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ABSTRACT

Aims Malnutrition is common and associated with

worse clinical outcomes in patients with heart failure
(HF). The Controlling Nutritional Status (CONUT) score

is an integrated index for evaluating diverse aspects of
the complex mechanism of malnutrition. However, the
relationship between the severity of malnutrition assessed
by the CONUT score and clinical outcomes of HF patients
receiving cardiac resynchronisation therapy (CRT) has not
been fully clarified.

Methods Clinical records of 263 patients who underwent
pacemaker or defibrillator implantation for CRT between
March 2003 and October 2020 were retrospectively
evaluated. The CONUT score was calculated from
laboratory data obtained before CRT device implantation.
Patients were divided into three groups: normal nutrition
(CONUT scores 0—1, n=58), mild malnutrition (CONUT
scores 2—4, n=132) and moderate or severe malnutrition
(CONUT scores 5—12, n=73). The primary endpoint was
all-cause mortality.

Results The moderate or severe malnutrition group had
a lower body mass index, more advanced New York Heart
Association functional class, higher Clinical Frailty Scale
score, lower levels of haemoglobin and higher levels of
N-terminal probrain natriuretic peptide (all p<0.05). In the
moderate or severe malnutrition group, the CRT response
rate was significantly lower than for the other two groups
(p=0.001). During a median follow-up period of 31
(10-67) months, 103 (39.1%) patients died. Kaplan-Meier
analysis revealed that the moderate or severe malnutrition
group had a significantly higher mortality rate (log-rank
p<0.001). A higher CONUT score and CONUT score >5
remained significantly associated with all-cause mortality
after adjusting for previously reported clinically relevant
factors and the conventional risk score (VALID-CRT risk
score) (all p<0.05).

Conclusions A higher CONUT score before CRT device
implantation was strongly associated with HF severity,
frailty, lower CRT response rate and subsequent long-term
all-cause mortality.

INTRODUCTION
Heart failure (HF) is a major cause of death
and hospital admission and has become a

Key questions

What is already known about this subject?

» Malnutrition is a common condition associated with
worse clinical outcomes in patients with heart fail-
ure (HF). The Controlling Nutritional Status (CONUT)
score is an integrated index for evaluating diverse
aspects of the complex mechanism of malnutrition.
However, the relationship between the severity of
malnutrition assessed by the CONUT score and clini-
cal outcomes of HF patients with cardiac resynchro-
nisation therapy (CRT) has not been fully clarified.

What does this study add?

» A higher CONUT score before CRT device implanta-
tion was strongly associated with HF severity, frailty,
lower CRT response rate and subsequent long-term
all-cause mortality.

How might this impact on clinical practice?

» Our findings indicate that a simple and objective nu-
tritional assessment using the CONUT score should
be considered at the time of CRT device implanta-
tion. Patients with moderate or severe malnutrition
might require more intensive follow-up or more
aggressive management to improve their clinical
outcomes.

significant public health problem.! Cardiac
resynchronisation therapy (CRT) is an effec-
tive treatment in addition to optimal medica-
tion therapy for patients with advanced-staged
HF with reduced ejection fraction (EF).2?
CRT has been shown to reduce mortality and
improve functional capacity in most eligible
HF patients.* However, 20%-30% of patients
fail to respond to CRT, and long-term death
rates remain high.” Therefore, there is an
unmet clinical need for early identification of
CRT non-response and long-term poor clin-
ical outcomes.

Several recent studies report that malnutri-
tionis one of the mostimportantdeterminants
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of poor clinical outcomes in HE.” Low nutritional intake
due to intestinal oedema, anorexia, liver dysfunction and
chronic inflammation all result in HF-related malnutri-
tion.” ® The Controlling Nutritional Status (CONUT)
score is one of several nutritional indices and is reported
to be one of the most robust markers of nutritional status.”
The CONUT score is calculated from the serum albumin
level, total cholesterol and total peripheral lymphocyte
count, encompassing an immune-nutritional index that
reflects protein/lipid metabolism and immunocompe-
tence. Malnutrition assessed by the CONUT score has
been shown to be related to worse clinical outcomes in
HF patients."’ ' However, the relationship between the
severity of malnutrition assessed by the CONUT score
and clinical outcomes of HF patients receiving CRT has
not been fully clarified. Thus, this real-world observa-
tional study aimed to clarify the relationship between
nutritional status assessed by the CONUT score and CRT
response and long-term mortality in CRT recipients.

In recent years, the number of patients needing CRT
has been increasing alongside the growing older adult
population, as the prevalence of HF rises sharply with
age.' Because older adults have many comorbidities and
heterogeneous pathology, the role of nutritional status
may be a pivotal factor in predicting clinical outcomes.'*"?
Therefore, we also investigated whether the CONUT score
would yield predictive values for both adult (<75 years)
and older adult (275 years) CRT recipients.

METHODS

Patients and study protocol

This is a single-centre, retrospective, observational study
of consecutive patients who underwent CRT device
implantation at Nihon University Itabashi Hospital
between March 2004 and October 2020. A total of 285
patients were reviewed, and 23 patients were excluded
due to lack of data for one or more of the components to
the CONUT score (serum albumin level, total cholesterol
level and total peripheral lymphocyte count). A final 263
patients were included in this study.

Nutritional assessment using the CONUT score and
assessment of frailty

The CONUT score was calculated from three variables
(serum albumin level, total cholesterol level and total
peripheral lymphocyte count) obtained before CRT
device implantation.'* The range of the CONUT score
is 0—12, with higher values indicating worse nutritional
status. Patients with CONUT scores 0-1 have a normal
nutritional status, those with CONUT scores of 2-4
have a mild degree of malnutrition, those with CONUT
scores of 5—8 have a moderate degree of malnutrition,
and CONUT scores of 9-12 indicate a severe degree of
malnutrition."* We divided patients into three groups,
accordingly: normal nutritional group (CONUT scores
0-1, n=58), mild malnutrition (CONUT scores 2-4,
n=132) and moderate or severe malnutrition (CONUT

scores 5-12, n=73). The Clinical Frailty Scale was used
to measure the level of frailty for patients before implan-
tation of a CRT device."” This scale is based on clinical
judgement using available clinical information.

Echocardiography

Echocardiographic ~measurements were routinely
performed before CRT device implantation by experi-
enced echocardiographers. These measurements were
made according to the American Society of Echocardiog-
raphy guidelines.'® Left ventricular (LV) end-systolic and
end-diastolic volumes were measured in the apical four-
chamber and two-chamber views. LVEF was measured
by the modified Simpson method. Mitral regurgitation
(MR) was graded on a 4-point scale using a colour flow
Doppler image.

Device therapy

CRT-pacing (CRT-P) or CRT-defibrillation (CRI-D)
device implantation was performed under local anaes-
thesia using standard transvenous techniques. The LV
lead was inserted into the coronary sinus and advanced
into the posterolateral LV site. The right ventricle (RV)
and right atrial leads were inserted into the RV apex and
right atrial appendage, respectively. Next, patients were
follow-up in dedicated device therapy clinics at regular
3-month or 6-month intervals.

Follow-up and endpoint

The study endpoint was all-cause mortality. All patients
were followed from the date of device implantation till
December 2020 or death. Follow-up data were obtained
in a blinded manner via a review of medical records. We
evaluated two definitions of CRT response: functional
and echocardiographic. Functional CRT response was
defined as the combination of improved functional status
in at least one New York Heart Association (NYHA) func-
tional class and the absence of death or hospitalisation of
HF at 6 months after CRT device implantation.17 ¥ Echo-
cardiographic CRT response was defined as an improve-
ment in LVEF of at least 5% or a reduction in LV end-
systolic volume (LVESV) of at least 15% at 6 months after
CRT implantation.

Statistical analysis

Categorical variables are presented as numbers
(percentage) and continuous variables as the median
(IQR). Statistical differences among categorical variables
were compared by the % test with Bonferroni correction.
Continuous variables were compared using one-way anal-
ysis of variance followed by the post hoc Turkey-Kramer
test, or the Kruskal-Wallis test followed by the Steel-Dwass
test for non-symmetrical continuous variables.

Survival was assessed using the Kaplan-Meier method,
with differences compared by the log-rank test. Next,
univariate and multivariate Cox proportional hazards
regression analyses were performed to analyse the asso-
ciation between the CONUT score (continuous vari-
ables, and moderate or severe malnutrition vs normal or
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mild malnutrition) and all-cause mortality. N-terminal
probrain natriuretic peptide (NT-pro-BNP) data were
subjected to natural log transformation (In) to meet
model assumptions. HRs with 95% CIs were calculated.

Using the multivariate Cox proportional hazards regres-
sion analysis, we constructed multivariate models to adjust
for the effects of established clinically relevant factors
including age, sex, ischaemic aetiology, atrial fibrillation,
QRS duration >150 ms, LVESV, LVEF, moderate or severe
MR, renal function, statin use and acute decompensated
HF (ADHF) at admission (model 1), to adjust for the
effects of the conventional VALID-CRT risk score (model
2), and to adjust for liver function parameters including
total bilirubin, aspartate aminotransferase, alanine
aminotransferase and y-glutamyl transferase (model 3).
The VALID-CRT risk score was constructed and vali-
dated using the following variables: age, sex, implantable
cardioverter defibrillator back-up, atrial fibrillation, pres-
ence or absence of atrioventricular junction ablation in
the case of atrial fibrillation, ischaemic aetiology, diabetes
mellitus, NYHA class and LVEE."

To further evaluate the association of the CONUT score
and mid-term mortality risk, the predictive capacity of the
CONUT score to identify patients at the risk of 1-year all-
cause mortality following CRT device implantation was
assessed by receiver operating characteristic (ROC) curve
analyses. In addition, to evaluate whether the accuracy
of predicting l-year all-cause mortality would improve
after adding the CONUT score to a baseline model of the
VALID-CRT risk score, the C-statistics, net reclassification
improvement and integrated discrimination improve-
ment were calculated.

Statistical analyses were conducted using JMP V.13.0
(SAS Institute) and the R Statistics V.3.5.3 (R Foundation
for Statistical Computing, Vienna, Austria). A p<0.05 was
considered statistically significant.

RESULTS

Baseline patient characteristics

The distribution of the CONUT scores is shown in online
supplemental figure 1. The median (IQR) CONUT score
was 3 (2-5). Among 263 patients, 73 (27.7%) patients
presented a CONUT score =5, suggestive of moderate
or severe degree of malnutrition. The baseline clinical
characteristics of each group are shown in table 1. The
moderate or severe malnutrition group had lower body
mass indices (BMIs), a more advanced NYHA functional
class, higher prevalence of ADHF at the time of admission,
and higher clinical frailty scale scores. The CONUT score
significantly correlated with the clinical frailty scale score
(r=0.27, p<0.001). For laboratory data, the moderate or
severe malnutrition group had lower levels of haemo-
globin and estimated glomerular filtration rate (eGFR)
and higher levels of blood urea nitrogen (BUN), aspartate
aminotransferase and NT-pro-BNP. Among 263 patients,
98 (37.2%) patients receiving a stain for dyslipidaemia.
The prevalence of stain usage did not differ among three

groups (p=0.69). The median (IQR) CONUT score did
not differ significantly between the patients underwent
CRT-P implantation (n=98) and those underwent CRT-D
implantation (n=165) (3 (2-4) vs 3 (2-5), p=0.82).

Nutritional status and CRT response

In this study population, response to functional CRT
was evaluated in 257 patients at 6 months after CRT
device implantation. Among these patients, 191 (74.3%)
patients were classified as functional CRT responders.
The response rates were 83.6% in the normal nutritional
group, 78.8% in the mild malnutrition group and 58.5%
in the moderate or severe malnutrition group. The CRT
response rate was significantly lower in the moderate or
severe malnutrition group than the other two groups
(p=0.001). In addition, 244 patients underwent 6-month
echocardiographic follow-up, of whom 178 (72.9%) were
classified as echocardiographic CRT responders. The
echocardiographic CRT response rate was 83.3% in the
normal nutrition group, 73.1% in the mild malnutrition
group and 64.1% in the moderate or severe malnutrition
group (p=0.051). Non-echocardiographic responders
had significantly higher CONUT score (the median
(IQR)) than echocardiographic CRT responders (4
(3-6) vs 2 (1-4), p<0.001).

Nutritional status and clinical outcome

During a median follow-up period of 31 (10-67)
months, 103 (39.6%) of the total of 263 patients died.
Cardiac deaths occurred in 57 patients (HF death, n=41;
ventricular fibrillation, n=9; sudden cardiac death, n=6;
and acute myocardial infarction, n=1). Non-cardiac
deaths occurred in 46 patients (infection or sepsis,
n=13; cancer, n=8; cerebral haemorrpage, n=5; respira-
tory diseases, n=3, and other causes of death, n=17).
One device infection occurred and lead extraction was
performed in the follow-up period. The Kaplan-Meier
analysis found that the moderate or severe malnutrition
group had a significantly higher mortality rate (log-rank
test: p<0.001, figure 1). In the subanalysis, 180 patients
were younger adults (<75 years old), and 83 patients were
older adults (275 years old). The Kaplan-Meier analysis
of the subgroups showed that the moderate or severe
malnutrition group had a higher occurrence of all-cause
mortality in both the younger adult population (log-rank
test: p<0.001) and the older adult population (p=0.024)
(figure 2). All-cause mortality did not differ significantly
between patients with ischaemic aetiology (n=177) vs
non-ischaemic aetiology (n=86) (p=0.56). The univariate
Cox proportional hazards regression analysis showed that
both a higher CONUT score (continuous variable) and a
CONUT score =5 (vs normal or mild malnutrition) were
significantly associated with all-cause mortality, along with
a lower BMI, higher NYHA functional class, atrial fibril-
lation, QRS duration, lower haemoglobin and eGFR,
higher BUN and In (NT-pro-BNP), and a lower LVEF
(online supplemental table 1). A decrease in any param-
eter of the CONUT score (lymphocyte count, albumin
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Normal nutrition CONUT Mild malnutrition 2 <CONUT Moderate or severe malnutrition
Item score <1 (n=58) score <4 (n=132) CONUT score >5 (n=73) P value

Age, years 67 (57-75) 69 (60-77) 72 (63-78) 0.22

Body mass index, kg/m? 22.3(20.2-25.3) 22.7 (20.3-25.5) 20.9 (18.8-23.1) 0.008

I 12(30.7) 21(15.7) 6(8.2) 0.11

v 5(8.6) 10 (7.6) 23 (31.5t <0.001

Diabetes mellitus 14 (24.1) 50 (37.9) 36 (49.3)* 0.013

CoPD 4(6.9) 3(23) 1(1.4) 0.19

Ischaemic aetiology 14 (24.1) 46 (34.8) 26 (35.6) 0.29

QRS duration, ms 150 (124-167) 150 (126-174) 148 (127-167) 0.78

Acute decompensated heart failure at 19(32.7) 59 (44.7) 49 (67.1)*t <0.001
admission

ACE-I or ARB 46 (79.3) 78 (59.1)* 50 (69.4) 0.020

Diuretics 56 (96.6) 116 (87.9) 61(84.7) 0.088

Laboratory data

White cell count, x10°/L 6.8 (5.5-8.2) 6.0 (4.9-7.4)* 6.6 (5.0-8.0) 0.041

BUN, mg/dL 20.3 (15.4-26.5) 22,9 (17.7-29.2) 24.8 (19.2-38.1)* 0.009

€GFR, ml/min/1.73 m? 56.5 (39.8-70.1) 53.2 (34.2-65.3) 44.5 (28.5-57.8)* 0.007

AST, UL 23 (18-29) 22 (17-30) 27 (21-36)*1 0.037

GGT, UL 37 (21-69) 46 (24-88) 53 (28-99) 0.25

Total cholesterol, mg/dL 190 (170-216) 159 (134-191)* 138 (118-163)*t <0.001

Echocardiographic data

LVESV, mL 125 (67-168) 148 (100-197) 147 (97-185) 0.65

Moderate or severe MR 5(8.9) 15(11.9) 12 (16.9) 0.39

Values are the median (IQR) or number (%). For multiple comparisons, the ANOVA test was used for symmetrical continuous variables, the Kruskal-Wallis test for non-symmetrical
continuous variables and the %2 test for categorical variables. All pair comparisons were performed based on the Tukey-Kramer test for symmetrical continuous variables, the Steel-
Dwass test for non-symmetrical continuous variables, and the %? test with Bonferroni correction for categorical variables.

*P<0.05 vs normal nutrition.

1P<0.05 vs mild malnutrition.

ACE-|, ACE inhibitor; ALT, alanine aminotransferase; ANOVA, analysis of variance; ARB, angiotensin receptor blocker; AST, aspartate aminotransferase; BUN, blood urea nitrogen;
CONUT, Controlling Nutritional Status; COPD, chronic obstructive pulmonary disease; Cr, creatinine; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration
rate; GGT, y-glutamyl transferase; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; MR, mitral
regurgitation; NT-pro-BNP, N-terminal probrain natriuretic peptide; NYHA, New York Heart Association.
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Figure 1 Kaplan-Meier curves of overall survival for patient

groups defined according to nutritional status assessed by
the CONUT score. CONUT, Controlling Nutritional Status.

and total cholesterol) was significantly associated with
all-cause mortality (online supplemental table 1). In the
multivariate Cox proportional hazards regression anal-
ysis, a higher CONUT score and a CONUT score=5 (vs
normal or mild malnutrition) remained significantly
associated with all-cause mortality after adjusting for
previously reported clinically relevant factors (age, sex,
ischaemic aetiology, atrial fibrillation, QRS duration>150
ms, LVESV, LVEF, moderate or severe MR, eGFR, statin
use and ADHF at admission), conventional risk score
(VALID-CRT risk score) and liver function parameters
(table 2).

A <75 years old (n=180)
1.0
2
= 08
= y
2
E 0.6
4 Normal
7] . e
g 04 —— Mild malnutrition
% Moderate or severe malnutrition
02
: Log-rank P < 0.001
0.0
0 10 20 30 40
Months
Number at risk
Months 0 10 20 30 40
Normal 40 35 20 28 22

Mild malnutrition 93 83 67 56 44

Moderate or severe 47 26 20 18 15
mahutrition

Discriminative power of CONUT score for assessing risk

We performed an ROC curve analysis to evaluate the
predictive value of the CONUT score for l-year all-cause
mortality. The cut-off CONUT score value of 6 had a
sensitivity of 0.59 and a specificity of 0.84 for predicting
1-year all-cause mortality (C-statistic=0.74). Furthermore,
adding the CONUT score as a continuous variable to a
baseline model with VALID-CRT risk score significantly
increased the C-statistic, net reclassification improve-
ment, and integrated discrimination improvement for
predicting l-year all-cause mortality (table 3).

DISCUSSION

The results of this study demonstrated a strong association
between the severity of malnutrition (CONUT score) and
a poor clinical outcome in CRT recipients. Our study had
four major findings. First, a higher CONUT score was asso-
ciated with a lower BMI, more severe HF, renal dysfunc-
tion, frailty and a lower CRT response rate. Second, a
higher CONUT score before CRT device implantation
was strongly associated with all-cause mortality following
CRT device implantation, and this association persisted
regardless of age group. Third, the CONUT showed an
incremental prognostic value when added to the conven-
tional risk score for predicting 1-year mortality.

In our study population, 27.7% of patients presented
moderate or severe malnutrition. Malnutrition is
common in HF patients and is associated with poor clin-
ical outcomes.” Intestinal oedema, affected by gastro-
intestinal congestion and low nutritional intake due to
appetite loss, causes malabsorption, chronic inflamma-
tion, and a cytokine-induced hypermetabolic condition,!
which leads to a vicious cycle of inflammation, catabolic
drive, and malnutrition. The CONUT score was devel-
oped for early detection of poor nutritional status. This
score is an integrated index that reflects immunity status,

=75 years old (n=83)

o
E
E
E 0.6
2 Normal
E 04 ——Mild malnutrition
Oy Moderate or severe malnutrition
3
= 0.2
= Log-rank P = 0.024
0.0
0 10 20 30 40
Months
Number at risk
Months 0 10 20 30 40
Normal 8 14 13 12 12

Mild malnutrition 39 30 19 18 16

Moderate or severe 26 16 12 10 7
mahutrition

Figure 2 Kaplan-Meier curves of overall survival for patient groups defined according to nutritional status assessed by the
CONUT score, divided according to age: <75 years old (A) and >75 years old (B). CONUT, Controlling Nutritional Status.
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Table 2 Multivariate Cox proportional hazards analysis for risk of all-cause mortality

CONUT score (per one increase)

CONUT score >5

Model HR 95% ClI P value HR 95% ClI P value
Model 1 1.25 1.14101.37 <0.001 2.23 1.37 10 3.60 0.001
Model 2 1.22 1.13101.31 <0.001 2.05 1.14 10 1.81 <0.001
Model 3 1.24 1.13101.35 <0.001 2.03 1.26 10 3.22 0.003

Model 1=adjusted for age, sex and clinically relevant factors (ischaemic aetiology, atrial fibrillation, QRS duration >150 ms, left ventricular
end-systolic volume, left ventricular ejection fraction, moderate or severe MR, estimated glomerular filtration rate, statin use and acute
decompensated heart failure at admission). Model 2=adjusted for VALID-cardiac resynchronisation therapy risk score. Model 3=adjusted for
age, sex and liver function parameters (total bilirubin, aspartate aminotransferase, alanine aminotransferase, and y-glutamyl transferase).

CONUT, Controlling Nutritional Status.

protein reserve and lipid metabolism. Thus, our findings
expand the data for this index regarding diverse aspects
of the complex malnutrition mechanism in HF and build
on the previously reported usefulness of the CONUT
score for HF risk-stratification.” "’

Many studies have explored the association between
clinical characteristics, echocardiographic parameters,
CRT non-response and long-term Inortality.22 % However,
the relationship between the nutritional status of patients
and the clinical outcomes of CRT recipients was not fully
understood. Our results revealed that a higher CONUT
score was associated with not only a lower CRT response
rate but also l-year and long-term all-cause mortality.
These associations remained significant even after
adjusting clinically relevant factors and liver function test
parameters.

We found that a cut-off CONUT score value of 6 had a
sensitivity of 0.59 and a specificity of 0.84 for predicting
l-year all-cause mortality. Moreover, the CONUT score
showed an incremental prognostic value for predicting
l-year mortality over the valid cardiac resynchronisation
therapy (VALID-CRT) risk score. Adding the CONUT
score to a baseline model with VALID-CRT risk score
significantly increased the C-statistic, net reclassification
improvement, and integrated discrimination improve-
ment for predicting 1-year all-cause mortality. Currently,
the VALID-CRT risk score is a widely used and well-
established comprehensive risk-stratification tool for
CRT device implantation.'” However, the VALID-CRT
risk score does not include the effect of nutritional status.
Therefore, adding the CONUT score to the VALID-CRT
risk score provides additional information, improving the
prediction of poor clinical outcomes.

Clinical implications

Our findings indicate that a simple and objective nutri-
tional assessment using the CONUT score should be
considered before CRT device implantation. Patients with
moderate or severe malnutrition might require more inten-
sive follow-up or more aggressive management to improve
their clinical outcomes, regardless of their age group.
Therefore, early detection of malnutrition by the CONUT
score and early nutritional care before and alongside CRT
would benefit those receiving the therapy. In particular,
nutritional interventions aiming to increase protein
and energy intake for HF patients with malnutrition can
improve nutritional status, hospital readmission rate and
mortality.24 % One multicentre, randomised, controlled
clinical trial reported that conventional HF treatment
combined with an individualised nutritional intervention
in malnourished hospitalised patients with HF reduced
the risk of all-cause death or readmission for worsening of
HF, with a2 maximum follow-up of 12 months.”

Limitations

This study has several limitations. First, it was a retrospec-
tive single-centre study with a relatively small sample size.
Second, we could not compare with other clinical nutri-
tional markers such as the Subjective Global Assessment
and the Mini Nutritional Assessment because we could
not obtain data on weight change, dietary intake change,
gastrointestinal symptoms or physical information on
muscle.?®?” Finally, we only calculated the CONUT score
before CRT device implantation. Therefore, the change
in the CONUT score over time was not investigated.
Further large-scale multicentre studies are needed to
confirm our findings.

Table 3 Evaluation of the increased predictive ability of the CONUT score for 1- year all-cause mortality when added to the

VALID-CRT risk score

Risk score C-statistic (95% CI) P value NRI (95% CI) P value IDI (95% CI) P value
VALID-CRT risk score 0.63 (0.54 10 0.72) Ref. Ref. Ref.
VALID-CRT risk score+ CONUT score  0.78 (0.70 to 0.86) 0.003 0.78(0.45t01.12)  <0.001 0.12(0.06 10 0.18)  <0.001

CONUT, Controlling Nutritional Status; CRT, cardiac resynchronisation therapy; IDI, integrated discrimination improvement; NRI, net

reclassification improvement.
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Heart failure and cardiomyopathies

CONCLUSIONS

A higher CONUT score before CRT device implantation
was strongly associated with HF severity, frailty, lower
CRT response rate and subsequent 1-year and long-term
all-cause mortality. Our findings suggest that nutritional
assessment using the CONUT score may improve the risk
stratification of CRT recipients.
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