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Abstract

Aims We aimed to investigate the prognostic impact of malnutrition, defined by the Global Leadership Initiative on Malnu-
trition (GLIM) criteria, stratified by renal function in hospitalized patients with acute decompensated heart failure (HF).
Methods and results In this retrospective study, 314 patients who were hospitalized for acute decompensated HF from Au-
gust 2019 to October 2020 were enrolled. We evaluated malnutrition using the GLIM criteria during the time of admission. The
primary outcome was 90-day all-cause mortality. The median patient age was 82 years, and 90-day mortality was 14.0%. In
total, 76 (24.2%) patients were malnourished according to the GLIM criteria. Malnutrition defined by the GLIM criteria [ad-
justed hazard ratio (HR) 1.41, 95% confidence interval (CI) 1.02–1.91, P = 0.036] and renal insufficiency [adjusted HR 2.59,
95% CI 1.07–6.28, P = 0.035 for estimated glomerular filtration rate (eGFR) < 30 mL/min/1.73 m2 vs. ≥60 mL/min/1.73 m2]
were identified as independent predictors of 90-day mortality after adjustment for age, systolic blood pressure, and serum
sodium level. In the combined setting of both variables, patients with malnutrition and eGFR < 30 mL/min/1.73 m2 had a
markedly higher risk of 90-day mortality compared with those without malnutrition and eGFR ≥ 60 mL/min/1.73 m2 (adjusted
HR 3.92, 95% CI 1.10–13.9, P = 0.035). Adding both eGFR and malnutrition, defined by the GLIM criteria, to the baseline model
with established risk factors improved both net reclassification and integrated discrimination greater than that of the baseline
model (0.606, P < 0.001 and 0.050, P = 0.002, respectively), even when compared with the model with malnutrition by the
GLIM alone (0.463, P = 0.002 and 0.034, P < 0.001, respectively).
Conclusions Nutrition screening using the GLIM criteria stratified by renal function could clearly predict 90-day mortality in
hospitalized patients with acute decompensated HF.
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Introduction

Malnutrition is common in patients with acute decompen-
sated heart failure (HF).1,2 Approximately 80% of hospitalized
patients with HF have malnutrition.3 The prevalence of mal-
nutrition has been increasing with the aging of the society,
especially in elderly patients.4 Moreover, malnutrition exacer-
bates complications, mortality, duration of hospitalization,
and healthcare costs.5,6 Therefore, there is an increased focus
on the assessment of an individual’s nutrition status and pre-
vention of malnutrition.

Recently, the Global Leadership Initiative on Malnutrition
(GLIM) published a new set of phenotypic criteria that in-
cluded weight loss, low body mass index, and reduced muscle
mass as well as aetiological criteria that included reduced
food intake and inflammation.7 Hirose et al. showed that
malnutrition, defined by the GLIM criteria, had an additive
prognostic predictive ability to a known definition of malnu-
trition, the geriatric nutritional risk index, in elderly patients
with HF.8 This study showed that 42.4% of hospitalized
patients were malnourished according to the GLIM criteria.
Furthermore, malnutrition, defined by the GLIM criteria,
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was a significant and independent factor for increasing mor-
tality. However, the distribution of malnutrition according to
renal function and their combined value as a prognostic tool
remains to be identified. Thus, we performed this study to
examine the combined prognostic utility of malnutrition,
defined by the GLIM criteria, and renal function in hospital-
ized elderly patients with acute decompensated HF.

Methods

In this retrospective study, 314 patients who were hospital-
ized for acute decompensated HF at Kasugai Municipal Hospi-
tal from August 2019 to October 2020 were enrolled. Patients
undergoing haemodialysis, those who were hospitalized
multiple times for HF during the study period, and those
who with HF caused by acute myocardial infarction were ex-
cluded. Most patients were followed up at outpatient clinics
after hospital discharge.

This study followed the STROBE statement (Supporting In-
formation, Table S1). The study protocol complied with the
Declaration of Helsinki and was approved by the Committee
on Ethics of Kasugai Municipal Hospital. We also offered
the opportunity to opt out to all patients (https://www.hospi-
tal.kasugai.aichi.jp/byouin/torikumi/rinsho/rinri/documents/
rinri355-3.pdf). None of the subjects decided to opt out.

Definitions

Heart failure was defined according to the American College
of Cardiology/American Heart Association guidelines, as the
presence of HF signs and symptoms and confirmed left
ventricular systolic or diastolic dysfunction.9 Anaemia was de-
fined as haemoglobin levels < 13 g/dL for males and <12 g/
dL for females according to the World Health Organization
committee.10 The estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation.11

Subjective global assessment (SGA) is a nutritional assess-
ment tool that is widely used in various clinical settings.12,13

SGA was performed by experienced nurses on Day 2 of ad-
mission. The SGA questionnaire included two domains—the
patient’s medical history, including data on body weight,
changes in dietary intake, gastrointestinal symptoms, func-
tional capacity, and degree of stress imposed by the disease,
and physical examination, including assessment of the sever-
ity of subcutaneous fat loss, muscle wasting, ankle and sacral
oedema, and ascites on a 4-point scale (0–3). Patients were
subjectively rated as well nourished (A), moderately malnour-
ished (B), or severely malnourished (C).14

For the GLIM criteria, in the initial step of screening for the
risk of malnutrition, SGA was used, with malnutrition indi-
cated by SGA B or C. The second step involved diagnosis of

malnutrition based on the combination of three phenotypic
components (non-volitional weight loss, low body mass
index, and reduced muscle mass) and two aetiological compo-
nents (reduced food intake and inflammation). According to
the pathophysiology that HF coexists with mild-to-moderate
inflammation,15 all patients met the aetiological criteria. Ac-
cordingly, malnutrition was diagnosed based on the presence
of at least one of the three phenotypic components necessary
for a positive diagnosis. Among the phenotypic components,
non-volitional weight loss > 5% within the past 6 months
and body mass index < 18.5 kg/m2 for age < 70 years and
<20 kg/m2 for age ≥ 70 years were used as cut-offs. For re-
duced muscle mass, arm circumference ≤ 21 cm was
mainly used,16 which was measured to the nearest 1 mm by
trained cardiologists or nurses using a plastic tape from Days
2 to 7. Lower appendicular skeletal muscle mass index
(males < 7.0 kg/m2, females < 5.7 kg/m2), measured by bio-
electrical impedance analysis after adjustment for body fluid,
was added if possible.

Data collection

Clinical characteristics (age, gender, body mass index, previ-
ous medical history, New York Heart Association functional
classification, aetiology of HF, non-cardiac comorbidities, vital
signs, and laboratory data), in-hospital treatment, and 90-day
all-cause mortality were assessed by chart review. Blood
samples for baseline measurements, including measurement
of eGFR and serum sodium and plasma B-type natriuretic
peptide (BNP) levels, were obtained from patients in the
morning on Day 2 of hospital admission. Echocardiographic
data during hospitalization were also collected; left ventricu-
lar ejection fraction was calculated according to the modified
biplane Simpson’s rule.

Statistical analysis

SAS software (Version 27; SAS Institute, Inc. Cary, NC, USA)
was used for statistical analyses. Categorical variables are
expressed as counts and percentages, and continuous vari-
ables are expressed as medians and interquartile ranges
(IQRs) or means ± standard deviations. Univariate and multi-
variate Cox regression analyses were performed to deter-
mine the predictors of 90-day mortality. Variables with a P
value of <0.05 in univariate analysis were entered into the
multivariate model, and P values, hazard ratios (HRs), and
95% confidence intervals (CIs) were calculated. Statistical sig-
nificance was set at P < 0.05. To assess whether the accu-
racy of mortality prediction would improve after adding
eGFR or malnutrition, defined by the GLIM criteria, into a
baseline model with established risk factors (i.e. age, gender,
systolic blood pressure, and serum sodium level), we calcu-

Combined prognostic value of malnutrition using GLIM criteria and renal insufficiency in elderly heart failure 705

ESC Heart Failure 2022; 9: 704–711
DOI: 10.1002/ehf2.13685

https://www.hospital.kasugai.aichi.jp/byouin/torikumi/rinsho/rinri/documents/rinri355-3.pdf
https://www.hospital.kasugai.aichi.jp/byouin/torikumi/rinsho/rinri/documents/rinri355-3.pdf
https://www.hospital.kasugai.aichi.jp/byouin/torikumi/rinsho/rinri/documents/rinri355-3.pdf


lated the C-index, net reclassification improvement (NRI),
and integrated discrimination improvement (IDI). The C-in-
dex, defined as the area under receiver operating character-
istic curves between individual predictive probabilities for
mortality and the incidence of mortality, was compared be-
tween the baseline model and enriched models containing
the established risk factors plus eGFR and malnutrition,
defined by the GLIM criteria, or each of these variables.
NRI indicates how many patients showed improvement in
their predicted probability of mortality, and IDI indicates
the average improvement in the predicted probability of
mortality after adding variables into the baseline model.
Differences were considered statistically significant at a P
value of <0.05.

Results

The characteristics of the enrolled subjects, categorized ac-
cording to the GLIM criteria (the presence/absence of malnu-
trition) and eGFR categories (≥60, ≥30 to <60, and <30 mL/
min/1.73 m2), are shown in Table 1. The median patient age
was 82 years (IQR 73–86 years), and 54.1% of the patients
were men. The 90-day mortality rate was 14.0% (n = 44).
Kaplan–Meier analysis showed that the 90-day survival rates
were 89.1% and 76.3% in patients with and without malnutri-
tion, respectively, according to the GLIM criteria, and 91.6%,
89.2%, and 74.7% in patients with eGFR ≥60, ≥30 to <60,
and <30 mL/min/1.73 m2, respectively (P = 0.001 and
P = 0.004, respectively) (Figure 1). In total, 124 (39.4%) pa-
tients were malnourished according to the SGA, while 76
(24.2%) patients were malnourished according to the GLIM
criteria (Supporting Information, Table S2).

The univariate Cox regression model revealed that age,
body mass index, systolic blood pressure, blood urea
nitrogen, serum sodium level, eGFR, plasma BNP level, and
malnutrition, defined by the GLIM criteria, were significant
predictors of 90-day mortality (Supporting Information,
Table S3). Among these variables, there was a strong correla-
tion between blood urea nitrogen and eGFR, and body mass
index and malnutrition, defined by the GLIM criteria. In
addition, plasma BNP level was significantly correlated with
malnutrition defined by the SGA B or C, as the first-line
screening tool for the GLIM criteria (P = 0.026). Therefore,
we excluded body mass index, blood urea nitrogen, and
plasma BNP level from multivariate Cox regression analysis.
A subsequent multivariate Cox regression model identified
malnutrition, defined by the GLIM criteria, and eGFR as signif-
icant and independent predictors of 90-day mortality after
adjusting for age, systolic blood pressure, and serum sodium
level (HR 1.41, 95% CI 1.02–1.91, P = 0.036 and HR 0.98, 95%
CI 0.96–0.99, P = 0.008, respectively) (Table 2). Next, we
investigated predictive values by calculating multivariable-

adjusted HRs for associations between eGFR category and
prognostic variables identified by the multivariate Cox regres-
sion model (age, systolic blood pressure, serum sodium level,
and malnutrition, defined by the GLIM criteria) (Table 2). Pa-
tients with eGFR < 30 mL/min/1.73 m2 had a higher relative
risk of 90-day mortality than those with eGFR ≥ 60 mL/min/
1.73 m2 (adjusted HR 2.59, 95% CI 1.07–6.28, P = 0.035)
and eGFR ≥ 30 to <60 mL/min/1.73 m2 (adjusted HR 2.39,
95% CI 1.23–4.63, P = 0.010). Furthermore, we compared
the characteristics and incidence of 90-day mortality strati-
fied by the presence or absence of malnutrition, defined by
the GLIM criteria, and eGFR (Supporting Information,
Table S4 and Figure 2). The incidence of 90-day mortality
was the highest in malnourished patients with
eGFR < 30 mL/min/1.73 m2 (36.4%). Compared with patients
without malnutrition and eGFR ≥ 60 mL/min/1.73 m2 (refer-
ence group), patients with malnutrition and eGFR < 30 mL/
min/1.73 m2 had a significantly increased incidence of
90-day mortality after adjusting for age, systolic blood pres-
sure, and serum sodium level (HR 3.92, 95% CI 1.10–13.9,
P = 0.035) (Figure 2). Finally, we calculated the improvement
in discrimination and reclassification of malnutrition, defined
by the GLIM criteria (Table 3). Adding both eGFR and malnu-
trition, defined by the GLIM criteria, to the baseline model
with established risk factors improved NRI beyond that of
the baseline model alone (P < 0.001) and the model with
malnutrition defined by the GLIM criteria alone (P = 0.002).
In addition, IDI improved significantly after adding both eGFR
and malnutrition, defined by the GLIM criteria, beyond that
of the baseline model (P = 0.002) and the model with malnu-
trition, defined the GLIM criteria alone (P < 0.001). The C-in-
dex of malnutrition, defined by the GLIM criteria, and eGFR,
in addition to established risk factors, was 0.784 (95% CI
0.713–0.855), which was relatively higher than that of estab-
lished risk factors and malnutrition, defined by the GLIM
criteria [0.770 (95% CI 0.698–0.843)].

Discussion

In this retrospective study, we found that, among hospitalized
patients with HF, identifying malnourished patients using the
GLIM criteria during early hospitalization may provide useful
information for estimating mid-term mortality. Additionally,
we found that the mortality of malnourished patients could
be predicted based on their renal function.

Recently, several studies have reported the prevalence of
malnutrition and the relationship between clinical prognosis
and nutritional status in patients with acute decompensated
HF using various nutrition screening tools.17,18 Given that
previous results might be affected by the study population
and sample sizes, there is no international consensus on the
most adequate screening tool or feasible combinations for
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Table 1 Characteristics of study subjects

Characteristic
All patients

GLIM criteria

P value
Without malnutrition Malnutrition

N = 314 N = 238 N = 76

Age (years) 82 (73, 86) 80 (71, 86) 85 (79, 90) <0.001
Gender (male/female, %) 54.1/45.9 60.5/39.5 34.2/65.8 <0.001
Current or former smoker (%) 44.3 50.0 26.3 <0.001
Body mass index (kg/m2) 22.6 (19.8, 25.4) 23.4 (21.1, 26.6) 19.3 (17.6, 21.7) <0.001
Dyslipidaemia (%) 24.5 27.3 15.8 0.042
Type 2 diabetes mellitus (%) 36.9 39.1 30.3 0.166
Hypertension (%) 72.6 75.6 63.2 0.034
Atrial fibrillation or atrial flutter (%) 34.7 31.5 44.7 0.035
Previous myocardial infarction (%) 20.4 21.4 17.1 0.415
Previous stroke (%) 7.6 8.0 6.6 0.808
Previous heart failure hospitalization
before the study period (%)

32.2 30.3 38.2 0.199

Ischaemic aetiology (%) 28.0 28.5 26.3 0.711
Initial evaluation

Systolic blood pressure (mmHg) 132 (114, 148) 131 (114, 148) 131 (113, 149) 0.891
Diastolic blood pressure (mmHg) 74 (64, 88) 75 (64, 87) 73 (62, 88) 0.908
Heart rate (b.p.m.) 84 (72, 96) 83 (72, 96) 85 (71, 98) 0.607
NYHA functional classification IV (%) 48.4 45.7 57.6 0.091
Blood urea nitrogen (mg/dL) 23.6 (17.4, 33.6) 23.3 (17.4, 32.7) 23.9 (17.3, 35.0) 0.548
Sodium (mEq/L) 141 (137, 143) 141 (138, 143) 140 (136, 143) 0.242
Potassium (mEq/L) 4.1 (3.7, 4.5) 4.1 (3.7, 4.5) 4.1 (3.7, 4.5) 0.593
eGFR (mL/min/1.73 m2) 43.8 (29.4, 62.0) 43.3 (29.7, 59.7) 44.1 (26.2, 66.9) 0.898
Albumin (mg/dL) 3.6 (3.3, 3.9) 3.7 (3.4, 4.0) 3.4 (3.1, 3.8) <0.001
Total cholesterol (mg/dL) 147 (127, 177) 147 (127, 178) 149 (127, 176) 0.853
CRP (mg/dL) 0.49 (0.19, 1.90) 0.47 (0.19, 1.96) 0.56 (0.18, 1.67) 0.777
BNP (pg/mL) 481 (246, 844) 470 (225, 789) 551 (306, 992) 0.072
Anaemia (%) 64.7 63.9 67.1 0.607
Left ventricular ejection fraction (%) 51 (37, 66) 52 (38, 66) 50 (35, 65) 0.713

Hospital length of stay (days) 15 (11, 22) 15 (11, 22) 16 (11, 24) 0.416
90-day mortality (%) 14.0 10.9 23.7 0.008

Characteristic

eGFR (mL/min/1.73 m2)

P value
≥60 ≥30 to <60 <30

N = 83 N = 148 N = 83

Age (years) 77 (66, 86) 83 (76, 87) 81 (73, 87) 0.003
Gender (male/female, %) 60.2/39.8 52.7/47.3 50.6/49.4 0.410
Current or former smoker (%) 49.2 43.9 41.0 0.640
Body mass index (kg/m2) 22.3 (19.1, 25.1) 22.6 (20.2, 25.7) 22.5 (19.6, 25.8) 0.444
GLIM (%) 28.9 20.3 26.5 0.288
Dyslipidaemia (%) 18.1 22.3 34.9 0.028
Type 2 diabetes mellitus (%) 25.3 38.5 45.8 0.021
Hypertension (%) 63.9 73.7 79.5 0.072
Atrial fibrillation or atrial flutter (%) 24.1 37.2 41.0 0.051
Previous myocardial infarction (%) 8.4 23.7 26.5 0.006
Previous stroke (%) 8.4 6.1 9.6 0.591
Previous heart failure hospitalization (%) 12.1 32.4 51.8 <0.001
Ischaemic aetiology (%) 20.5 28.1 35.4 0.104
Initial evaluation

Systolic blood pressure (mmHg) 132 (116, 144) 132 (116, 149) 128 (106, 149) 0.372
Diastolic blood pressure (mmHg) 81 (68, 93) 74 (64, 88) 69 (60, 80) 0.001
Heart rate (b.p.m.) 87 (78, 103) 84 (72, 96) 78 (65, 93) 0.002
NYHA functional classification IV (%) 50.6 47.8 47.4 0.900
Blood urea nitrogen (mg/dL) 16.0 (11.5, 20.9) 22.8 (18.5, 27.9) 44.6 (32.7, 58.0) <0.001
Sodium (mEq/L) 140 (137, 142) 141 (138, 143) 141 (137, 143) 0.201
Potassium (mEq/L) 3.9 (3.5, 4.2) 4.1 (3.7, 4.4) 4.4 (3.9, 5.0) <0.001
eGFR (mL/min/1.73 m2) 73.6 (67.2, 85.7) 43.8 (37.5, 51.3) 19.0 (12.9, 25.2) <0.001
Albumin (mg/dL) 3.6 (3.2, 4.0) 3.06 (3.3, 3.9) 3.6 (3.3, 3.9) 0.901
Total cholesterol (mg/dL) 154 (134, 184) 146 (126, 177) 140 (122, 169) 0.076
CRP (mg/dL) 0.42 (0.21, 1.53) 0.47 (0.17, 1.70) 0.71 (0.18, 2.65) 0.473
BNP (pg/mL) 434 (154, 581) 479 (247, 844) 575 (323, 1402) 0.003
GLIM (%) 28.9 20.3 26.5 0.288
Anaemia (%) 44.6 64.2 85.5 <0.001
Left ventricular ejection fraction (%) 52 (36, 65) 51 (38, 68) 50 (37, 66) 0.817

Hospital length of stay (days) 13 (10, 19) 15 (11, 21) 18 (11, 29) 0.015
90-day mortality (%) 8.4 10.8 25.3 0.002

BNP, B-type natriuretic peptide; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; GLIM, Global Leadership Initiative on
Malnutrition; NYHA, New York Heart Association.
Categorical variables are described as percentages, and continuous variables are given as median and 25th–75th percentile range.
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predicting mortality thus far. Two studies have assessed nu-
tritional status using the GLIM criteria after it was proposed
and have shown its predictive efficacy in patients with
cardiovascular diseases, including HF.8,19 They evaluated the
Malnutrition Universal Screening Tool or the geriatric nutri-
tional risk index as a first-stage screening tool for the risk of
malnutrition at hospital discharge. We have previously
assessed nutrition measurements for the prediction of
1-year mortality in hospitalized patients with acute decom-
pensated HF.20 The addition of SGA to the established factors
significantly improved both NRI and IDI. Other indices (con-
trolling nutritional status, prognostic nutritional index, or ge-
riatric nutritional risk index) improved NRI alone. Given that
SGA might have the greatest advantage in the prediction of
1-year mortality, we adapted SGA as the first-line screening

tool for the GLIM criteria. Allard et al. performed a compara-
tive study between the GLIM criteria and SGA in hospitalized
adult patients21 and reported that the prevalence of malnu-
trition was 45.2% and 19.8% using SGA and the GLIM criteria,
respectively. In addition, they reported a worrisome result
that the GLIM criteria had high specificity but low sensitivity
in diagnosing malnutrition. In our study, the prevalence of
malnutrition was 39.4% and 24.2% using SGA and the GLIM
criteria, respectively. Although the difference in the assess-
ment of these two tools was smaller than that in the study
by Allard et al., some potentially malnourished patients iden-
tified using SGA may not be identified using the GLIM criteria.
Nevertheless, applying SGA as a first-stage screening tool will
be useful in the early detection of malnourished patients at
hospital admission.

Figure 1 Kaplan–Meier curves for all-cause mortality according to the presence or absence of malnutrition, defined by the GLIM criteria, and eGFR
category. eGFR, estimated glomerular filtration rate; GLIM, Global Leadership Initiative on Malnutrition.

Table 2 Predictors for 90-day mortality by Cox regression analysis

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Malnutrition by the GLIM criteria 1.59 (1.17–2.14) 0.004 1.41 (1.02–1.91) 0.036a

eGFR (continuous) 0.98 (0.96–0.99) 0.002 0.98 (0.96–0.99) 0.008a

eGFR (vs. ≥60 mL/min/1.73 m2) 0.005b <0.001b

≥30 to <60 mL/min/1.73 m2 1.27 (0.54–3.29) 0.597 1.09 (0.44–2.72) 0.859c

<30 mL/min/1.73 m2 3.17 (1.41–8.06) 0.004 2.59 (1.07–6.28) 0.035c

CI, confidence interval; eGFR, estimated glomerular filtration rate; GLIM, Global Leadership Initiative on Malnutrition; HR, hazard ratio.
aAdjusted for age, systolic blood pressure, and serum sodium level.
bP for trend.
cAdjusted for age, systolic blood pressure, serum sodium level, and malnutrition defined by the GLIM criteria.
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In a randomized controlled trial, the benefit of individual-
ized nutritional intervention was not observed in malnour-
ished patients with cardiovascular diseases.22 A recent
randomized trial by Rozentryt et al. identified significant
weight gain and improvement in quality of life in cachectic
patients with chronic HF.23 Even the first admission for acute

decompensated HF was related to an increased risk of mor-
tality due to aging, coexistent cardiovascular diseases, comor-
bidities, or malignant diseases. Clinical evidence of nutritional
support is desirable from this background, but a precise strat-
egy for elderly patients with HF is unclear. Therefore, it is
possible that enthusiastic early detection of malnutrition

Figure 2 Ninety-day mortality stratified according to the presence or absence of malnutrition, defined by the GLIM criteria, and eGFR category. Values
indicate the adjusted hazard ratio (95% confidence interval). The P for trend was <0.001. eGFR, estimated glomerular filtration rate; GLIM, Global
Leadership Initiative on Malnutrition.

Table 3 Discrimination of each predictive model for 90-day mortality using the C-index, net reclassification improvement, and integrated
discrimination improvement

C-index (95% CI) P value NRI P value IDI P value

Established risk factors 0.752 (0.679 to 0.826) Reference Reference Reference
+ eGFR 0.775 (0.701 to 0.848) 0.332 0.448 0.003 0.031 0.007
+ malnutrition by the GLIM 0.770 (0.698 to 0.843) 0.258 0.305 0.032 0.016 0.048
+ malnutrition by the GLIM and eGFR 0.784 (0.713 to 0.855) 0.212 0.606 <0.001 0.050 0.002
The model with GLIM and eGFR vs.
the model with GLIM alone

0.014 (�0.026 to 0.053)a 0.505 0.463 0.002 0.034 <0.001

CI, confidence interval; eGFR, estimated glomerular filtration rate; GLIM, Global Leadership Initiative on Malnutrition; IDI, integrated dis-
crimination improvement; NRI, net reclassification improvement.
Established risk factors included age, gender, systolic blood pressure, and serum sodium level.
aEstimated difference of C-index between the two models.
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using the GLIM criteria, in addition to conventional risk
factors, can contribute modestly. Further evaluations are
needed to clarify the impact of nutritional support based on
nutrition screening using the GLIM criteria in clinical practice.

Impaired renal function is commonly seen in patients with
HF and is associated with poor prognosis.24–29 The relation-
ship between cardiac and renal function is being increasingly
focused on, including worsening renal function and acute kid-
ney injury during hospitalization. Therefore, the current
guidelines strongly recommend initial assessment of renal
function with the use of eGFR in patients with acute HF.9,29

In our analyses, eGFR at hospital admission was an indepen-
dent predictor of 90-day mortality. Its predictive value was
significantly stratified by three eGFR categories, which was
consistent with prior observations. We further identified an
additive predictive effect of eGFR on malnutrition, defined
by the GLIM criteria. Given that there was no association be-
tween eGFR categories and the prevalence of malnutrition in
this study, our results might be caused by the additive effect
of impaired renal function on malnutrition.

According to the data from National Institute of Popula-
tion and Social Security Research in Japan, the proportion
of the population aged ≥65 years is estimated to increase
from 26.6% in 2015 to 31.9% in 2030.30 The age of patients
in the present study was higher than that in prior HF
studies, which might reflect the trend of an aging society
in Japan.

The present study has some limitations. (i) The results pre-
sented here are only from a single hospital and the sample
size was relatively small. (ii) We performed the first-line
nutritional risk screening using SGA based on our prior obser-
vations. Replication of our study or evaluation with other
nutritional tools is needed. (iii) We used data on eGFR at hos-
pital admission and did not consider changes in eGFR during
hospitalization and proteinuria. Although the presence of
proteinuria is a strong predictor of mortality, we had no data
in most of our patients. (iv) Measurement bias in arm circum-
ference is potentially present because different cardiologists
or nurses took the measurements.

In conclusion, this study provides prognostic information
that nutrition screening using the GLIM criteria stratified by
renal function could predict 90-day mortality in hospitalized
patients with acute decompensated HF.
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