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Abstract

Aims We aimed to investigate the differences in the prevalence, severity, and prognostic impact of malnutrition between
patients with new-onset heart failure (HF) and worsening of chronic HF.

Methods and results In older (>60 years) hospitalized patients with acute HF, malnutrition was assessed according to the
Geriatric Nutritional Risk Index (GNRI). A score <92 was defined as malnutrition. The primary endpoint was a composite end-
point, including cardiac death or rehospitalization for HF. Among 210 patients, 37% (52/142) of patients with new-onset HF
and 31% (21/68) of patients with worsening of chronic HF had malnutrition (P = 0.41). The GNRI classification was comparable
between the two groups. Kaplan—Meier analysis revealed a significant difference in the incidence of the composite endpoint in
patients with new-onset HF (GNRI < 92 vs. GNRI > 92: 50% vs. 32%, P = 0.007), but not in patients with worsening of chronic
HF (GNRI < 92 vs. GNRI >92: 67% vs. 68%, P = 0.91). The adjusted Cox proportional hazards model demonstrated that a GNRI
of <92 was an independent prognostic factor for the composite endpoint in patients with new-onset HF only.

Conclusions Among older hospitalized patients with acute HF, the prevalence and severity of malnutrition were comparable
between the two categories of patients. Malnutrition was an independent prognostic factor in patients with new-onset HF,
while clinical prognosis was poor in patients with worsening of HF, irrespective of malnutrition. The prognostic impact of
malnutrition differs between new-onset HF and worsening of chronic HF.
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Introduction

Heart failure (HF) is a leading cause of mortality worldwide,
with 64 million people diagnosed.™? Patients with acute HF
are classified into one of two categories, those with
new-onset HF or those with worsening of chronic HF. These
two categories have become recognized as being important
conception, and several large studies have elucidated that
patients with worsening of chronic HF have a higher
proportion of men, with more ischaemic aetiology, and more
co-morbidities, as well as higher rates of mortality and read-
mission compared with those with new-onset HF.3* These

new insights have led to changes in the treatment strategies
for acute HF; however, the underlying mechanisms responsi-
ble for the difference in long-term prognosis between the
two categories are currently unknown.

Malnutrition is a common complication in patients with
HF. Factors associated with HF include loss of appetite, pro-
tein malabsorption due to gastrointestinal oedema, chronic
inflammation, and loss of skeletal muscle mass, all of which
can easily lead to malnutrition.> Malnutrition leads to an
imbalance between catabolic and anabolic conditions, which,
in turn, promotes geriatric conditions such as frailty and
cardiac cachexia. Additionally, malnutrition itself yields worse
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prognosis in patients with HF.® Therefore, we considered it
important to clarify how malnutrition affects patients in each
categories in order to better understand the pathophysiology
of patients with new-onset HF and worsening of chronic HF.
Accordingly, we used the Geriatric Nutritional Risk Index
(GNRI) to investigate the prevalence, severity, and prognostic
impact of malnutrition between new-onset HF and worsening
of chronic HF in patients hospitalized with acute HF.

Methods
Study population and protocol

This was a single-centre, observational study that was con-
ducted using a prospective database.” Patients aged
>60 years who were admitted for acute HF with New York
Heart Association Class Ill or IV at our hospital between
May 2015 and December 2017 were included. We excluded
patients who had malignant disease with a life expectancy
of <1 year (n = 22), had end-stage renal disease requiring di-
alysis treatment (n = 17), and were lost to follow-up for at
least 1 year (n = 11). This study conformed to the principles
outlined in the 1975 Declaration of Helsinki. The study proto-
col was approved by the ethics committee of Kansai Medical
University (No. 20130181) and was registered at the
University Hospital Medical Information Network Clinical Trial
Registry (unique identifier: UMIN0O00013445). All patients
provided written informed consent.

Acute HF was diagnosed according to the Framingham
criteria.® Each patient was only included once in the study.
All patients were prescribed standard therapy drugs for acute
HF, such as loop diuretics, angiotensin-converting enzyme
inhibitors, angiotensin Il receptor blockers, beta-blockers,
spironolactone, and sodium—glucose cotransporter 2, based
on the discretion of the attending physician.

Data collection

The patient characteristics and medical histories were
obtained from the hospital’s medical records. The body mass
index was calculated based on the patient’s height and body
weight upon admission. The New York Heart Association
classification and laboratory parameters of each patient were
collected upon admission. Echocardiography was performed
by a cardiologist upon admission using either a Vivid 7 or
Vivid E9 machine (GE Healthcare, Marlborough, MA, USA),
and standard transthoracic and Doppler echocardiographic
parameters were examined. The left ventricular ejection
fraction was measured using the Simpson method. The oral
medications of patients without in-hospital death upon dis-
charge were collected from the hospital’s medical records.

Assessment of nutritional status

The nutritional status was assessed using the GNRI, which is
an objective and simple measure of nutritional assessment.
The GNRI was calculated using the following formula:
14.89 x serum albumin at admission (g/dL) + 41.7 x body
mass index at admission/22. A GNRI > 98 was considered
normal, while patients with GNRI scores of >92 to <98, >82
to <92, and <82 were at low risk, moderate risk, and severe
risk of malnutrition, respectively. According to a previous
report, patients with a GNRI score <92 were already consid-
ered malnourished.

Endpoint and follow-up

The primary endpoint was a composite endpoint, including
cardiac death or rehospitalization for HF. The secondary
endpoint was cardiac death and rehospitalization for HF.
The incidence of these events was obtained from medical
records or from questionnaires mailed to the hospitals where
the patients attended follow-up appointments. Death certifi-
cates were prepared by two experienced physicians who
were blinded to the endpoint classification. If the physicians
disagreed on the classification of an event, a third party
served as an arbiter.

Statistical analysis

Continuous variables with normal distributions are expressed
as means * standard deviations, data with skewed distribu-
tions are expressed as medians with inter-quartile ranges,
and categorical variables are presented as percentages. The
differences among continuous variables with normal
distributions were analysed using Student’s t-test, while the
Wilcoxon test was used for continuous variables with skewed
distributions. Categorical variables were compared using the
)(2 test. Kaplan—Meier survival analysis illustrated event-free
rates, and log-rank test was used to make comparisons. Uni-
variate and multivariate Cox proportional hazards models
were used to evaluate the prognostic capability of the GNRI.
The adjusted model was selected based on a previous report
(the Acute Heart Failure Database score)® and included age,
sex, atrial fibrillation, diabetes mellitus, serum creatinine,
and B-type natriuretic peptide levels. JMP 14.2.0 software
(SAS Institute Inc., Cary, NC, USA) was used for all statistical
analyses. A P-value <0.05 was considered significant.

Results

Overall, 210 consecutive patients were observed during a
median follow-up of 1.8 vyears (inter-quartile range,
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1.1-2.9 years). Patients with new-onset HF had a significantly
lower incidence of composite endpoints than those with
worsening of chronic HF (39% vs. 68%, P < 0.0001). The
incidence of cardiac death and rehospitalization for HF was
significantly lower in patients with new-onset HF than in
those with worsening chronic HF (16% vs. 31%, P = 0.01;
32% vs. 59%, P < 0.001, respectively).

Patient characteristics

The age, proportion of male sex, and body mass index were
comparable between patients with new-onset HF and
worsening of chronic HF (Table 1). There was no significant
difference in the medical history of the two groups, with
the exception of previous myocardial infarction and previous
cardiac surgery. There was no significant difference in
laboratory parameters, including haemoglobin, serum
creatinine, serum albumin, B-type natriuretic peptide, and
high-sensitive C-reactive protein between the two groups.
The left ventricular ejection fraction was similar between
the two groups. There was no significant difference in the
rate of administration of standard medication for HF treat-
ment at discharge between the two groups, with the excep-
tion of loop diuretics (Supporting Information, Table S7).

Nutritional status

Malnutrition (GNRI < 92) was observed in 35% of the
participants; the prevalence of malnutrition was similar and

Table 1 Patient characteristics

was present in 37% (52/142 patients) of patients with
new-onset HF and 31% (21/68 patients) of patients with
worsening of chronic HF (P = 0.41). The GNRI score was also
similar in patients with new-onset HF (95.3 + 11.8) and
those with worsening of chronic HF (96.8 + 12.2, P = 0.38)
(Figure I1). The severity of nutritional status according to
GNRI classification was not significantly different between
the two groups (new-onset HF vs. worsening of chronic
HF: normal 41% vs. 43%, P = 0.80; low 23% vs. 26%,
P = 0.53; moderate 24% vs. 25%, P = 0.87; and severe
13% vs. 6%, P = 0.13).

Primary endpoint

Patients with a GNRI < 92 had a significantly higher inci-
dence of composite endpoints than those with a GNRI > 92
in patients with new-onset HF (50% vs. 32%, log-rank test
P = 0.007) (Figure 2). However, no significant difference
was observed in the composite endpoint between patients
with a GNRI < 92 and those with a GNRI > 92 in patients
with worsening of chronic HF (67% vs. 68%, log-rank test
P =0.91).

Secondary endpoint

Patients with a GNRI < 92 had a significantly higher inci-
dence of cardiac death and rehospitalization for HF than
those with a GNRI > 92 in patients with new-onset HF
(27% vs. 10% and 38% vs. 28%, respectively) (Figure 3).

New-onset HF (n = 142) Worsening of chronic HF (n = 68) P-value
Age (years) 78 (69-84) 80 (74-88) 0.10
Male 75 (53) 32 (47) 0.43
Body mass index (kg/mz) 22.8 (20.7-25.7) 23.0 (20.0-25.7) 0.76
NYHA Class IV 94 (66) 43 (63) 0.67
Medical history
Hypertension 73 (51) 36 (53) 0.84
Diabetes mellitus 48 (34) 30 (44) 0.15
Past smoking 72 (51) 31 (46) 0.49
Atrial fibrillation 58 (41) 37 (54) 0.06
Previous myocardial infarction 23 (16) 25 (37) <0.001
Previous cardiac surgery 3(2) 24 (35) <0.0001
Laboratory parameters
Haemoglobin (g/dL) 11.2 (9.8-13.3) 10.9 (9.5-12.5) 0.14
Serum creatinine (mg/dL) 1.1 (0.8-1.7) 1.3 (0.9-1.7) 0.13
Serum albumin (g/dL) 3.4 (3.1-3.8) 3.5(3.2-3.8) 0.22
BNP (pg/mL) 761 (414-1338) 818 (389-1593) 0.78
High-sensitive CRP (mg/dL) 0.70 (0.23-2.40) 0.93 (0.24-3.03) 0.48
LVEF (%) 47 (31-65) 47 (30-61) 0.48
LVEF < 50% 74 (52) 37 (54) 0.75

BNP, B-type natriuretic peptide; CRP, C-reactive protein; HF, heart failure; LVEF, left ventricular ejection fraction; NYHA, New York Heart

Association.

Data are presented as median (25th to 75th percentiles) or number (%).
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Figure 1 Nutritional status between new-onset heart failure (HF) and worsening of chronic HF according to Geriatric Nutritional Risk Index (GNRI). (A)
Comparison of GNRI; no significant difference was observed between the two groups. (B) Distribution of GNRI classification. Patients with GNRI scores
of >98, >92 to <98, >82 to <92, and <82 correspond to normal, low risk, moderate risk, and severe risk of malnutrition, respectively. No significant
differences were observed between the two groups. The blue bar indicates patients with new-onset HF, and the red bar indicates patients with wors-

ening of chronic HF.
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Figure 2 Kaplan—Meier analysis of patients who did not reach a composite endpoint, including those with cardiac death or rehospitalization for heart
failure (HF). (A) Patients with new-onset HF; (B) patients with worsening of chronic HF. The red line indicates patients with Geriatric Nutritional Risk

Index (GNRI) >92, and the blue line indicates patients with GNRI < 92.
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However, no significant differences were observed in car-
diac death and rehospitalization for HF between patients
with worsening of chronic HF with a GNRI < 92 and
those with a GNRI > 92 (40% vs. 28% and 57% vs. 60%,
respectively).

Prognostic value of the Geriatric Nutritional Risk
Index

The Cox proportional hazards model revealed that a GNRI < 92
was associated with a 1.9-fold increased risk of composite
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Figure 3 Kaplan—Meier analysis of patients who experienced cardiac death and rehospitalization for heart failure (HF). (A, C) Patients with new-onset
HF; (B, D) patients with worsening of chronic HF. The red line indicates patients with Geriatric Nutritional Risk Index (GNRI) >92, and the blue line

indicates patients with GNRI < 92.
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Table 2 Cox proportional hazards model for composite outcome
Unadjusted Adjusted®
HR 95% Cl P-value HR 95% ClI P-value
Patients with new-onset HF
GNRI < 92 2.05 1.20-3.49 <0.01 1.90 1.08-3.35 0.026
Patients with worsening of chronic HF
GNRI < 92 0.96 0.51-1.81 0.91 0.69 0.35-1.36 0.28

Cl, confidence interval; GNRI, Geriatric Nutritional Risk Index; HF, heart failure; HR, hazard ratio.
‘Adjusted for age, sex, atrial fibrillation, diabetes mellitus, serum creatinine at admission, and B-type natriuretic peptide at admission.

endpoint in patients with new-onset HF adjusted by age, sex,
atrial fibrillation, diabetes mellitus, serum creatinine at admis-
sion, and B-type natriuretic peptide at admission (Table 2).

Conversely, no association was shown between a GNRI < 92
and the incidence of composite endpoint in patients with wors-
ening of chronic HF in the unadjusted and adjusted model.
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Discussion

This study demonstrated several important findings. First, the
prevalence and severity of malnutrition according to the GNRI
were comparable between new-onset HF and worsening of
chronic HF. Second, during a median follow-up period of
1.8 years, patients with worsening of chronic HF had a signifi-
cantly higher incidence of composite endpoints, cardiac death,
and rehospitalization for HF compared with those with
new-onset HF. Third, malnutrition was an independent prog-
nostic factor for worse clinical outcomes, including cardiac
death or rehospitalization for HF in patients with new-onset
HF; however, this association was not identified in patients with
worsening of chronic HF. Our study found that the rate of mal-
nutrition in patients with new-onset HF was as high as that in
patients with worsening of chronic HF. Moreover, malnutrition
may be a prognostic factor for the early phase of HF but may
not be a strong determinant in patients with advanced HF.
Malnutrition is a long-term prognosticator and common
complication in patients with acute HF.X° In patients with
acute HF, poor nutritional status results from multidimen-
sional factors such as loss of appetite, malabsorption due to
intestinal oedema, high-energy demand, and cytokine-
induced hypercatabolism.** Earlier detection and initiation
of treatment intervention for malnutrition during hospitaliza-
tion with acute HF is crucial for improving long-term clinical
outcomes. Body mass index is one of the most common prog-
nostic factors for reflecting nutritional status, but its predic-
tive value is insufficient in patients with HF.}> GNRI
emerged as a simple and useful nutritional scoring system
consisting of serum albumin level, true body mass index,
and ideal body mass index.*® A previous single-centre retro-
spective study has identified that a GNRI < 92 was an inde-
pendent prognostic factor for all-cause death in patients
aged >65 years who were hospitalized for acute HF.**
Additionally, the GNRI showed the greatest risk stratification
capacity among other indicators, including body mass index,
serum albumin level, lymphocyte count, and total choles-
terol. Sze et al. have elucidated the prognostic capacity of
nutritional scoring systems for all-cause mortality in patients
with chronic HF.®® As a result, in their baseline model (age,
sex, diastolic blood pressure, heart rate, New York Heart As-
sociation classification, urea, log N-terminal pro-B-type natri-
uretic peptide, history of cerebrovascular disease, and history
of peripheral vascular disease), addition of body mass index
alone did not improve risk stratification performance of the
basal model. By contrast, the GNRI showed the greatest in-
cremental value in predicting clinical outcomes compared
with other nutritional scoring systems. Because clinical pa-
rameters such as laboratory, physiological, and body compo-
sition measurements fluctuate during the acute phase of HF,
evaluation of nutritional status using GNRI may not precisely
reflect true nutritional status. In our study, body mass index
and laboratory and echocardiographic parameters on

admission were comparable between patients with new-
onset HF and worsening of chronic HF. As multi-time point
nutritional evaluation may be more favourable, further inves-
tigation of the optimal assessment method of nutritional
status is warranted in patients with acute HF.*®

One of the key questions from our study is why was there
no association between malnutrition and long-term progno-
sis in patients with worsening of chronic HF? This may be ex-
plained by the fact that patients with worsening of chronic HF
have long-term exposure to HF. Indeed, previous studies
have shown that this long-term exposure is closely linked to
not only cardiac dysfunction, including myocardial remodel-
ling and low cardiac output, but also the frailty cycle, includ-
ing physical inactivity, exercise intolerance, increased insulin
resistance, decreased growth hormone secretion, and
neurohormone regulatory dysfunction due to systemic
congestion.>*® However, in the current study, the left
ventricular ejection fraction was comparable between the
two groups. Accordingly, differences in the effects of
malnutrition on long-term prognosis between patients with
new-onset HF and worsening of chronic HF may be related
to differences in frailty progression. Because of the lack of ev-
idence, further studies are needed to elucidate the clinical
implications of frailty among patients with new-onset HF
and worsening of chronic HF.

A DPC-based nationwide study found that 52% of patients
had new-onset HF. They also suggested that patients with
worsening of chronic HF had a significantly higher incidence
of composite endpoints, including all-cause death and rehos-
pitalization for HF, than those with new-onset HF during a
4 year observational period.* Another large trial reported that
27% of patients had new-onset HF, and patients with worsen-
ing of chronic HF had increased 180 day mortality compared
with those with new-onset HF; our findings are in line with
those of this previous study. However, the ratio of two catego-
ries of patients with acute HF varies widely by study because of
differences in country, demographic characteristics, definition,
and data capture.’” According to Global REPORT-HF (Interna-
tional Registry to Assess Medical Practice with Longitudinal
Observation for Treatment of HF), the rates range from 20%
in North America to 79% in Southeast Asia.'® Our research is
a single-centre study, and it is natural that the ratio of
the two categories differs from that of the nationwide study.

The potential implications of the two categories for demo-
graphic characteristics and long-term prognosis in patients
with acute HF have not been well studied. However, the num-
ber of cases of new-onset HF is increasing annually, and it is
necessary to carry out therapeutic intervention and risk strat-
ification while being aware of the differences between the
two categories.?®?° Based on our study, nutritional interven-
tion targeted to patients with new-onset HF has the potential
to provide better clinical outcome compared with patients
with worsening of chronic HF. Future research is warranted
to clarify the difference in clinical prognoses and treatment
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response for geriatric conditions, including frailty and cardiac
cachexia between patients with new-onset HF and worsening
of chronic HF.

The current study has two limitations. First, the study
population was relatively small, and the study itself was
conducted in a single centre; thus, our findings need to be
confirmed in a larger population. However, the prevalence
of cardiac events in patients with new-onset HF and worsen-
ing of chronic HF in our study was consistent with that re-
ported in previous large trials.>* This is the first study to
investigate the influence of malnutrition on long-term clinical
outcomes according to differences in HF duration. Second,
our study has the potential for patient treatment bias as
the treatment strategy used during hospitalization was at
the discretion of the attending physician; thus, older patients
with greater co-morbidities might have avoided interven-
tional treatment. However, no significant difference in the
rate of guideline-recommended optimal medical therapy
was observed between the two groups.

In patients aged >60 years who were hospitalized for acute
HF, the prevalence and severity of malnutrition were compa-
rable between those with new-onset HF and worsening of
chronic HF. Malnutrition was an independent prognostic
factor in patients with new-onset HF, but not in those with
worsening chronic HF. It is important to be aware of the
differences between the categories of new-onset HF and
worsening of chronic HF when treating acute HF.
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