38% higher risk of re-hospitalization for HF or other 
causes, respectively, and 33% higher risk of the compos-
ite outcome (any of the previous ones) over a period of 
2 years. The first observation is that our population was 
composed mainly of very old patients with a high preva-
lence of moderate-to-severe malnutrition (~ 70% based 
on the CONUT score). Indeed, malnutrition is known to 
be a common condition among patients with HF, mainly 
due to insufficient caloric intake and hypercatabolism. 
Patients with HF developing under-nutrition may enter 
the so-called MIC (malnutrition, inflammation, cachexia) 
vicious circle [6, 9]. Malnutrition is also a highly preva-
lent condition in elderly people, and many studies have 
shown a link between malnutrition and increased mortal-
ity risk in such population [7, 16–26]. The combination 
of HF and malnutrition is, therefore, a bad ‘brother’ for 
elderly patients. The age effect in our analysis appeared 
to be marginal: even if patients with worse CONUT 
score were older, the adjusted analyses did not show any 
role of age in the event risk prediction. At first hospi-
tal admission, patients in the four CONUT groups were 

Table 3   Baseline hemodynamic 
parameters of patients grouped 
by the CONUT score

Data are expressed as means ± SD. “1” and “2” after the variable name stand for the values measured at 
hospital admission and discharge, respectively
Bold font in P values column stands for statistical significance
* Non-normal variables, for which Kruskal–Wallis test was done

CONUT 0–1
N = 30

CONUT 2–3
N = 56

CONUT 4–7
N = 171

CONUT 8–12
N = 36

P value

LV-ejection fraction 45.04 (15.76) 46.44 (16.31) 47.31 (13.51) 47.04 (13.62) 0.90
Systolic blood pressure 1 136.67 (22.18) 139.73 (21.24) 132.02 (24.66) 117.75 (19.98) 0.0001
Diastolic blood pressure 1 80.27 (12.87) 79.12 (13.71) 74.51 (12.6) 68.11 (10.16) 0.0002
Pulse pressure 1 56.4 (17.92) 60.61 (18.13) 57.51 (20.12) 49.64 (15.23) 0.06
Heart rate 1 82 (62.8–93.8) 83 (70–101) 82 (70.5–97.5) 73.5 (65.8–90) 0.26*
Systolic blood pressure 2 119.5 (13.73) 119.73 (15.21) 118.71 (15.69) 115 (17.44) 0.36
Diastolic blood pressure 2 70.17 (8.76) 68.84 (8.69) 67.95 (7.79) 66.39 (8.59) 0.38
Pulse pressure 2 49.33 (12.98) 50.89 (13.59) 50.75 (15.35) 48.61 (13.71) 0.87
Heart rate 2 70.43 (13.48) 73.39 (13.58) 74.67 (13.02) 70.28 (13.42) 0.17
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comparable for sex distribution, the prevalence of pre-
vious cardiovascular events, and many pharmacological 
treatments. At discharge, patients had similar hemody-
namic and laboratory characteristics, with lower body 
weight, higher serum sodium, lower plasma BNP, and 
lower blood pressure compared with values seen at hos-
pital admission. This could be likely due to treatment 

success and homogeneous care of the acute HF by physi-
cians. The survival analysis showed that 2-year rates of 
all-cause death and re-hospitalizations were well discrim-
inated by the CONUT score. Indeed, our analysis revealed 
a significant and graded relationship between the wors-
ening of the nutritional state and the worsening of the 
prognosis, no matter of the outcome, and independently 

Fig. 2   Kaplan–Meier (KM) curves for 2-year survival rates [A]; sur-
vival free from 2-year risk of re-hospitalizations for heart failure (HF) 
[B]; survival free from 2-year risk of re-hospitalizations for non-HF 

causes [C]; and survival free from the composite outcome [D], by 
CONUT score category

Table 4   Cox regression models. Association between increasing CONUT scores and 2-year risk of adverse clinical outcomes

HF stands for heart failure
* Adjusted for age, sex, cardiovascular disease, diabetes, chronic kidney disease, systolic blood pressure at discharge, plasma BNP levels at dis-
charge, heart rate at discharge
The hazard ratios are calculated for each increment of the CONUT category (i.e. “0–1”; “2–3”; “4–7″;” ≥ 8″)
Composite outcome was defined as all-cause death + re-hospitalizations for either HF or non-HF causes
Bold font in P values column stands for statistical significance

Outcome Unadjusted Adjusted*

Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

All-cause mortality 1.56 (1.24–1.95)  < 0.001 1.29 (1.00–1.66) 0.049
Hospitalization for HF 1.39 (1.07–1.80)  < 0.001 1.36 (1.03–1.81) 0.033
Hospitalization for non-HF causes 1.47 (1.10–1.96)  < 0.001 1.38 (1.03–1.86) 0.034
Composite outcome 1.44 (1.19–1.73)  < 0.001 1.33 (1.07–1.64) 0.01
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of main potential confounders. Of note,  Fig. 2B shows 
a log rank at the significance limits. This is likely due to 
an outlier, Mr. F. (85 years old), who did not present any 
acute HF after the discharge, during the follow-up period, 
while presenting a CONUT score of 12. Excluding the 
outlier from the analysis, the p value becomes significant 
(p = 0.037, data not shown).

In literature, the relationship between the nutritional 
state and prognosis has been investigated in some studies 
of patients with HF. In patients admitted to the inten-
sive care unit for severe HF, Shirakabe et al. showed that 
malnutrition indexes were independent predictors of all-
cause mortality after a 1-year follow-up [24]. Of note, 
these patients were in more severe clinical conditions and 
younger (median age 76yrs) than patients in our study. 
Our results are in line with data from the literature, par-
ticularly the studies by Sze et al. [25] in more than 3000 
patients aged 75 years (median, 67–81 IQR), by Iwakami 
[18], and by Yoshihisa [26] in even younger patients 
(mean age 66.5 years). The study by Bermejo et al. inves-
tigated the prognostic role of the CONUT score on mor-
tality and hospitalization [16]. In 145 patients (mean age 
70yrs) admitted for HF, they found that the CONUT score 
predicted HF and non-HF hospitalization, but not overall 
mortality. A recent paper investigated the factors linked 
to mortality in 164 elderly patients (mean age 82.9ys) 
hospitalized for acute heart failure. They considered only 
standard biological assessment and found that lower BMI 
and hypoalbuminemia were correlated to a higher mortal-
ity risk [27].

Our study examined almost 300 elderly patients admit-
ted for acute HF and found that the CONUT score, a com-
prehensive index of nutritional status, was able to dis-
criminate the 2-year risk of all-cause mortality, as well 
as re-hospitalizations, or both. These results support the 
hypothesis that the CONUT score is a simple and robust 
method to track down the patients at higher risk of events 
even after 80 years, independently of common clinical 
risk factors. Interestingly, both HF and non-HF hospital 
readmissions were also strongly predicted by the CONUT 
score. This is in line with the notion that frail elderly 
patients easily enter the MIC vicious circle and are not 
only concerned by cardiovascular disease itself, but also 
by metabolic, inflammatory, and disability complications.

Our results confirm and enhance the data from Hamada 
et al. on 67 elderly admitted for HF [17]. Indeed, these 
authors found that patients with CONUT score ≥ 5 were 
more likely to have cardiac events, namely death or HF 
re-hospitalization during the follow-up. Interestingly, our 
data further highlight a progressive increase in the risk of 
cardiac and non-cardiac events among all the nutritional 
classes assessed by the CONUT score.

Limitations

Our study has some important limitations that should be 
mentioned. Firstly, even if the clinical outcomes were pro-
spectively collected, the analysis was made retrospectively 
using the patients’ files. Secondly, we could not obtain other 
indirect estimations of the nutritional state due to insufficient 
patients’ information. Thirdly, the CONUT score is only an 
estimate of the nutritional status, and is likewise influenced 
by the actual volume charge of the patients; the interpreta-
tion of the results should be therefore cautious. Finally, our 
cohort data were from almost 10 years ago, and HF defi-
nition and treatment relied on old guidelines. Fortunately, 
newer guidelines have definitively changed the treatment of 
HF patients with the introduction of new drug classes with 
important effect on mortality and HF re-hospitalization. 
Therefore, the conclusion of our study may not apply any-
more to contemporary HF populations. However, consider-
ing that both patients with high and low CONUT score will 
now undergo this modern approach, it is easy to suppose that 
the outcome prediction will not change. Anyway, to solve 
this issue, we plan in the near future to implement a new 
analysis on the most recent database to get new insight into 
the predictive value of the CONUT score.

The main strengths of this study are that (i) we deal with 
a very old population of patients with HF, with a relatively 
large sample size; (ii) we collected information about car-
diac and non-cardiac outcomes, with a follow-up of 2 years; 
(iii) we showed a significant added prognostic value of the 
CONUT score in the long-term risk prediction of all-cause 
death and re-hospitalizations in patients with HF.

Conclusions

The results of this longitudinal study show that malnutri-
tion, as assessed by the CONUT score, is common among 
elderly patients admitted for acute HF and is able to strongly 
predict the cardiac and non-cardiac 2-year prognosis 2 years 
after the discharge. Indeed, a prompt and comprehensive 
medical and nutritional care of these patients, drawn to pre-
vent or even reverse poor nutritional status, could lead to an 
improvement of cardiac and non-cardiac prognosis [19–23].

Acknowledgements  None.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection, and analysis were 
performed by Filippo Valbusa, Davide Agnoletti, Giuliana Scaturro, 
Elisa Grison, and Elena Ferrari. The first draft of the manuscript was 
written by Davide Agnoletti and all authors commented on previous 
versions of the manuscript. All authors read and approved the final 
manuscript.



1038	 Internal and Emergency Medicine (2023) 18:1031–1039

1 3

Funding  Open access funding provided by Alma Mater Studiorum 
- Università di Bologna within the CRUI-CARE Agreement. None.

Data availability  The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Ponikowski P, Voors AA, Anker SD et al (2016) 2016 ESC Guide-
lines for the diagnosis and treatment of acute and chronic heart 
failure. Eur Heart J 37(27):2129–2200. https://​doi.​org/​10.​1093/​
eurhe​artj/​ehw128

	 2.	 Go AS, Mozaffarian D, Roger VL et al (2013) Heart disease 
and stroke statistics—2013 update. Circulation 127(1):490–499. 
https://​doi.​org/​10.​1161/​CIR.​0b013​e3182​8124ad

	 3.	 Maggioni AP, Dahlström U, Filippatos G et al (2013) EUROb-
servational research programme: regional differences and 1-year 
follow-up results of the Heart Failure Pilot Survey (ESC-HF 
Pilot). Eur J Heart Fail 15(7):808–817. https://​doi.​org/​10.​1093/​
eurjhf/​hft050

	 4.	 Krack A, Sharma R, Figulla HR, Anker SD (2005) The impor-
tance of the gastrointestinal system in the pathogenesis of heart 
failure. Eur Heart J 26(22):2368–2374. https://​doi.​org/​10.​1093/​
eurhe​artj/​ehi389

	 5.	 Valentová M, Von Haehling S, Doehner W, Murín J, Anker SD, 
Sandek A (2013) Liver dysfunction and its nutritional implica-
tions in heart failure. Nutrition 29(2):370–378. https://​doi.​org/​10.​
1016/j.​nut.​2012.​06.​002

	 6.	 Kalantar-Zadeh K, Anker SD, Horwich TB, Fonarow GC (2008) 
Nutritional and anti-inflammatory interventions in chronic heart 
failure. Am J Cardiol. https://​doi.​org/​10.​1016/j.​amjca​rd.​2008.​03.​
007

	 7.	 von Haehling S, Doehner W, Anker SD (2007) Nutrition, metabo-
lism, and the complex pathophysiology of cachexia in chronic 
heart failure. Cardiovasc Res 73(2):298–309. https://​doi.​org/​10.​
1016/j.​cardi​ores.​2006.​08.​018

	 8.	 Kaiser MJ, Bauer JM, Rämsch C et al (2010) Frequency of mal-
nutrition in older adults: a multinational perspective using the 
mini nutritional assessment. J Am Geriatr Soc 58(9):1734–1738. 
https://​doi.​org/​10.​1111/j.​1532-​5415.​2010.​03016.x

	 9.	 Lin H, Zhang H, Lin Z, Li X, Kong X, Sun G (2016) Review of 
nutritional screening and assessment tools and clinical outcomes 
in heart failure. Heart Fail Rev 21(5):549–565. https://​doi.​org/​10.​
1007/​s10741-​016-​9540-0

	10.	 González-Madroño A, Mancha A, Rodríguez FJ, Culebras J, de 
Ulibarri JI (2012) Confirming the validity of the CONUT sys-
tem for early detection and monitoring of clinical undernutrition: 
comparison with two logistic regression models developed using 
SGA as the gold standard. Nutr Hosp 27(2):564–571. https://​doi.​
org/​10.​3305/​nh.​2012.​27.2.​5630

	11.	 Uemura Y, Shibata R, Miyagaki Y et al (2022) A comparative 
study of three nutritional risk/screening indices for predicting car-
diac events and physical functioning among patients with acute 
heart failure. Int Heart J 63(3):541–549. https://​doi.​org/​10.​1536/​
ihj.​21-​809

	12.	 McMurray JJV, Adamopoulos S, Anker SD et al (2012) ESC 
Guidelines for the diagnosis and treatment of acute and chronic 
heart failure 2012: The Task Force for the Diagnosis and Treat-
ment of Acute and Chronic Heart Failure 2012 of the European 
Society of Cardiology. Developed in collaboration with the Heart. 
Eur Heart J 33:1787–1847. https://​doi.​org/​10.​1093/​eurhe​artj/​
ehs104

	13.	 Levey AS, Stevens LA, Frcp C et al (2009) A new equation to esti-
mate glomerular filtration rate. Ann Intern Med 150(9):604–612

	14.	 Stevens L, Coresh J, Greene T, Levey A (2006) Assessing kidney 
function — measured and estimated glomerular filtration rate. N 
Engl J Med 354(23):2473–2483. https://​doi.​org/​10.​1056/​NEJMr​
a0544​15

	15.	 Lang RM, Bierig M, Devereux RB et al (2006) Recommenda-
tions for chamber quantification. Eur J Echocardiogr 7(2):79–108. 
https://​doi.​org/​10.​1016/j.​euje.​2005.​12.​014

	16.	 Agra Bermejo RM, González Ferreiro R, Varela Román A 
et al (2017) Nutritional status is related to heart failure sever-
ity and hospital readmissions in acute heart failure. Int J Cardiol 
2017(230):108–114. https://​doi.​org/​10.​1016/j.​ijcard.​2016.​12.​067

	17.	 Hamada T, Kubo T, Yamasaki N, Kitaoka H (2018) Predictive 
factors of rehospitalization for worsening heart failure and cardiac 
death within 1 year in octogenarians hospitalized for heart failure. 
Geriatr Gerontol Int 18(1):101–107. https://​doi.​org/​10.​1111/​ggi.​
13148

	18.	 Iwakami N, Nagai T, Furukawa TA et al (2017) Prognostic value 
of malnutrition assessed by controlling nutritional Status score 
for long-term mortality in patients with acute heart failure. Int J 
Cardiol 2017(230):529–536. https://​doi.​org/​10.​1016/j.​ijcard.​2016.​
12.​064

	19.	 La Rovere MT, Maestri R, Olmetti F et al (2017) Additional pre-
dictive value of nutritional status in the prognostic assessment of 
heart failure patients. Nutr Metab Cardiovasc Dis 27(3):274–280. 
https://​doi.​org/​10.​1016/j.​numecd.​2016.​09.​009

	20.	 Nakagomi A, Kohashi K, Morisawa T et al (2016) Nutritional 
status is associated with inflammation and predicts a poor out-
come in patients with chronic heart failure. J Atheroscler Thromb 
23(6):713–727. https://​doi.​org/​10.​5551/​jat.​31526

	21.	 Narumi T, Arimoto T, Funayama A et al (2013) The prognos-
tic importance of objective nutritional indexes in patients with 
chronic heart failure. J Cardiol 62(5):307–313. https://​doi.​org/​10.​
1016/j.​jjcc.​2013.​05.​007

	22.	 Nishi I, Seo Y, Hamada-Harimura Y et al (2017) Nutritional 
screening based on the controlling nutritional status (CONUT) 
score at the time of admission is useful for long-term prognostic 
prediction in patients with heart failure requiring hospitalization. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1161/CIR.0b013e31828124ad
https://doi.org/10.1093/eurjhf/hft050
https://doi.org/10.1093/eurjhf/hft050
https://doi.org/10.1093/eurheartj/ehi389
https://doi.org/10.1093/eurheartj/ehi389
https://doi.org/10.1016/j.nut.2012.06.002
https://doi.org/10.1016/j.nut.2012.06.002
https://doi.org/10.1016/j.amjcard.2008.03.007
https://doi.org/10.1016/j.amjcard.2008.03.007
https://doi.org/10.1016/j.cardiores.2006.08.018
https://doi.org/10.1016/j.cardiores.2006.08.018
https://doi.org/10.1111/j.1532-5415.2010.03016.x
https://doi.org/10.1007/s10741-016-9540-0
https://doi.org/10.1007/s10741-016-9540-0
https://doi.org/10.3305/nh.2012.27.2.5630
https://doi.org/10.3305/nh.2012.27.2.5630
https://doi.org/10.1536/ihj.21-809
https://doi.org/10.1536/ihj.21-809
https://doi.org/10.1093/eurheartj/ehs104
https://doi.org/10.1093/eurheartj/ehs104
https://doi.org/10.1056/NEJMra054415
https://doi.org/10.1056/NEJMra054415
https://doi.org/10.1016/j.euje.2005.12.014
https://doi.org/10.1016/j.ijcard.2016.12.067
https://doi.org/10.1111/ggi.13148
https://doi.org/10.1111/ggi.13148
https://doi.org/10.1016/j.ijcard.2016.12.064
https://doi.org/10.1016/j.ijcard.2016.12.064
https://doi.org/10.1016/j.numecd.2016.09.009
https://doi.org/10.5551/jat.31526
https://doi.org/10.1016/j.jjcc.2013.05.007
https://doi.org/10.1016/j.jjcc.2013.05.007


1039Internal and Emergency Medicine (2023) 18:1031–1039	

1 3

Heart Vessels 32(11):1337–1349. https://​doi.​org/​10.​1007/​
s00380-​017-​1001-8

	23.	 Nochioka K, Sakata Y, Takahashi J et al (2013) Prognostic impact 
of nutritional status in asymptomatic patients with cardiac dis-
eases. Circ J 77(9):2318–2326. https://​doi.​org/​10.​1253/​circj.​
CJ-​13-​0127

	24.	 Shirakabe A, Hata N, Kobayashi N et al (2018) The prognos-
tic impact of malnutrition in patients with severely decompen-
sated acute heart failure, as assessed using the Prognostic Nutri-
tional Index (PNI) and Controlling Nutritional Status (CONUT) 
score. Heart Vessels 33(2):134–144. https://​doi.​org/​10.​1007/​
s00380-​017-​1034-z

	25.	 Sze S, Pellicori P, Kazmi S et al (2018) Prevalence and prognostic 
significance of malnutrition using 3 scoring systems among out-
patients with heart failure: a comparison with body mass index. 

JACC Hear Fail 6(6):476–486. https://​doi.​org/​10.​1016/j.​jchf.​2018.​
02.​018

	26.	 Yoshihisa A, Kanno Y, Watanabe S et al (2018) Impact of nutri-
tional indices on mortality in patients with heart failure. Open 
Hear. 5(1):e000730. https://​doi.​org/​10.​1136/​openh​rt-​2017-​000730

	27.	 Roubille C, Eduin B, Breuker C et al (2022) Predictive risk factors 
for death in elderly patients after hospitalization for acute heart 
failure in an internal medicine unit. Intern Emerg Med. https://​doi.​
org/​10.​1007/​s11739-​022-​02982-2

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00380-017-1001-8
https://doi.org/10.1007/s00380-017-1001-8
https://doi.org/10.1253/circj.CJ-13-0127
https://doi.org/10.1253/circj.CJ-13-0127
https://doi.org/10.1007/s00380-017-1034-z
https://doi.org/10.1007/s00380-017-1034-z
https://doi.org/10.1016/j.jchf.2018.02.018
https://doi.org/10.1016/j.jchf.2018.02.018
https://doi.org/10.1136/openhrt-2017-000730
https://doi.org/10.1007/s11739-022-02982-2
https://doi.org/10.1007/s11739-022-02982-2

	Controlling nutritional status score predicts 2-year outcomes in elderly patients admitted for acute heart failure
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Outcomes definition
	Clinical and laboratory data
	Conventional echocardiography
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements 
	References




