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Abstract

Aims Malnutrition is common in patients with heart failure (HF) and is associated with poorer quality of life and increased
mortality; however, an effective screening tool for malnutrition and its impact on the readmission of patients with HF is
uncertain. Our objectives were to study (i) the nutritional status of Chinese hospitalized patients with HF and its impact on
readmission and (ii) the validity of seven malnutrition screening tools.
Methods and results In this study, univariate and multivariate analyses of Cox proportional hazards regression were used to
determine important predictors of readmission. The endpoint was readmission due to HF or non-HF. A total of 402 patients
were included (66.4% male, median age 62 years [range: 20–92 years], median NT-proBNP 5,229 ng/L). During a median
follow-up of 159 days, 150 patients (37%) were readmitted to the hospital. After adjusting for confounders, only malnutrition
assessed using the Controlling Nutritional Status (CONUT) nutrition score was independently associated with readmission
(P = 0.0293). A base model for predicting readmission with a C-statistic of 0.680 and subsequent addition of various nutritional
screening tools improved its performance over the base model. Patients with malnutrition had a twofold increased risk of
readmission.
Conclusions We found that the prevalence of malnutrition among hospitalized patients with HF in China is very high and
that malnutrition significantly increases the risk of readmission in these patients. CONUT is a validated screening tool for
malnutrition and may provide valuable prognostic information.
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Introduction

Heart failure (HF) is a multi-faceted and life-threatening syn-
drome that is currently considered an epidemic, with over 64
million cases of HF worldwide.1 Heidenreich et al.2 projected
the cost of HF from 2010 to 2030, predicting increases of 200
and 80% in direct and indirect costs, respectively, with a cor-
responding 25% increase in HF prevalence. Data on the prev-
alence of HF in the Chinese population are scarce. In the
China Hypertension Survey enrolling 22 58 participants, ap-
proximately 13.7 million people aged ≥35 years in China

had HF, accounting for 1.3% of the country’s total
population.3 In addition, HF is characterized by high readmis-
sion and mortality rates. According to statistics, the readmis-
sion rates of patients with HF 30 days and 1 year after dis-
charge are approximately 25 and 70%, respectively,4,5

whereas the 30-day and 1-year mortality rates are 10 and
29%, respectively.6

Despite medical advances, the prognosis of patients with
HF remains very poor.7 Rehospitalization is common because
of worsening HF or non-cardiovascular events. Readmission is
a recognized measure of quality of care and outcomes in HF,
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and these patients with progressive decline in cardiac func-
tion during readmission often experience severe dyspnoea
and fatigue, in addition to a significantly increased the risk
of death.8 This puts medical and economic pressure not only
on patients and families but also on society and the country.
A study found that readmission after discharge in 25% of pa-
tients could be avoided by early risk identification and timely
intervention.9 Nevertheless, readmission has not been exten-
sively studied in the Chinese population. Therefore, reducing
readmission rates, especially in patients with HF, is critical for
quality and fiscally focused hospitals to provide accurate
health interventions.

Malnutrition is defined as the inadequate intake of nutri-
ents, which ultimately leads to changes in body composition,
resulting in reduced body function and worsening clinical
outcomes.10 Recent evidence suggests that malnutrition is
an important poor prognostic factor for cardiovascular
disease.11 The advantage of malnutrition over other clinical
variables is that it is a modifiable risk factor that physicians
can act on.12

Nutrition is the primary source of energy production for
myocardial contractility and to maintaining cardiac efficiency.
Malnutrition is common in patients with HF; a meta-analysis
showed that the prevalence of malnutrition in these patients
ranges from 16 to 90% and is associated with severe disabil-
ity, morbidity, and mortality.13 HF-related malnutrition may
be caused by the following mechanisms: low nutritional in-
take due to intestinal oedema and anorexia,14 hepatic
dysfunction,15 cytokine-induced hypercatabolism,16 and insu-
lin resistance.17 The most severe form of malnutrition is car-
diac cachexia—a state of catabolic failure associated with in-
flammation and neurohormonal activation that is commonly
thought to mediate poor outcomes.18,19 Nutritional interven-
tions may prevent complications and improve the quality of
life of patients.20 Nutritional assessment is the first step in
nutritional therapy, and nutritional screening—to determine
the presence or absence of malnutrition or nutritional risk
in patients with HF using a rapid, accurate approach—is the
primary aspect of nutritional management.

Current guidelines recommend assessing the nutritional
status of patients with HF21; however, there is no gold stan-
dard or scientific consensus on the nutritional assessment
of these patients. In fact, it is believed that malnutrition is
currently under-diagnosed and therefore under-treated. In
the absence of a universally accepted definition of malnutri-
tion and a ‘gold standard’ for its diagnosis, many nutritional
screening and assessment tools have been developed. Sze
et al.22 first performed a comprehensive malnutrition assess-
ment in patients with chronic HF and compared the
short-term prognostic significance of nine commonly used
malnutrition tools, finding that malnutrition measured using
each tool was independently associated with poor prognosis.
To the best of our knowledge, there are few studies on the
impact of nutritional status on prognosis (especially readmis-

sion) in Chinese hospitalized patients with HF, and no study
has yet compared the effectiveness of multiple nutritional
screening tools. Given the diverse population and controver-
sial results, we believe it is critical to explore the impact of
nutritional status on readmission and to determine effective
nutritional screening tools in Chinese hospitalized patients
with HF. We believe that these findings will lead to new ad-
vances in this field.

Our objectives were to study (i) the nutritional status of
Chinese hospitalized patients with HF and its impact on read-
mission and (ii) the validity of seven malnutrition screening
tools.

Materials and methods

Study population

This was a prospective cohort study that employed a conve-
nience sampling method. It included 433 consecutive pa-
tients hospitalized for HF from our hospital between July
2020 and August 2021. Only patients aged 18 years or older
were included. HF was diagnosed according to the recom-
mendations of the Chinese guidelines for the diagnosis and
treatment of HF.23 Cardiac function had to be characterized
by at least one of the following: a left ventricular ejection
fraction (LVEF) of <40%, a plasma B-type natriuretic peptide
(BNP) of >35 ng/L, or a plasma N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) of >125 ng/L. Patients who were
pregnant or had severe chronic liver or kidney disease, auto-
immune or chronic inflammatory disease, or severe cognitive
impairment such as Alzheimer’s disease and psychiatric disor-
ders were excluded. This study complied with the Declaration
of Helsinki and was approved by the Hospital Research Ethics
Committee (No. KYLL-202107-031). Informed consent was
obtained from all the participants prior to any study-related
activities.

Malnutrition evaluation

Based on the description of nutritional screening tools by Sze
et al.,22 seven commonly used tools—categorized into simple
tools and single biochemical assessments—were used in this
study.

The simple tools used were as follows:

i Controlling Nutritional Status (CONUT)

CONUT was developed by Ulibarri et al.24 in 2005 as an inpa-
tient nutritional screening tool combining serum albumin,
cholesterol, and total lymphocyte count, normal nutritional
status: score of 0–1; mild, moderate, and severe malnutri-
tion: scores of 2–4, 5–8, and 9–12.
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ii Geriatric Nutritional Risk Index (GNRI)

GNRI was proposed by Bouillanne et al.25 in 2005 as a nutri-
tional assessment method integrating albumin and body
weight. Unlike NRI, the ideal weight according to the Lorentz
formula. GNRI was calculated using the following formula:
[1.489 × albumin (g/L)] + [41.7 × current weight[kg]/ideal
weight[kg]]. According to the Lorenz formulas,25 we set
weight: height (cm): 100 � ([height (cm) � 150]/4) for men
and height (cm): 100 � ([height (cm) � 150]/2.5) for women,
current body weight/ideal body weight = 1 when current
body weight exceeded ideal body weight,26 normal nutri-
tional status: GNRI >98, mild, moderate, and severe malnu-
trition: GNRI 92–98, 82–91, <82.

iii Prognostic Nutritional Index (PNI)

First proposed by Buzby et al.27 in 1980, it was initially used
to assess the nutritional status of patients and the level of
risk present in gastrointestinal surgery. PNI was calculated
using the formula 10 × serum albumin (g/dl) + 0.005 × total
lymphocyte count (mm3).27 Normal nutritional status: >38;
moderate and severe malnutrition: 35–38, <35. Note that
there is no mild category for the PNI. This may affect the ac-
curacy of the results.

iv Nutritional Risk Index (NRI)

The NRI was originally used by Buzby et al.27 as a nutritional
scoring tool combining albumin and body weight. Specific for-
mula: [1.519 × albumin (g/L)] + [41.7 × current weight[kg]/
ideal weight[kg]]. Ideal body weight was calculated using
the following formula: 22 × square of height in meters,28 nor-
mal nutritional status: NRI ≥ 100, mild, moderate, and severe
malnutrition: NRI 97.5–100, 83.5–97.5, <83.5.

The laboratory tests used were as follows:
Based on a previous study,22 we similarly chose to examine

the predictive value of a single laboratory metric for readmis-
sion based on the components of the CONUT score.

i Serum cholesterol concentration (mmol/L)
According to the CONUT score cut-off, nutritional status: se-
rum cholesterol concentration >4.65, mild, moderate, and
severe malnutrition: serum cholesterol concentration 3.62–
4.65, 2.59–3.61, <2.59.24

ii Serum albumin concentration (g/L)
According to the CONUT score cut-off, nutritional status: se-
rum albumin concentration ≥35, mild, moderate, and severe
malnutrition: serum albumin concentration 30–34, 25–29,
<25.24

iii Serum total lymphocyte count (×109/L)

According to the CONUT score cut-off, nutritional status: se-
rum total lymphocyte count ≥1.6, mild, moderate, and severe
malnutrition: serum total lymphocyte count 1.20–1.59, 0.80–
1.19, <0.80.24

Data collection

The following information was collected within 24 h of the pa-
tient’s admission: (i) basic information: age, sex, New York
Heart Association (NYHA), body mass index (BMI); (2) disease
status: admission heart rate, admission blood pressure, HF
aetiology, Charlson Co-morbidity Index (CCI), medication
use; (iii) laboratory data: serum albumin, glucose, N-terminal
B natriuretic peptidogen (NT-proBNP), serum potassium,
haemoglobin, cholesterol, lymphocyte count, etc.; (iv) ancil-
lary tests: electrocardiogram, echocardiogram. BMI was calcu-
lated for all patients, defined as the body mass (in kilograms)
divided by the square of the body height (in meters). CCI,
a weighted index that explains the presence of 17 co-
morbidities.29

Endpoints and follow-up

The endpoint was readmission due to HF or non-HF. We de-
fined readmission as an unplanned readmission for any rea-
son from the date of discharge, with a length of stay of at
least 24 h, with the patient’s readmission starting from the
date of admission to the hospital to confirm the disease in
days.

Patients were routinely treated for HF during hospitaliza-
tion and discharged with a 6-month telephonic follow-up by
a dedicated investigator with the patient or (if deceased) a
family member. Follow-up visits of approximately 15–20 min
each occurred monthly between August 2020 and November
2021. The date and outcomes of the follow-up (survival, read-
mission, and death) and the date of readmission were
recorded.

We excluded hospital stays that were shorter than 1 day. If
the patient had multiple readmissions, only the first readmis-
sion was considered. The median follow-up time for all pa-
tients was 159 days (IQR, 107–205 days).

Statistical analysis

All the statistical analyses were performed using IBM SPSS/
WIN version 26.0 and R 4.1.1. Measures that conformed to
normal distribution were expressed as mean ± standard devi-
ation, and group comparisons were made using independent
Student’s t-test; measures that did not conform to normal
distribution were expressed as median [M (P25, P75)], and
group comparisons were made using Mann–Whitney U test;
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Table 1 Baseline characteristics of patients with HF

Factor HF patients (n = 402) Readmission (n = 150) No readmission (n = 252) P value

Age (years) 61.78 ± 13.73 63.93 ± 12.59 60.41 ± 14.24 0.022
Sex (male) 267(66.4%) 102(68%) 165(65.5%) 0.704
BP systolic (mm Hg) 125.35 ± 21.53 121.28 ± 21.06 127.77 ± 21.46 <0.001
BP diastolic (mm Hg) 74.85 ± 14.00 73.32 ± 14.01 75.75 ± 13.95 0.074
HR (bpm) 80.07 ± 18.11 84.45 ± 19.32 79.25 ± 7.34 0.206
BMI 25.50 ± 4.49 25.16 ± 4.95 25.70 ± 4.18 0.186
NYHA 0.004

II 113(28.1%) 32(21.3%) 81(32.1%)
III 190(47.3%) 72(48.0%) 118(46.8%)
IV 99(24.6%) 46(30.7%) 53(21.0%)

LVEF (%) 0.182
<40% 259(64.4%) 104(69.3%) 155(61.5%)
40–50% 47(11.7%) 13(8.7%) 34(13.5%)
>50% 96(23.9%) 33(22.0%) 63(25.0%)

First HF episode 298(74.1%) 102(68.0%) 196(77.8%) 0.161
Aetiology of HF 0.082

CHD
218(54.2%) 92(61.3%) 126(50.0%)

DCM
66(16.4%) 22(14.7%) 44(17.5%)

Other types of cardiomyopathy
118(29.4%) 36(24.0%) 82(32.5%)

Co-morbidities

Diabetes mellitus
148(36.8%) 62(41.3%) 86(34.1%) 0.147

Hypertension
217(54.0%) 85(56.7%) 132(52.4%) 0.404

Hyperlipidaemia
22(5.5%) 10(6.7%) 12(4.8%) 0.417

Atrial fibrillation 105(26.1%) 35(23.3%) 70(27.8%) 0.327
CCI 2.34 ± 1.26 2.63 ± 1.39 2.16 ± 1.14 <0.001

Medications
ACEI 19(4.7%) 5(3.3%) 14(5.6%) 0.352
ARB 27(6.7%) 9(6.0%) 18(7.1%) 0.549
ARNI 230(57.2%) 79(52.7%) 151(59.9%) 0.157
ACEI/ARB/ARNI 273(67.9%) 91(60.7%) 182(72.2%) 0.013
BB 341(84.8%) 123(82.0%) 218(86.5%) 0.220
MRA 315(78.4%) 116(77.3%) 199(79.0%) 0.880
ACEI/ARB/ARNI + BB + MRA 212(52.7%) 71(47.3%) 141(56.0%) 0.023
Digoxin 30(7.5%) 7(4.7%) 23(9.1%) 0.116
Diuretic 337(83.8%) 132(88.0%) 205(81.3%) 0.067
Stains 275(68.4%) 102(68.0%) 173(68.7%) 0.892

Laboratory data
log[NT-proBNP] (ng/L) 3.33 ± 0.61 3.55 ± 0.58 3.19 ± 0.59 <0.001
RDW 13.71 ± 1.98 14.04 ± 2.34 13.51 ± 1.70 0.002
HGB 134.30 ± 23.50 127.92 ± 23.05 138.10 ± 22.97 <0.001
NA 141.38 ± 3.50 140.81 ± 3.57 141.72 ± 3.42 0.008
K 4.18 ± 0.48 4.19 ± 0.55 4.18 ± 0.44 0.968
MG 0.90 ± 0.21 0.88 ± 0.11 0.91 ± 0.25 0.271
CR 108.54 ± 77.56 126.68 ± 96.45 97.74 ± 61.44 0.001
CYS-C 1.45 ± 0.67 1.66 ± 0.77 1.33 ± 0.58 <0.001
GLU 6.00 ± 2.31 6.38 ± 2.92 5.77 ± 1.83 0.013

Malnutrition tools
PNI (malnourished) 23(5.7%) 14(9.3%) 9(3.6%) 0.018
GNRI (malnourished) 81(21.1%) 45(30.0%) 36(14.3%) <0.001
NRI (malnourished) 158(39.3%) 71(47.3%) 87(34.5%) 0.006
CONUT (malnourished) 273(67.9%) 126(84.0%) 147(58.3%) <0.001
Cholesterol (malnourished) 314(78.1%) 127(84.7%) 187(74.2%) 0.021
Albumin (malnourished) 56(13.9%) 30(20.0%) 26(10.3%) 0.006
Lymphocyte (malnourished) 221(55.0%) 105(70.0%) 116(46.0%) <0.001

ACEI, angiotensin-converting enzyme Inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor enkephalinase inhibitor;
BB, β-blocker; BMI, body mass index; BP, blood pressure; CCI, Charlson Co-morbidity Index; CHD, coronary heart disease; CR, creatinine;
CYS-C, serum cystatin C; DCM, dilated cardiomyopathy; GLU, glucose; HGB, haemoglobin; HR, heart rate; K, potassium; LVEF, left ventric-
ular ejection fraction; MG, magnesium; MRA, mineralocorticoid receptor antagonist; NA, sodium; NYHA, New York Heart Association clas-
sification; RDW, red blood cell distribution width.
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categorical data are expressed as [n(%)], The chi-square test
was used to compare proportions between groups. A Cox
proportional hazards regression analysis was performed to
identify predictors of readmission and adjust for possible con-
founding factors. Significant variables with P values <0.05 in
the univariate analysis, which were known predictors of read-
mission in patients with HF, were included in the multifacto-
rial analysis.

Time-to-event data are presented graphically using
Kaplan–Meier curves. Log-rank tests were used to compare
survival between groups. To further investigate the relation-
ship between the degree of malnutrition and readmission,
we used a multifactorial analysis to calculated the hazard ra-
tio (HR) for each malnutrition screening tool as a continuous
and dichotomous variable for further prediction analysis.

In addition, to determine which malnutrition screening
tools are more effective predictors of readmission, we created
a common underlying model including age, log [NT-proBNP],
and systolic blood pressure (SBP) and cystatin C (Cys-C) levels;
these variables were all found to be significant predictors of
readmission in the multifactorial analysis. To reduce the
confounding effect of other factors in the underlying model,
we standardized the model so that we could make a fair com-
parison of the prognostic performance of the different malnu-
trition screening tools. We added each screening tools to the
base model and used Harrell’s C-statistic to assess model dis-
crimination in the survival analysis. A C-statistic of 0.5 indi-
cated no discrimination, whereas 1 indicated full discrimina-
tion. The net reclassification improvement (NRI) was used to
determine if whether there were significant differences
between the base model and the models that included differ-
ent malnutrition screening tools. All P values were two-sided,
and values <0.05 were considered significant.

Results

Baseline characteristics

A total of 433 consecutively hospitalized patients with HFwere
included in the study. No patients were lost to follow-up be-
cause we conducted regular telephone follow-up and checked
with the hospital database. A final total of 402 patients were
included for analysis, and we excluded 31 patients who died
without readmission.

Most patients were male and elderly, with a median
NT-proBNP of 5229 (48–63 990) ng/L; more than 70% had se-
vere symptoms (NYHA class III/IV) (Table 1). Those patients
who were readmitted were older, had more severe symptoms
(NYHA class III/IV), and were more likely to be malnourished
at baseline compared with those who did not have a readmis-
sion at 6 months. They also had higher NT-proBNP concentra-

tions, lower admission systolic blood pressure, and more co-
morbidities (Table 1).

Relation between malnutrition and readmission

During the follow-up period, 37% of patients were
readmitted. The clinical variables included in the multivariate
analysis used to predict readmission are shown in Table S1.
All malnutrition screening tools, evaluated separately as bi-
nary and continuous variables in the multivariate analysis,
were found to be significant predictors of readmission in
the CONUT malnutrition screening tools (Table 2). A basic
model (including age, log[NT-proBNP], SBP, and CYSC) pre-
dicted readmission with a C-statistic of 0.680 (Table 3). When
each malnutrition tool was added individually, the model fit
was better, and the C-statistics were all improved compared
to the base model. The two variables with the greatest and
statistically significant improvement in model performance
compared with the base model were: in the simple tool,
the CONUT score (C-statistic = 0.693); and in the single labo-
ratory test, when lymphocyte count was used as a continuous
variable (C-statistic = 0.686).

Kaplan–Meier curves illustrate the relation between mal-
nutrition screening tools and readmission. According to the
CONUT score, patients with at least moderate malnutrition
had twice the readmission risk of non-malnourished patients
(Figure S1). The 6-month readmission rate was much higher
in patients with the worst nutritional status (9.3–84.7%) than
in those with the best nutritional status (3.6–74.2%).

Discussion

To our knowledge, our study is the first comprehensive com-
parison of several common malnutrition screening tools in
Chinese hospitalized patients with HF. The results of this
study showed a very high prevalence of malnutrition (5.7–
78.1%) in Chinese hospitalized patients with HF; this preva-
lence varied depending on the screening tool used. The
pathophysiological mechanism of malnutrition is unclear. A
possible reason is that patients with HF often have decreased
cardiac function, increased peripheral circulatory resistance,
increased pulmonary circulatory pressure, and inadequate or-
gan perfusion, resulting in gastrointestinal stasis. This, in turn,
leads to low nutritional intake and consequent altered sys-
temic basal metabolism increased consumption and high con-
sumption and low uptake, resulting in a high prevalence of
malnutrition.30,31 Malnutrition exacerbates fluid retention
and impaired molecular synthesis in patients with HF, leading
to an irreversible cachectic state.32 Therefore, early identifi-
cation of malnutrition in patients with HF may enable the ini-
tiation of potential treatment to prevent the development of
cachexia. Healthcare providers need to pay attention to and
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intervene in malnutrition in patients with HF; this plays an
important role in preventing deterioration and improving
prognosis.

The findings of our study differ from those of most previous
studies in that we included readmission as a primary outcome
indicator, with the aim of exploring the impact of malnutrition
on readmission in hospitalized patients with HF and screening
for tools that could better predict readmission. Readmission
and death are the two most common adverse prognoses in
patients with HF, and death is the most common outcome in-
dicator in the current study; however, readmission has been
shown in numerous studies to significantly increase the risk
of death.33–36 Therefore, we believe that the use of readmis-
sion as an outcome indicator complements previous studies
by better confirming and building on findings from other HF
cohort studies that malnutrition is a significant predictor of
poor outcomes, either readmission or death.

All patients included in this study had a clear clinical
diagnosis of HF and were discharged after receiving
guideline-directed HF treatment for improvement. After
6 months of follow-up, malnutrition was found to be a valid
predictor of readmission in these patients with HF. In a causal
analysis, we found that malnutrition—as determined by
serum cholesterol level, CONUT score as a continuous vari-

able and total lymphocyte count as a categorical variable—
was associated with readmission. Lim et al.37 found that the
incidence of readmission in older adults at risk for malnutri-
tion was increased by threefold to fourfold. Moreover, the re-
sults of a prospective cohort study showed that malnutrition
was an independent predictor of readmission in older adults,
which is consistent with the results of the present study.
Therefore, healthcare providers should perform nutritional
assessment and monitoring upon admission of patients with
HF and, to reduce readmission, promptly intervene if there
is a risk of malnutrition.

In an analysis of the impact of malnutrition on prognostic
outcomes in patients with HF, we found that malnutrition—
assessed only using the CONUT score and total lymphocyte
count—improved the performance of the base model and
better predicted readmission, although only by a small de-
gree. This may be owing to malnutrition being associated
with variables that form part of the underlying model, such
as increasing age and worsening HF.38 By comparing the base
model and new models, we determined that the CONUT
score and total lymphocyte count were statistically significant
valid predictors of readmission—with the greatest improve-
ment observed with their addition to the base model. In fur-
ther continuous and dichotomous analyses of the screening

Table 2 Multivariable Cox proportional hazards regression analyses of malnutrition tools predicting readmission

HR (95% CI) Wald χ2 P value

Laboratory tests
Albumin (g/L) 1.315(0.671 ~ 2.577) 0.640 0.424
Albumin (malnourished compared with not malnourished) 1.211(0.779 ~ 1.882) 0.723 0.394
Cholesterol (mmol/L) 1.220(1.013 ~ 1.470) 4.410 0.036
Cholesterol (malnourished compared with not malnourished) 1.311(0.829 ~ 2.074) 1.346 0.246
Lymphocyte (×109/L) 1.257(0.893 ~ 1.770) 1.716 0.189
Lymphocyte (malnourished compared with not malnourished) 1.618(1.103 ~ 2.375) 6.052 0.014

Simple tools
CONUT 1.893(1.102 ~ 3.250) 5.336 0.021
CONUT (malnourished compared with not malnourished) 2.183(1.372 ~ 3.472) 10.89 0.001
GNRI 1.556(0.963 ~ 2.512) 3.276 0.071
GNRI (malnourished compared with not malnourished) 1.325(0.897 ~ 1.958) 1.989 0.158
PNI 1.183(0.653 ~ 2.144) 0.314 0.579
PNI (malnourished compared with not malnourished) 1.183(0.653 ~ 2.144) 0.314 0.579
NRI 0.994(0.001 ~ 0.668) 0.001 0.976
NRI (malnourished compared with not malnourished) 1.006(0.704 ~ 1.436) 0.001 0.976

Table 3 Addition of malnutrition tools and its impact on predict readmission

Model C-statistics (95% CI) NRI P value

Base model 0.680(0.639–0.721) - -
Laboratory tests

Base + LYM 0.686(0.645–0.727) 0.2142(�0.0671–0.1866) <0.001
Base + CHO 0.687(0.646–0.729) 0.0094(�0.0450–0.1247) 0.1717
Base + ALB 0.683(0.642–0.724) �0.0106(�0.0433–0.1291) -

Simple tools
Base + PNI 0.682(0.640–0.723) 0.0013(�0.0323–0.0823) 0.2330
Base + GNRI 0.685(0.643–0.728) �0.0229(�0.0849–0.1112) -
Base + NRI 0.681(0.640–0.723) �0.0186(�0.0557–0.1013) -
Base + CONUT 0.693(0.653–0.734) 0.0744(�0.0411–0.2663) 0.0293

ALB, albumin; CHO, cholesterol; LYM, lymphocyte.
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tools, the CONUT score was the best predictor of readmission
regardless of classification; therefore, we considered the
CONUT score to be the most valuable. Currently, biochemical
parameters,39 such as albumin and prealbumin level and BMI,
have long been used individually to evaluate nutritional sta-
tus. However, the value of single nutritional indicators was
not found in this study, and Sze et al.22 found that serum al-
bumin had a prognostic value similar to that of more complex
malnutrition tools when performing laboratory indicator
evaluations. To the best of our knowledge, albumin has also
been shown to be a valid single indicator for predicting pa-
tient mortality outcomes in various other studies; however,
the present study found that albumin was not a valid tool
for readmission, possibly because it was conducted with re-
admission as the primary outcome indicator, which remains
to be validated in more high-quality studies.

This study has several limitations. First, it was a
single-centre study conducted in China with a limited sample
size, which requires further expanded external validation.
Second, some of the patients with HF were treated with
statins, which can influence the cholesterol levels. A recent
study suggests that statin use affects the efficacy of CONUT,40

but previous findings are inconsistent. The results of the pres-
ent study suggest that the effect of statins on CONUT was
less, probably because statins were used in similar propor-
tions in all groups in relation to the indications of patients
with ischaemic heart disease. Further studies on the effect
of statins on CONUT performance are needed in the future.
Finally, this study was only conducted over 6 months, which
is a relatively short period; hence, we cannot comment on
the long-term prognostic significance of malnutrition in pa-
tients with HF. However, studies11,41 have shown that more
than 50% of patients with a first diagnosis of chronic HF in
a real-world Chinese setting do not seek healthcare assis-
tance until they become overly symptomatic; therefore, it is
more clinically relevant to study the 6-month readmission
risk in Chinese patients with HF and more in line with the ac-
tual Chinese national situation.

Conclusions

This study found a very high prevalence of malnutrition
among hospitalized patients with HF in China. Furthermore,

malnutrition as measured using the CONUT malnutrition
tool was a strong predictor of readmission in these pa-
tients. COUNT is a valid tool for predicting readmission.
Therefore, it is necessary for healthcare professionals to
strengthen the detection of poor nutritional status and
to enhance education on healthy eating habits and life-
styles provided to patients with HF, while optimizing
their treatment, to reduce the adverse health effects of
malnutrition.
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