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Background & aims: Although the Global Leadership Initiative on Malnutrition (GLIM) proposed a
consensus scheme for diagnosing malnutrition in adults in clinical settings globally, the prevalence and
prognostic value of malnutrition defined by GLIM criteria have yet to be evaluated in elderly patients
with heart failure. This study aimed to determine the prevalence and prognostic implication of
malnutrition as defined by GLIM criteria in comparison to those for a pre-existing definition of
malnutrition, the geriatric nutritional risk index (GNRI), in elderly patients with heart failure
Methods: We evaluated malnutrition by two metrics, the GLIM criteria and geriatric nutritional risk
index (GNRI), in 890 hospitalized patients with decompensation of heart failure aged �65 years, able to
ambulate at discharge. The primary outcome was all-cause death within 1 year of discharge.
Results: According to GLIM criteria and GNRI <92, 42.4% and 46.5% of participants, respectively, had
malnutrition, with moderate agreement (Cohen's kappa coefficient: 0.46 [95% confidence interval: 0.40
e0.51]). During 1 year of follow-up, 101 (11.4%) deaths were observed, and malnutrition defined by either
the GLIM criteria or GNRI was associated with a higher mortality rate, independent of other prognostic
factors (GNRI: hazard ratio, 1.45, P ¼ 0.031; GLIM: hazard ratio, 1.57, P ¼ 0.016). Although malnutrition
defined by either criterion showed additive prognostic value when added to a model incorporating pre-
existing prognostic factors, defining malnutrition by GLIM criteria instead of the GNRI yielded a statis-
tically significant improvement in model prognostic predictive ability (net-reclassification improvement,
0.44, P < 0.001; integrated discrimination index, 0.013, P < 0.001).
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Conclusions: In elderly patients with heart failure, 42.4% are malnourished according to the GLIM criteria,
which is associated with a poor prognosis, independent of known prognostic factors.
Clinical trial registration: University Hospital Medical Information Network (UMIN-CTR, https://www.
umin.ac.jp/ctr/index.htm, study unique identifier: UMIN000023929)

© 2021 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Malnutrition is associated with prolonged hospital stays and
mortality in patients who require hospitalization [1,2], and several
tools have been developed to evaluate the nutritional status of
patients [3]. Additionally, several groups and societies have pro-
posed a variety of nutritional assessment criteria; however, the lack
of consensus regarding diagnostic criteria for applications in clin-
ical settings renders it difficult to compare the impact of malnu-
trition on patient prevalence and mortality in different populations
[4e6]. Althoughmalnutrition is an important and independent risk
factor for morbidity and mortality in patients with heart failure [7],
its reported prevalence and prognostic implications have varied
widely, mostly due to differences in the tool used for the diagnosis
of malnutrition [3]. Recently, the Global Leadership Initiative on
Malnutrition (GLIM), which engaged several clinical nutrition so-
cieties with global reach, proposed a consensus scheme for diag-
nosing malnutrition in adults in clinical settings on a global scale
[8]. However, the prevalence and prognostic value of malnutrition
as defined by the GLIM criteria have yet to be clarified in elderly
patients with heart failure. Therefore, this study aimed to deter-
mine the prevalence and prognostic implication of malnutrition as
defined by GLIM criteria in comparison to those for a pre-existing
definition of malnutrition, the geriatric nutritional risk index
(GNRI), in elderly patients with heart failure.
2. Materials and methods

2.1. Study design and patient population

We conducted a post-hoc analysis of data from the FRAGILE-HF
cohort study, which included 1332 hospitalized patients with
decompensation of HF aged �65 years, who could ambulate at
discharge. The design and main results of the FRAGILE-HF study
have been published elsewhere [9]. Briefly, the main objective of
the FRAGILE-HF study was to evaluate the prevalence and prog-
nostic impact of multi-frailty domains in elderly patients with heart
failure who required hospitalization. Exclusion criteria were as
follows: (1) previous heart transplantation or treatment with a left
ventricular assist device, (2) on either chronic peritoneal dialysis or
hemodialysis, and (3) acute myocarditis. Patients with missing
brain natriuretic peptide (BNP) or N-terminal-proBNP data, and
patients with a BNP level <100 pg/mL or N-terminal-proBNP level
<300 pg/mL at admission, were also excluded as the diagnosis
could be unclear. Patients with reduced and preserved ejection
fraction were both enrolled. Fifteen hospitals in Japan enrolled
patients from September 2016 to March 2018.

All participants were notified regarding their participation in
the study, and it was explained that they were free to opt-out of
participation at any time. The study was conducted in compliance
with the Declaration of Helsinki and Japanese Ethical Guidelines for
Medical and Health Research involving Human Subjects. Since this
was an observational study without invasive procedures or in-
terventions, written informed consent was not required under the
Ethical Guidelines for Medical and Health Research Involving
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Human Subjects, issued by the Japanese Ministry of Health, Labor,
and Welfare. The study protocol was approved by the ethics com-
mittee of each participating hospital. Study information, including
the objectives, inclusion and exclusion criteria, primary outcome,
and names of the participating hospitals, were published in the
publicly available, University Hospital Medical Information
Network (UMIN-CTR, unique identifier: UMIN000023929), before
the first patient was enrolled.
2.2. Definition of malnutrition according to the GLIM criteria and
GNRI

According to the GLIM criteria, we defined malnutrition using a
two-step approach, as strongly recommended by the GLIM
consensus statement [10]. First, we applied the Malnutrition Uni-
versal Screening Tool (MUST) [11], which is one of the screening
tools recommended by the GLIM consensus paper, to screen for
patients at risk using data obtained before discharge. Patients with
a MUST score �1 were considered at-risk for malnutrition ac-
cording to the two-category criteria. Subsequently, patients at-risk
for malnutrition according to MUST criteria were evaluated using
the GLIM criteria. The GLIM criteria comprise three phenotypic and
two etiological components for the diagnosis of malnutrition, and
at least one criterion from each component must be met to di-
agnose malnutrition. Regarding the phenotypic criteria, we
inquired about body weight changes occurring within the past one
year (which is one of the suggested thresholds), with consideration
of the fluctuations in body weight in patients with heart failure.
Additionally, reduced muscle mass was defined by the appendic-
ular skeletal mass index, measured by a biometric impedance
analysis (BIA) using cutoffs for the Asian populations, as proposed
by the Asian Working Group for Sarcopenia (7 kg/m2 for males and
5.7 kg/m2 for females) [12]. As the safety of performing BIA in pa-
tients with a cardiac implantable electronic device remains an open
discussion, such patients did not undergo BIA and were excluded
from the analysis. Also, BMI<18.5 kg/m2 for age <70 years and
<20 kg/m2 for age >70 years were used as one of the phenotypic
criteria. Regarding the etiologic criteria, all patients are diagnosed
with heart failure, which is listed as one of the diseases associated
with chronic or recurrent mild-to-moderate inflammation.

Patients were prospectively followed up for 1 year after
discharge. After discharge, most patients were followed up in
outpatient clinics at least every 3 months, as well as according to
their medical needs. For those without follow-up visits in our
clinics, prognostic data were obtained from the medical records of
other medical facilities caring for the patient, or from the family, via
telephone interviews.

The GNRI was calculated using the following formula: 1.489 �
serum albumin (g/L) þ 41.7 � (body weight in kilograms/ideal body
weight) [13]. The ideal body weight was calculated using the for-
mula: 22 � the square of the height in meters. We defined a patient
as malnourished if his/her GNRI was <92. The cutoff of 92 was
selected because malnutrition defined according to this cutoff has
been shown to be associated with prognosis in numerous studies on
ity from ClinicalKey.jp by Elsevier on September 14, 
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heart failure, regardless of the left ventricular ejection fraction
[14e16].
2.3. Statistical analysis

Normally distributed continuous variables are expressed as the
mean ± standard deviation, while non-normally distributed vari-
ables are presented as the median and interquartile range. Cate-
gorical variables are expressed as numbers and percentages. The
cohort was classified into groups based on malnutrition according
to the GLIM criteria, as well as according to the GNRI. Group dif-
ferences were evaluated using one-way analysis of variance or the
KruskaleWallis test for continuous variables, and the chi-squared
or Fisher's exact test for dichotomous variables, as appropriate.

Survival was evaluated using the KaplaneMeier method, and
compared with log-rank statistics. The primary outcome was all-
cause death, and the Meta-analysis Global Group in Chronic Heart
Failure (MAGGIC) risk score and (log-transformed) BNP levels at
discharge were used as adjustment variables in the multivariable
prognostic models for the outcome of all-cause death, as the
MAGGIC score is a well-validated risk score for Japanese patients
with heart failure [17]. The MAGGIC risk score is the score based on
13 independent predictors of long-term mortality including age,
gender, systolic blood pressure, LVEF, body mass index, creatinine
level, New York Heart Association class, diabetes mellitus, chronic
obstructive pulmonary disease, current smoker, diagnosis of HF in
the past 18 months, and not taking BB, ACE-I, or ARB. Multiple
imputation was used to take into account missing covariate data in
constructing the multivariable Cox regression models. We created
20 datasets using a chained-equations procedure [18]. Parameter
estimates were obtained for each dataset and subsequently com-
bined to produce an integrated result, using the method described
by Barnard and Rubin [19].

To evaluate the additive prognostic predictive value of the two
malnutrition metrics, we constructed the following three models
for 1-year all-cause mortality: MAGGIC score þ log BNP; MAGGIC
score þ log BNP þ malnutrition defined by the GNRI <92; and
MAGGIC score þ log BNP þ malnutrition defined by the GLIM
criteria. Receiver operator characteristic (ROC) curves, and their
areas under the curve (AUCs), were evaluated, and confidence in-
tervals (CIs) of the AUCs were obtained via bootstrap resampling
(2000 samples). AUCswere compared using theWald test, based on
the empirical standard deviation obtained via resampling (2000
samples). We also calculated the continuous net-reclassification
improvement (NRI) and integrated discrimination index (IDI),
with the corresponding 95% CIs, to evaluate the incremental
prognostic predictive ability of the two malnutrition metrics [20].

A two-tailed p < 0.05 was considered to indicate statistical
significance in all analyses. Statistical analyses were performed
using R version 3.6.3 (R Foundation for Statistical Computing,
Vienna, Austria; ISBN 3-900051-07-0, URL http://www.R-project.
org).
3. Results

Among 1332 evaluated patients registered in the FRAGILE-HF
study, 261 patients were excluded due to missing data on either
body weight changes within 1 year, baseline body mass index
(BMI), or baseline serum albumin level. Additionally, 181 patients
were excluded because they were unable to undergo BIA due to an
implanted cardiac device (e.g. a pacemaker, implantable
cardioverter-defibrillator, or cardiac resynchronization therapy
defibrillator/pacemaker) or simply had missing data. The remain-
ing 890 patients were analyzed. We compared the prognosis
4336

Downloaded for Anonymous User (n/a) at Juntendo Univers
2021. For personal use only. No other uses without permissi
between included and excluded patients, and no difference in
prognosis was observed (log-rank: P ¼ 0.26).

Patient characteristics stratified by malnutrition as defined by
the GLIM criteria and GNRI are shown in Table 1. Overall, 42.4% and
46.5% of participants were defined as malnourished according to
the GLIM criteria and GNRI, respectively. These two malnutrition
metrics showed moderate agreement, with a Cohen's kappa coef-
ficient of 0.46 (95% CI: 0.40e0.51). Malnutrition as defined by the
GLIM criteriawas associatedwith older age, lower BMI, lower blood
pressure, and less frequent history of hypertension. Regarding
biomarkers, lower albumin, creatinine, and sodium levels were
associated with malnutrition as defined by the GLIM criteria. The
associations of malnutrition as defined by the GNRI showed some
similarities to those for malnutrition as defined by GLIM criteria,
but some differences were observed. More frequent New York
Heart Association (NYHA) class III/IV, less frequent history of atrial
fibrillation and diabetes, fewer prescriptions of beta-blockers, and
higher BNP levels were associated with malnutrition as defined by
the GNRI, but not with malnutrition as defined by the GLIM criteria.

The rate of 1-year follow-up completion was 97.9%, and prog-
nostic datawere available for 871 patients. During the 1-year follow
up, 101 (11.4%) deaths were observed, with significantly more
deaths among patients malnourished, as defined by either crite-
rion, than in those without malnutrition (GLIM criteria: 15.3% vs.
8.9%, P ¼ 0.004; GNRI: 16.4% vs. 7.4%, P < 0.001). KaplaneMeier
curves showed a statistically higher event rate in patients
malnourished than in those without malnutrition, by either defi-
nition (GLIM criteria: log-rank P¼ 0.003; GNRI: log-rank P < 0.001)
(Fig. 1). In unadjusted and adjusted Cox regression analyses,
malnutrition as defined by either the GLIM criteria or a GNRI was
significantly associated with a poor prognosis, even after adjust-
ment for the MAGGIC score and log-transformed BNP (Table 2). The
proportional hazards assumption for Cox regression was checked
by an analysis of the scaled Schoenfeld residuals, and no violation
was found for any variables, as well as for the global test of the
whole model, using both the GLIM criteria and GNRI (P > 0.10 for
all). The results of the three planned logistic models for 1-year
mortality are shown in Table 3. AUCs were 0.72 (95% CI: 0.68e0.77),
0.72 (95% CI: 0.68e0.77), and 0.74 (0.68e0.80) for MAGGIC
score þ log BNP, MAGGIC score þ log BNP þ malnutrition defined
by the GNRI, and MAGGIC score þ log BNP þ malnutrition defined
by the GLIM criteria and no significant difference in the AUCs of the
ROC curves was found. However, adding the presence/absence of
malnutrition as defined by either the GNRI or GLIM criteria to the
baseline model was associated with significant NRI, but the IDI was
significant only for malnutrition based on the GLIM criteria and not
the GNRI. Moreover, we found that switching the definition of
malnutrition from the GNRI to the GLIM criteria yielded a statisti-
cally significant improvement in the prognostic predictive ability of
the model (NRI: 0.44, P < 0.001; IDI: 0.013, P < 0.001).

4. Discussion

To the best of our knowledge, the present study is the first to
show that 42.4% and 46.5% of hospitalized elderly patients with
heart failure, who are able to ambulate, aremalnourished according
to the GLIM criteria and the GNRI, respectively. Although these
values are not very different, there was only moderate agreement
between the two metrics of malnutrition. Of note, although
malnutrition defined by either metric was independently associ-
ated with a poor prognosis, malnutrition as defined by the GLIM
criteria was associated with better prognostic prediction compared
to GNRI when it was added to pre-existing prognostic factors.

The reported prevalence of malnutrition and being at-risk of
malnutrition in patients with heart failure varies widely, from 16%
ity from ClinicalKey.jp by Elsevier on September 14, 
on. Copyright ©2021. Elsevier Inc. All rights reserved.
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Table 1
Patient characteristics stratified by malnutrition as defined by the GLIM criteria and GNRI.

Variables GLIM criteria P value GNRI P value

With malnutrition
N ¼ 378

Without malnutrition
N ¼ 512

With malnutrition
N ¼ 414

Without malnutrition
N ¼ 476

Age (years) 82 [75,86] 79 [73,85] 0.001 82 [76,87] 78 [72,84] <0.001
Male sex (%) 217 (57.4) 304 (59.4) 0.603 232 (56.0) 289 (60.7) 0.179
BMI 19.6 ± 3.1 23.7 ± 3.1 <0.001 19.6 ± 2.5 24.0 ± 3.4 <0.001
ASMI (kg/m�2) 6.89 ± 1.58 7.86 ± 1.95 <0.001 6.99 ± 1.77 7.75 ± 1.82 <0.001
NYHA Class III/IV (%) 48 (12.7) 61 (11.9) 0.803 60 (14.5) 49 (10.3) 0.071
Systolic blood pressure (mmHg) 113 ± 17 115 ± 17 0.035 115 ± 17 114 ± 17 0.365
Diastolic blood pressure (mmHg) 61 ± 11 64 ± 11 <0.001 61 ± 11 64 ± 11 <0.001
Heart rate (bpm) 71 ± 14 71 ± 14 0.852 71 ± 14) 71 ± 14 0.939
Heart failure phenotypes (%) 0.533 0.363
HFrEF 157 (41.9) 194 (38.1) 154 (37.4) 197 (41.7)
HFmrEF 64 (17.1) 93 (18.3) 73 (17.7) 84 (17.8)
HFpEF 154 (41.1) 222 (43.6) 185 (44.9) 191 (40.5)

LVEF (%) 45 ± 17 47 ± 16 0.244 47 ± 17 45 ± 16 0.094
Comorbidities (%)
Atrial fibrillation 162 (42.9) 232 (45.3) 0.509 158 (38.2) 236 (49.6) 0.001
Coronary artery disease 127 (33.6) 188 (36.7) 0.373 144 (34.8) 171 (35.9) 0.776
COPD 41 (10.8) 57 (11.1) 0.979 49 (11.8) 49 (10.3) 0.532
Diabetes 128 (33.9) 193 (37.7) 0.269 124 (30.0) 197 (41.4) 0.001
Hypertension 254 (67.2) 388 (75.8) 0.006 293 (70.8) 349 (73.3) 0.441

History of heart failure 0.048 0.240
None 200 (52.9) 230 (44.9) 206 (49.8) 224 (47.1)
Less than 18 months 53 (14.0) 75 (14.6) 65 (15.7) 63 (13.2)
More than 18 months 125 (33.1) 207 (40.4) 143 (34.5) 189 (39.7)

Prescription at discharge (%)
Loop diuretics 214 (56.6) 270 (52.7) 0.280 230 (55.6) 254 (53.4) 0.556
ACE-I/ARB 256 (67.7) 365 (71.3) 0.284 277 (66.9) 344 (72.3) 0.096
Beta blocker 283 (74.9) 386 (75.4) 0.920 295 (71.3) 374 (78.6) 0.015
MRA 36 (9.5) 38 (7.4) 0.317 39 (9.4) 35 (7.4) 0.321

Lab data at discharge
Hemoglobin (g/dL) 11.8 ± 2.0 12.1 ± 2.1 0.109 11.3 ± 1.8 12.5 ± 2.1 <0.001
Albumin (g/dL) 3.4 ± 0.5 3.6 ± 0.5 <0.001 3.2 ± 0.4 3.8 ± 0.4 <0.001
Creatinine (mg/dL) 1.29 ± 0.67 1.41 ± 0.81 0.013 1.39 ± 0.88 1.33 ± 0.64 0.195
BUN (mg/dL) 26 [19,34] 25 [19,35] 0.961 25 [19,34] 26 [19,35] 0.982
eGFR (mL/min/1.73m2) 55 ± 21 53 ± 22 0.091 53 ± 22 55 ± 21 0.177
Sodium (mEq/L) 139 ± 4 140 ± 4 <0.001 140 ± 4 139 ± 4 0.251
BNP (pg/mL) 286 [152,506] 240 [124,456] 0.060 313 [154,563] 233 [117,419] <0.001

Pluseminus values are means ± standard deviation and numbers with square brackets are median and interquartile range. Numbers in brackets are percentage.
ACE-I/ARB, angiotensin converting enzyme inhibitor/angiotensin II receptor blocker; ASMI, appendicular skeletal muscle mass index; BMI, body mass index; BNP, brain
natriuretic peptide; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; GLIM, Global Leadership Initiative on
Malnutrition; GNRI, geriatric nutritional risk index; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction; LVEF, left ventricular ejection fraction MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association.

Fig. 1. KaplaneMeier curves for 1-year all-cause mortality stratified by the presence/absence of malnutrition as defined by (A) the GLIM criteria and (B) GNRI. GLIM, Global
Leadership Initiative on Malnutrition; GNRI, geriatric nutritional risk index.
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Table 2
Unadjusted and adjusted Cox regression analyses for all-cause mortality.

Variables GLIM criteria GNRI

Unadjusted Cox model Adjusted Cox model Unadjusted Cox model Adjusted Cox model

HR 95% CI p value HR 95% CI p value HR 95% CI p value HR 95% CI p value

Malnourishment 1.86 1.28e2.69 0.001 1.57 1.09e2.27 0.016 2.08 1.49e2.94 <0.001 1.45 1.03e2.04 0.031
MAGGIC score (per 1-point increase) 1.11 1.08e1.14 <0.001 1.11 1.08e1.14 <0.001
Log BNP 1.46 1.23e1.73 <0.001 1.43 1.21e1.70 <0.001

BNP, brain natriuretic peptide; CI, confidence interval; GLIM, Global Leadership Initiative on Malnutrition; GNRI, geriatric nutritional risk index; HR, hazard ratio; MAGGIC,
Meta-analysis Global Group in Chronic Heart Failure.

Table 3
Model improvement with the addition of information on malnutrition as defined by the GLIM criteria and GNRI.

S. Hirose, Y. Matsue, K. Kamiya et al. Clinical Nutrition 40 (2021) 4334e4340
to 90% [3,21]. This variation is partially attributable to differences in
the characteristics of the patients included in each study; however,
differences in the criteria used to define malnutrition comprise
another major reason for the variation. Indeed, Sze et al. showed
that the prevalence of malnutrition varied from 8% (using the
Prognostic Nutritional Index [PNI]) to 54% (using the Controlling
Nutritional Status [CONUT]) in the same heart failure cohort,
depending on the tool used to definemalnutrition [22]. Therefore, a
universally accepted definition of malnutrition that has a strong
association with the prognosis is needed for both clinical practice
and scientific research. Moreover, the lack of a universal definition
of malnutrition hampers researchers from comparing the preva-
lence of malnutrition between heart failure and other diseases.
Since GLIM criteria were proposed as a consensus scheme for
diagnosing malnutrition in adults in clinical settings globally,
several previous studies investigated malnutrition based on the
GLIM criteria in patients with diseases other than heart failure. For
example, Fiorindi et al. reported that 42% of patients with inflam-
matory bowel disease who required surgical procedures were
malnourished according to the GLIM criteria [23]. Additionally, 24%
of patients with lung cancer [24] and 25.8% of patients with he-
matologic malignancy [25] were diagnosed with malnutrition by
the GLIM criteria. Although the prevalence of malnutrition in our
heart failure cohort seems higher than that in these other diseases
(reinforcing the importance of malnutrition in patients with heart
failure), the prevalence could still be underestimated, as we did not
include patients with heart failure who were unable to ambulate.
As such patients are likely to be old and have low BMI, the true
prevalence of malnutrition could be even higher. However, this
speculation should be clarified in future studies.

In the present study, we evaluated the prognostic value of
malnutrition as defined by the GLIM criteria and showed its addi-
tive prognostic value over that for pre-existing risk factors. We also
4338

Downloaded for Anonymous User (n/a) at Juntendo Univers
2021. For personal use only. No other uses without permissi
compared the GLIM criteria and the GNRI in terms of prognosti-
cation, and found that applying GLIM criteria to identify those
malnourished might be associated with better prognostic predic-
tion compared to using GNRI when the information was added to
pre-existing risk model. The GNRI is one of the major malnutrition
metrics used to evaluate the nutritional status in several diseases,
including heart failure, and numerous studies have shown that
malnutrition according to the GNRI is strongly associated with
mortality [14e16]. In the present study, we did not compare the
GLIM criteria to other malnutrition metrics, such as the CONUT
score, PNI, and Mini-Nutritional Assessment (MNA), in terms of
prognostication. However, in a study that included 4021 hospital-
ized patients with heart failure [22], the GNRI, in comparison with
the CONUT score and PNI (the GLIM criteria was not evaluated),
showed the best additive prognostic value when added to a base-
line model encompassing known risk factors. The GNRI consists of
two factors: the BMI and serum albumin level. Although albumin is
an important metric of nutrition, its synthesis is regulated by other
factors, including serum oncotic pressure, inflammation, and vol-
ume status, in patients with heart failure. Thus, one possible
explanation for the difference in prognostic value between the
GLIM criteria and GNRI is the multitude of processes in heart failure
that alter the level of albumin, rendering the albumin level as an
unspecific marker of malnutrition. This may be especially true for
patients who require hospitalization due to an exacerbation of
heart failure, in which a number of states other than nutritional
status could alter the serum albumin concentration. For instance,
previous studies have shown an association between hypo-
albuminemia and volume overload in patients with heart failure
[26e28]. This could be supported by our finding that those with
malnutrition defined by GLIM are associated with significantly
lower creatinine levels compared to the levels noted in those
without malnutrition, which was not observed when GNRI was
ity from ClinicalKey.jp by Elsevier on September 14, 
on. Copyright ©2021. Elsevier Inc. All rights reserved.
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used to define malnutrition even though those with malnourish-
ment showed significantly lower BMI in both definitions. Given that
creatinine levels can be low in those with smaller muscle mass,
which is a good indicator of malnutrition, no significant difference
in creatinine levels between GNRI groups may reflect the associa-
tion between lower GNRI and more impaired renal dysfunction. As
albumin can be influenced by many factors, it might not be a good
indicator of nutritional status even though it is associated with
prognosis. Indeed, consensus statements questioned the utility of
albumin as a nutrition assessment tool and this implies that the
validity of using nutrition assessment tools including albumin
especially for patients with heart failure should be taken seriously
[5,6]. As the GLIM criteria do not include the albumin level as a
component, instead using directly measured muscle mass, it might
more specifically reflect the nutritional status, especially in patients
with heart failure, resulting in an additive prognostic value that
cannot be obtained otherwise.

The present study has several limitations. Our study evaluated
limited number of patients and follow-up period was only of one
year. Therefore, our study results, especially the prognostic value of
GLIM criteria compared to GNRI, should be interpreted cautiously
and re-evaluated in the future large-scale study. Data on the pre-
scription of some medications, including dietary supplementation,
was not collected, and only oral medication taken at the time of
discharge was recorded. Second, we evaluated the nutritional sta-
tus only once before discharge, and no information was obtained
regarding changes in nutritional status. Additional assessments of
nutritional indexes during follow-up may provide useful informa-
tion. It is also important to knowwhether dietary supplementation
provides a survival benefit in patients malnourished, but this was
not tested in the present study. Although intervention to malnu-
trition may have a large impact on clinical outcomes, it has been
investigated in several small studies but few large, randomized
trials. Further research is required to determine whether dietary
supplementation can slow the progression of heart failure and
reduce mortality among these patients in adequately powered
randomized clinical trials. The present studywas performed using a
multicenter dataset, but it only included Japanese patients. This
might be relevant as the average BMI is known to be lower in Asian
populations compared to other populations; however, BMI and
appendicular skeletal mass index cutoffs specific for Asian pop-
ulations were proposed in the GLIM consensus report, which were
applied to our cohort to take into account this issue. Nevertheless,
confirmation of the present findings in different populations and
diseases is needed. As volume status can change significantly,
whether the cut-off for body weight reduction proposed for general
population as a component for the diagnosis of malnutrition can be
applicable to patients with heart failure is unknown. We supposed
that the change in body weight occurs in a relatively short-term is
reflecting changes in volume rather than nutritional status, and
body weight changes observed over a longer period is more
appropriately associated with patients' nutritional status. More-
over, relatively small body weight change can easily occur by the
fluctuation of fluid status in patients with heart failure. We,
therefore, used a higher threshold of >10% for 1 year, not >5% for 6
months, to identify body weight reduction more likely to be asso-
ciated with nutritional status. Nevertheless, this point should be
taken seriously as one of the limitations of our study.

5. Conclusion

The present study is the first to demonstrate the prevalence of
malnutrition as defined by a set of proposed universal criteria, the
GLIM criteria. We also evaluated the prognostic implications of
malnutrition based on the GLIM criteria in elderly patients with
4339
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heart failure, and showed that the GLIM criteria provide additive
prognostic predictive ability. As malnutrition is one of the major
fields in heart failure, but has been poorly investigated despite its
strong association with prognosis, the clinically applicable GLIM
criteria may facilitate research in this area, including the develop-
ment of interventions to improve the nutritional status and
(accordingly) the prognosis of patients with heart failure.
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