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Prognostic significance of preoperative @
nutritional status for heart transplantation
patients

Dingyi Yao'", Shirui Qian'", Li Xu', Lin Fan', Fei L', Si Chen", Jiawei Shi"" and Nianguo Dong'"

Abstract

Background The association between malnutrition and outcomes of heart transplantation (HTx) has not been well
studied. The purpose of this article was to evaluate the prognostic value of three different nutrition indices in HTx,
including CONUT (Controlling Nutritional Status), NRI (Nutritional Risk Index) and GNRI (Geriatric Nutritional Risk
Index).

Methods A total of 438 patients who underwent THx from January 2015 to December 2020 were included in this
study. The nutritional status of the patients was evaluated by CONUT, NRI and GNRI. Kaplan-Meier (KM) curves were
constructed to compare the difference in overall survival (OS) between the normal and malnutrition groups in each
index. Cox regression analysis was used to identify the independent risk factors of OS. The predictive power was
compared by time-dependent ROC and time-dependent ccurves. Logistic regression model was used to evaluate the
relationship between these three nutrition indices and postoperative clinical events.

Results 336 (76.7%), 183 (43.8%), and 190 (43.4%) patients had malnutrition according to CONUT, NRI and GNRI
calculations. 102 (23.3%) patients had died at the end of follow-up. After adjustment for confounding variables,
multivariate Cox analysis showed that CONUT [HR 1.286 (95%Cl 1.166~1.419); p <0.001], NRI [HR 0.942 (95%Cl
0.923~0.962); p<0.001] and GNRI [HR 0.959 (95%Cl 0.939 ~0.979); p < 0.001] were all independent predictors for OS.
The predictive power of CONUT score was higher than that of NRI (p=0.045) and GNRI (p <0.001). Regarding the
postoperative complications, multivariate logistic regression model showed that malnutrition assessed by CONUT [HR
1.156 (95%Cl 1.032~1.294); p=0.012] and NRI [HR 1.543 (95%Cl 1.008 ~ 2.362), p=0.046] was independent risk factors
for posttransplant infections.
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Conclusion Poor nutritional status, as assessed by CONUT, NRI and GNRI, was associated with an increased risk of
mortality after HTx. CONUT displayed the highest predictive power compared to the other two indices. CONUT and
NRI were also independently associated with posttransplant infections.

Keywords Malnutrition, Heart transplantation, Prognosis, Infection

Introduction

Heart transplantation (HTx) is the most effective and reli-
able treatment for end-stage heart failure [1]. The median
survival of adult patients after HTx has exceeded 12 years
and this has increased to 14.8 years among 1-year survi-
vors [2]. There are numerous factors affecting the prog-
nosis of HTX, including preoperative status, perioperative
procedures, and postoperative events. Particularly, it is of
great importance to investigate peri-operative risk factors
that can be changed by timely clinical interventions to
improve outcomes.

Malnourishment in advanced heart failure is frequent
and may be secondary to an increased systemic inflam-
matory response, congestive gastropathy leading to a
protein-losing enteropathy, and heightened levels of cir-
culating catecholamines. Such patients have a higher
prevalence of comorbid conditions, such as fluid and
electrolyte disorders and coagulopathy, which could con-
tribute to worse outcomes [3]. Moreover, preoperative
hypoalbuminemia is strongly associated with 1-year mor-
tality in patients undergoing HTx [4]. Despite the impor-
tance of nutrition, it is challenging to objectively evaluate
the nutritional status of patients with easily measurable
parameters [5]. To date, there have been several objec-
tive and simplified nutritional indices proposed such as
CONUT (Controlling Nutritional Status), NRI (Nutri-
tional Risk Index) and GNRI (Geriatric Nutritional Risk
Index) [6—8]. And these indices have been used to evalu-
ate nutrition status of hospitalized patients [9-11]. These
three indices have been reported to be independent prog-
nostic indicators in patients with some diseases, such as
carcinoma, coronary artery disease, and acute myocar-
dial infarction [8, 12, 13]. Moreover, the prognostic value
of the NRI in HTx has been reported in the previous lit-
erature [14]. It showed that patients with lower NRI had
significantly higher 1-year post-HTx mortality and inci-
dence of postoperative complications. However, the ope-
artion of the subjects were performed between 1994 and
2014, so the result might be impacted by limited health
technologies. In addition, it remains unclear whether the
other two indices could be used to predict outcomes in
patients undergoing HTx and which index would work
best.

Accordingly, this study aimed to analyze the prognostic
value of the above nutrition scores in patients undergoing
HTx in terms of overall survival (OS) and postoperative
complications.

Methods

Patients

In this study, we retrospectively analyzed patients who
received HTx at Wuhan Union Hospital from January
1st, 2015, to December 31st, 2020. Exclusion criteria
included multiple organ transplantation, retransplanta-
tion, patients younger than 18 years, patients with pre-
operative active infections and recipients with missing
data. A total of 438 HTx patients were finally enrolled.
The study protocol was approved by the Ethics Commit-
tee of Tongji Medical College of Huazhong University
of Science and Technology. The protocol was conducted
in accordance with the principles of Declaration of Hel-
sinki. Informed consent was obtained from all patients
and from legally authorized representatives/next of kin
for dead patients. All methods were carried out in accor-
dance with relevant guidelines and regulations.

Follow-up

The follow-up information of all survivors was gathered
by clinical visits or telephone contact. OS was regarded
as the time interval from operation to death or last con-
tact. The follow-up was finished as of October 2nd, 2021.

Clinical variables

All patients’ data were reviewed for demographic infor-
mation about the recipients and donors, including age,
sex, blood type, body mass index (BMI) and diagnosis.
Moreover, the recipients’ information also included a
history of smoking, diabetes mellitus, previous cardiac
surgery, left ventricular ejection fraction (LVEF), mean
pulmonary pressure, systolic blood pressure and waiting
time. The preoperative therapy data included implantable
intra-aortic balloon pump (IABP), extracorporeal mem-
brane oxygenation (ECMO), renin-angiotensin-aldo-
sterone system (RAAS) antagonist, beta-blockers (BB),
calcium channel blocker (CCB) and diuretics. Preopera-
tive blood biochemical indices included white blood cell
count (WBC), hemoglobin (Hb), albumin, glutamic oxa-
loacetic transaminase (AST), creatinine (Cr), bilirubin,
triglyceride (TG), low density lipoprotein (LDL), and tro-
ponin. All preoperative hematological and biochemical
indicators used in the analysis were the closest available
to the date of HTx.

Postoperative clinical events
We compared several postoperative clinical events
between normal and malnutrition grouped according to
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CONUT, NRI and GNR], including total postoperative
stay time, infection, pericardial effusion, neurological
complications, kidney injury, liver injury, acute rejec-
tion and in-hospital death. Among these, postopera-
tive infection was defined as any infection proven by a
microbiological isolate and requiring intravenous anti-
biotic treatment during the post-HTx hospital stay. A
prolonged total postoperative stay time was defined as
longer than the mean of the total postoperative stay time.

Definition and of nutritional indicators
The definitions of NRI, GNRI and CONUT were as
follows:

NRI=1.519xserum albumin (g/L)+41.7 X (actual body
weight [kg]/ideal body weight [kg]) [14]. Patients were
divided into four groups according to their malnutrition
risk: no nutritional risk: normal (NRI>100), mild nutri-
tional risk (NRI 97.5-100), moderate nutritional risk
(NRI 83.5-97.5), and severe nutritional risk (NRI<83.5).

GNRI=1.489xserum albumin (g/L)+41.7 X (actual
body weight [kg]/ideal body weight [kg]) [8]. Patients
were divided into four groups according to their malnu-
trition risk: no nutritional risk (GNRI>98), mild nutri-
tional risk (GNRI 92-98), moderate nutritional risk
(GNRI 82-91), and severe nutritional risk (GNRI<82).

The CONUT score was calculated using the serum
albumin concentration, peripheral lymphocyte counts
and the total cholesterol concentration, as described in
Schedule 1. [6] Patients were divided into four groups
according to their malnutrition risk: no nutritional risk
(CONUT 0-1), mild nutritional risk (CONUT 2-4),
moderate nutritional risk (CONUT 5-8), and severe
nutritional risk (CONUT 9-12).

Statistical analysis

In this study, Continuous variables are presented as
the meanztstandard deviation or median [interquartile
range], while categorical variables are presented as per-
centages. The Shapiro-Wilk test was used to determine
the type of distribution of the continuous variables. The
baseline characteristics of normal and malnutrition were
compared using Pearson’s chi-square test for categori-
cal variables and the Mann-Whitney U rank sum test
for continuous variables, which were tested and found
to have a nonnormal distribution. Venn diagrams were
utilized to illustrate the relationship between the three
nutritional indices. The Pearson’s correlation coefficients
(r) were calculated as a measure of linear association
among the three nutritional indices. Survival analysis was
generated with the Kaplan-Meier (KM) method. Survival
curves were compared using the log-rank test. The Cox
proportional hazards model was used to identify inde-
pendent predictors of OS. We first conducted a univari-
ate analysis, and then conducted multivariate analysis to
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adjust for potential confounders. The receiver operating
characteristics (ROC) curve and time-dependent areas
under receiver operating characteristic curves (AUC)
curve were utilized to compare the predictive power
of CONUT, NRI and GNRI. Delong’s test was used to
compare the AUCs of two ROC-curves. In addition, we
employed univariate and multivariable logistic regression
to identify the predictors of postoperative clinical events.
A two-tailed p-value of <0.05 was considered statistically
significant. The statistical analysis was performed with
SPSS 23.0, Graphpad prism 8.4.2 and R-software v.4.2.1.

Results

Clinical characteristics

Our study enrolled 438 participants who met the inclu-
sion criteria (Fig. 1). A total of 344(78.5%) men and
94(21.5%) women were included in this study, with a
mean age of 48 (range, 18-70) years. Among all patients,
274(62.5%) patients were diagnosed as non-ischemic
cardiomyopathy, 89(20.3%) patients were diagnosed as
ischemic cardiomyopathy, 16(3.7%) were diagnosed as
congenital heart disease, and 59 (13.5%) were diagnosed
as other heart diseases (valvular cardiomyopathy and
arrhythmic cardiomyopathy). At the end of follow-up,
102 (23.3%) patients had died and 336(76.7%) patients
were alive.

Prevalence and clinical associations of malnutrition

The histogram curves of CONUT, NRI and GNRI distri-
bution were shown in Fig. 2. The percentage of patients
with malnutrition varied from 76.7% with the CONUT
score, to 43.8% with the NRI, and to 43.4% with the GNRL
By CONUT, NRI and GNRI calculations, 93 (21.2%),
134 (30.6%), and 100 (22.8%) patients had moderate to
severe malnutrition, respectively. 159 (36.3%) were clas-
sified as malnourished (any degree of malnutrition) by
all 3 scores, and only 81 (18.5%) were not malnourished
by any score (Fig. 3). In addition, all malnutrition scores
were correlated with each other (CONUT vs. NRI: r =
-0.4068; CONUT vs. GNRI: r = -0.3950; NRI vs. GNRL
r=0.9644) (Fig. 4).

We then compared the clinicopathological characteris-
tics of patients with normal nutritional status and those
with malnutrition classified by CONUT, NRI or GNRI
(Table 1). The results showed that patients with high
CONUT scores had more proportion of previous cardiac
surgery (p=0.012), less RAAS antagonist use (p<0.001),
lower preoperative Hb (p<0.001), WBC (p=0.009),
serum albumin (p<0.001) and LDL (p<0.001) and higher
bilirubin (p=0.001). The low NRI group had a lower pro-
portion of male (p=0.015), diabetes mellitus (p=0.003)
and RAAS antagonist use (p=0.003), more proportion
of previous cardiac surgery (p=0.020), and lower systolic
blood pressure (p=0.005), preoperative Hb (p<0.001),
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heart transplantation performed in 2015-2020
N =568
excluded:
1.age < 18 (N=76)
2. retransplantation (N=2)
3.data missing (N=52)
study cohort
N=438
normal patients malnutrition patients
N=102 by CONUT N=336 by CONUT
N=255 by NRI N=183 by NRI
N=248 by GNRI N=190 by GNRI
overall survial postoperative clinical events
Fig. 1 Inclusion and exclusion criteria
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Fig. 2 Histogram plot of CONUT (a), NRI (b) and GNRI (c). CONUT, controlling nutritional status; NRI, nutritional risk index; GNRI, geriatric nutritional risk
index
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N=93(21.2%)
N=0
NRI " GNRI

N = 134 (30.6%) N =100 (22.8%)

Fig. 3 Venn diagram of malnutrition risk assessed by the 3 nutritional scores. Any degree (a) and moderate to severe (b) malnutrition risk according to
each nutritional score. CONUT, controlling nutritional status; NRI, nutritional risk index; GNRI, geriatric nutritional risk index
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Fig. 4 The relationship between CONUT, NRI and GNRI. (a) The correlation between CONUT and NRI; (b) The correlation between CONUT and GNRI; (c)
The correlation between NRI and GNRI. CONUT, controlling nutritional status; NRI, nutritional risk index; GNRI, geriatric nutritional risk index

serum albumin (p<0.001) and LDL (p=0.001). What’s
more, the low GNRI group had a lower proportion of
male (p=0.001), diabetes mellitus (p<0.001) and RAAS
antagonist use (p=0.002), more previous cardiac surgery
(p=0.024), lower systolic blood pressure (p<0.001), pre-
operative Hb (p<0.001), serum albumin (p<0.001) and
LDL (p=0.007).

Correlations of preoperative nutritional status with OS

The KM survival curve showed that CONUT, NRI
and GNRI were all significantly associated with OS
(Fig. 5, CONUT, p<0.0001; NRI, p<0.0001; and GNR],
p=0.0036). When calculated by CONUT, 1-year OS
rates in the normal and malnutrition patients were 94.5
and 90.0%, and 5-years OS rates in the normal and mal-
nutrition patients were 80.3 and 69.4%. When calculated
by NRI, 1-year OS rates in the normal and malnutrition
patients were 88.6 and 76.6%, and 5-years OS rates in the
normal and malnutrition patients were 78.4 and 64.7%.
When calculated by GNRI, 1-year OS rates in the nor-
mal and malnutrition patients were 86.3 and 79.2%, and
5-years OS rates in the normal and malnutrition patients
were 80.0 and 67.5%.

Then, Cox regression model was used to evaluate the
association between three nutritional indices and OS.
Firstly, the nutritional indices were treated as continu-
ous variables. In univariate analysis, CONUT (HR 1.432,
95% CI 1.080~1.899, p=0.001) was associated with
OS, and the same was true for NRI (HR 0.934, 95% CI
0.916 ~0.952, p<0.001) and GNRI (HR 0.948, 95% CI
0.929 ~0.967, p<0.001) (Schedule 2). Regarding patient
factors, age (HR 1.031, 95% CI 1.013~1.050, p<0.001)
and history of smoking (HR 0.634, 95% CI 0.417 ~0.963,
p=0.033) was significantly associated with OS. Regard-
ing preoperative blood index, Hb (HR 0.989, 95% CI
1. 0.982~0.996, p=0.003) and TG (HR 0.661, 95% CI
0.411~0.908, p=0.015) were significantly associated
with OS. In addition, preoperative IABP (HR 4.337, 95%
CI 1.589~11.837, p=0.004) and RAAS antagonist (HR
0.630, 95% CI 0.418 ~0.950, p=0.027) were also signifi-
cantly associated with OS. The results of multiple Cox
regression analysis showed that CONUT (HR 1.286,
95% CI 1.166—1.419, p<0.001), NRI (HR 0.942, 95%
CI 0.923~0.962, p<0.001) and GNRI (HR 0.959, 95%
CI 0.939~0.979, p<0.001) were all independent prog-
nostic factors for OS. (Table 2) The other independent
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Table 1 (continued)

Measured by GNRI

Measured by NRI
Normal (> 100)

Measured by CONUT

p

Malnutrition
(<98)

pvalue Normal (=98)

p value Malnutrition
(<100)

Malnutrition

(=2)

Normal (<1)

value
0.142
0.144
0.860
0.107
0470

45364+5946.3
1294+67.1
352+120
30(16.0)

3647.2+4687.2

0.114

5054.5+6645.2
1262+704

354+1

3958.2+4325.1
160.4+106.2
354+120

31(11.8)

0.153
0.661

47783+6320.5
148.8+100.2

3

38454447053
1589+103.7
36.1+£12.7
93(83.0)

ProBNP, pg/mL
6MWT, m
Age, years
Male (%)

+1079

354+120
27(10.8)

161.1

0.154
0.996
0.358
0.894
0488

1.9

0475

51+117

Donor

26(14.9)

0.153
0.597

287(88.3)

3306+107.1
153(81.4)
1.1£0.2

08+04

338.1+£1074
209(83.6)
09+0.2
08+04

334.1+£104.2
142(80.7)
1.1£0.2
08+04

3355+£1094
220(84.0)
0.9+0.2

3333+1084
273(83.7)
1.0£0.2
0.8+03

3396+1039
88(78.6)

Ischemia time, min

0421

0.358

Blood-type same (%)

Recipient/donor

<0.001
0.524
0.006

<0.001
0.376
0.127

0.018

1.0£0.2
08+

Donator/recipient BMI

08+04

0.520
0.159

04

Donator/recipient age

(2024) 24:563

Recipient/donator sex

118(63.1)
15(8.0)

192(76.8)
19(7.6)

114(65.1)
14(8.0)

196(74.8)
20(7.6)

232(71.4)
20(6.2)

78(69.6)

male/male (%)

14(12.5)

15(13.4)
5(4.5)

male/female (%)
female/male (%)

39(20.9)
15(8.0)

31(124)
8(3.2)

35(20.0)

12(6.9)

BMI, body mass index; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; ICD, Implantable cardioverter-defibrillator; CRTD, cardiac resynchronization therapy defibrillator; RAAS, renin-

angiotensin-aldosterone system; BB, beta-blockers; CCB, calcium channel blockers; Hb, hemoglobin; WBC, white blood cell count; AST, glutamic oxaloacetic transaminase; ALT, alanine aminotransferase; LDL, low density

lipoprotein; TG, triglyceride; BNP, B-type natriuretic peptide; 6MWT, 6-minute walking test

35(13.4)
11(4.2)

55(16.9)
18(5.5)

female/female (%)
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prognostic factors were age, history of smoking and pre-
operative IABP use.

Furthermore, we also included the three indices as cat-
egorical variables (normal vs. malnutrition) in the COX
model. And the results showed that all the three mal-
nutrition indices were associated with OS in univariate
model. Multivariate Cox regression analysis found that
CONUT and NRI were still independently associated
with OS. The mortality of patients with malnutrition
determined by CONUT were even more than three times
than that of normal patients. However, GNRI was not an
independent prognostic factor in the multivariate model
(p=0.100). (Table 2)

Comparison of CONUT, NRI and GNRI in terms of
prognostic accuracy

The time-dependent ROC curves were plotted to com-
pare the prognostic accuracies of three malnutrition
indices for the prediction of OS (Fig. 6). The AUCs of
CONUT, NRI, and GNRI score were 0.693 (95% CI
0.636-0.750), 0.644 (95% CI 0.586-0.703), and 0.629
(0.570-0.688), respectively. And the AUC of CONUT
was significantly higher than that of NRI (p=0.045) and
GNRI (p<0.001) (Schedule 3).

Next, the time-dependent AUC-of-ROC curves of
three scoring systems for the prediction of OS were com-
pared. The results showed that the AUC for CONUT was
relatively smooth in the period three years after trans-
plantation and tended to increase over time. The AUCs
for NRI and GNRI appeared as fluctuation curves. And
the AUC of CONUT tended to be higher than that of
NRI and GNRI at all times tested (Fig. 7).

The association between preoperative nutritional status
and postoperative clinical events

In addition to the key OS results, a number of postop-
erative complications were evaluated. Table 3 summa-
rizes the adverse clinical events that occurred during the
in-hospital posttransplant period in normal and malnu-
trition patients defined by CONUT, NRI and GNRI. Sta-
tistical analysis indicated that malnutrition calculated by
CONUT corresponded to a longer total postoperative
hospital stay (p=0.015) and a higher rate of neurological
complications (p=0.021), kidney injury (p=0.005), and
in-hospital death (p=0.033). Malnutrition calculated by
NRI was related to higher rates of postoperative infection
(p=0.004). In addition, malnutrition calculated by GNRI
was related to higher rates of postoperative infections
(p=0.020) and neurological complications (p=0.037).

We next performed univariate logistic analysis for these
adverse clinical events (Schedule 4 ~ 7), and then the fac-
tors with p<0.05 in univariate analysis or explanatory
variables reported in previous literatures were applied
to multivariate logistic regression analysis. The results
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Table 2 Multivariate COX regression analysis of OS in patients with heart transplantation

variables CONUT NRI GNRI

HR (95%(Cl) p value HR (95%Cl) p value HR (95%(Cl) p value
Nutritional indices as continuous variables
Age 1.031 (1.013~1.049) 0.001 1.032 (1.015~1.049) <0.001 1.033 (1.016~1.050) <0.001
History of smoking 0.640 (0418~0.981) 0.041 0.679 (0444 ~1.039) 0.074 0.677 (O 442 ~1.036) 0.072
|IABP 03.210(1.122~9.186) 0.030 4.370(1.562~12.223) 0.005 4.691 (1.681~13.091) 0.003
RAAS antagonist 0.702 (0436~ 1.129) 0.144 0.796 (0.525~1.207) 0.283 0.767 (0.506~1.163) 0212
Hb 1.000 (0.991 ~ 1.008) 0918 0.998 (0.990~1.007) 0.715 0.998 (0.989~1.006) 0.596
TG 0.748 (0.486~1.150) 0.186 0.808 (0.517~1.261) 0.347 0.749 (0.482~1.164) 0.199
Waiting time 1.106 (1.002~ 1.030) 0.029 1.015 (1.001 ~ 1.029) 0.033 5(1.001~1.029) 0.033
CONUT 1.286 (1.166~1.419) <0.001
NRI 0.942 (0.923~0.962) <0.001
GNRI 0.959 (0.939~0.979) <0.001
Nutritional indices as categorical variables
Age 1.036 (1.018~1.054) <0.001 1.033(1.016~1.051) <0.001 1.034(1.016~1.051) <0.001
History of smoking 0.641(0418~0.982) 0.041 0.638 (0.417~0.975) 0.038 0.643 (O 421~0.983) 0.042
IABP 4.550 (1.627 ~12.720) 0.004 5.187 (1.859~14.469) 0.002 5342 (1.919~14.877) 0.001
RAAS antagonist 0.670(0417~1.075) 0.097 0.758 (0.499~1.153) 0.195 0.732 (0482N1 112) 0.144
Hb 0.999 (0.990 ~ 1.007) 0.755 0.997 (0.988 ~ 1.005) 0.444 0.996 (0.988 ~ 1.005) 0.368
TG 0.724 (0475~1.103) 0.133 0.704 (0.458~1.082) 0.109 0.669 (0.435~1.031) 0.068
Waiting time 1.017 (1.003~1.031) 0.017 1.015 (1.001 ~ 1.030) 0.032 6 (1.002~1.030) 0.028
CONUT 3.124 (1,527 ~6.387) 0.002
NRI 1.792 (1.179~2.722) 0.006
GNRI 1420 (0.935~2.157) 0.100

95% Cl, 95% confidence interval; HR, hazard radio

IABP, intra-aortic balloon pump; RAAS, renin-angiotensin-aldosterone system; Hb, hemoglobin; TG, triglyceride

showed that malnutrition defined by CONUT [OR 1.156
(95%CI 1.032~1.294); p=0.012] and NRI [OR 1.543
(95%CI 1.008 ~2.362); p=0.046] was independent risk
factor of postoperative infection, as shown in Table 4.

Discussion

Nutrition is playing an increasingly critical role in pre-
dicting the outcomes of heart diseases. Previous studies
have revealed that malnutrition is an adverse prognostic
factor in patients with chronic heart failure, coronary
artery disease and aortic valvular disease [12, 15, 16].
However, to date, only a few studies have probed the role
of malnutrition in the prognosis of heart transplanta-
tion. In the present study, we evaluated the clinical and

prognostic roles of preoperative nutrition indices, includ-
ing the CONUT, NRI and GNR], in heart transplantation.
The outcomes revealed that CONUT, NRI and GNRI
were independent predictors of survival time following
HTx. The predictive accuracy of the CONUT is high-
est as compare to NRI and GNRI. Additionally, CONUT
and NRI were significant independent predictors of post-
transplant infections.

HTx recipients tend to be end-stage of the heart fail-
ure. It has been reported that patients with heart failure
often suffer from malnutrition and the prevalence varies
between 5.7% and 8.1% depending on different assess-
ment tools [17]. In this study, the prevalence of mal-
nutrition assessed by any score was as high as 81.5% in
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HTx recipients and the prevalence of moderate to severe
malnutrition was even as high as 38.8%. Comprised of
albumin, lymphocyte count and total cholesterol, the
CONUT score is a comprehensive measure reflecting
protein storage, lipid metabolism, immune system state
and inflammation status. NRI, which consists of the
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albumin concentration and weight loss, was originally
introduced in 1988 by Buzby to assess the nutrition status
of adult surgical patients [15]. And the GNRI was derived
from the NRI by Olivier in 2005 to assess the nutritional
status of elderly patients [18]. The three indicators are
simple, objective and comprehensive nutritional screen-
ing tools whose prognostic value in heart failure has been
well documented. Patients with heart failure usually face
anorexia and intestinal congestion and edema which
could lead to insufficient nutrient intake and absorption
[19]. Furthermore, chronic inflammation and neurohor-
monal activation in HF patients could lead to increased
degradation of protein and fat tissue, and thus weight loss
and even cachexia [20, 21]. Malnutrition could result in
anemia, which aggravate cardiac and peripheral dysfunc-
tion and increase the risk of death [22]. In this study,
we note that the hemoglobin level of malnutrition HTx
reicipients (defined by any score) was significantly higher
than that of normal patients. In addition, nutrient defi-
ciencies may lead to fluid retention, inflammation, and
neurohormone activation [23]. The albumin, mainly syn-
thesized and secreted by the liver, is an index frequently
used to reflect nutrient and inflammatory status, and it
plays an important role in regulating osmotic pressure,
antioxidant and anti-inflammatory effects of the body

o .
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)
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Fig. 7 Time-dependent AUC curves of CONUT, NRI and GNRI for the prediction of overall survival. The time dependence of each AUC for overall survival

is shown for the period up to six years after surgery

Table 3 Postoperative clinical events grouped by CONUT, NRI, GNRI, TCBI

variables CONUT NRI GNRI
normal (€1) malnutri- pvalue normal malnutri-  pvalue normal malnutri- p

tion (=2) (=100) tion (< 100) (=98) tion (<98) value
Total postoperative stay, days 346+159 40.7£234 0015 393+213 39.2+23.1 0.995 387+212 400+232 0533
Postoperative infection (%) 48(49.0) 185(58.4) 0.102 122(50.2) 111(64.5) 0.004 120(50.8) 113(63.1) 0.013
Pericardial effusion (%) 60(61.9) 171(66.8) 0.384 141(65.0) 90(66.2) 0.818 137(65.9) 94(64.8) 0.840
Neurological complications (%) 2(2.0) 29(8.6) 0.021 13(5.1) 18(9.8) 0.057 12(4.8) 19(10.0) 0.037
Kidney injury (%) 7(6.9) 62(18.5) 0.005 34(13.3) 35(19.1) 0.101 34(13.7) 35(184) 0.180
Liver injury (%) 4(3.9) 28(8.3) 0.134 13(5.1) 19(10.4) 0.143 13(5.2) 19(10.0) 0.058
Acute rejection (%) 3(33) 7(2.3) 0618  3(1.3) 7(43) 0.061 3(1.3) 7(4.0) 0.084
In-hospital death (%) 1(1.0) 21(6.3) 0.033 9(3.5) 13(7.1) 0.091 10(4.0) 12(6.3) 0278
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Table 4 Summary table of significance of CONUT, NRI and GNRI in postoperative clinical events

Univariate analysis

Multivariate analysis

OR (95%Cl) p value OR (95%Cl) p value
Prolonged Total Postoperative Stay
CONUT 1.136(1.030~1.253) 0.011 1.170(1.037~1.321) 0.110
Postoperative Infection
CONUT 1.211(1.093 ~1.341) <0.001 1.156(1.032~1.294) 0.012
NRI 1.805(1.209~2.695) 0.004 1.543(1.008 ~2.362) 0.046
GNRI 1.655(1.113~2.461) 0.013 1.465(0.959~2.238) 0.077
Kidney Injury
CONUT 3.071(1.358~6.942) 0.007 3.689(0.817 ~ 16.746) 0.090
Neurological Complication
CONUT 4.723(1.107 ~20.146) 0.036 3.690(0.832~16.361) 0.086
GNRI 2.185(1.033~4.622) 0.041 1.911(0.868 ~4.210) 0.108

[24]. Hypoalbuminemia in heart failure patients may
cause the fluid in blood vessels transpose to the tissue,
which aggravates fluid retention and tissue edema. And
hypoalbuminemia is also reported to be associated with
myocardial fibrosis [25]. What’s more, decreased ejection
fraction in end-stage heart failure patients can lead to tis-
sue hypoperfusion and organ system dysfunction. When
the kidney is involved, abnormal activation of RAAS sys-
tem would further accelerate the progression of heart
failure. According to the above pathophysiological pro-
cess, it is not hard to understand that heart failure and
malnutrition promote each other, and the heart failure of
patients with malnutrition was more weight, so the prog-
nosis is worse.

Interestingly, the predictive power of CONUT for OS
was found to be higher than NRI and GNRI. We think it
may be due to the following reasons. Firstly, systemic and
splanchnic congestion caused by heart failure can ele-
vate the ratio of actual body weight to ideal body weight,
which is an important component of NRI and GNRI.
Thus, the nutritional level could be overestimated. In
this study, the proportion of malnutrition calculated by
CONUT was indeed higher than that calculated by NRI
and GNRI. Secondly, in addition to albumin, lympho-
cytes and total cholesterol were also reported to be asso-
ciated with prognosis of heart transplantation [26, 27],
which might be helpful to elevate the prognostic power
of CONUT.

Another major finding of our study is that the CONUT
and NRI are the independent risk factors for postopera-
tive infection. The albumin molecule can bind to a wide
variety of ligands, which is essential for its immuno-
modulatory function [28]. Hypoalbuminemia is causally
linked with increased risks of both primary and second-
ary infection. Lymphocytes are an important cellular
component in the immune response, and a drop in the
preoperative lymphocyte count is closely related to the
risk of developing postoperative infection in numerous
conditions, such as orthotopic liver transplantation [29].

Additionally, blood lipid levels are correlated with infec-
tion [30]. Several studies have demonstrated an inverse
association between total cholesterol and the incidence
of nosocomial infections [31, 32]. In the CONUT scor-
ing system, a decrease in each component is assigned a
high score. This could be the reason why the higher the
CONUT score is, the greater the likelihood of HTx post-
operative infection. In addition, a previous study showed
that weight loss could decrease the absolute count of the
NKCs CD16/56 subset, which plays an important role in
the innate immune system against microbial infections,
and it could also lead to a significant decrease in lympho-
cyte counts and other immune markers [33]. Therefore,
weight loss impairs immune function. This, together with
the important immunomodulatory effect of serum albu-
min, may explain why the decrease in NRI was a risk fac-
tor for susceptibility to infections.

In addition, we noted that other factors might influence
the outcomes of HTx. Recipient age, waiting time and
preoperative IABP use are risk factors for all-cause death
after HTx, which is consistent with the literature [34, 35].
Older recipients have a higher frequency of death, likely
influenced by immunosuppression, malignancy, infec-
tion, and renal failure. Furthermore, the present study
found that smoking could increase the risk of postop-
erative infections and prolong the length of postop-
erative hospital stay. The mechanism by which smoking
increases infectious risk may be multifactorial. Smok-
ing induces structural changes in the respiratory tract,
including fibrosis, inflammation, increased permeability
and decreased mucocillary clearance, and smoking alters
the cellular concentration of CD4+cells, which are nec-
essary for B-cell proliferation and antibody response [36].
Kidney injury is a frequent complication following HTx
[37]. Our results showed that preoperative RAAS antago-
nist use could reduce the incidence of kidney injury after
HTx, while preoperative thiazide drug use could increase
it. The literature suggests that RAAS inhibitors could
prevent proteinuria, kidney fibrosis and a slow decline in
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renal function, and for end-stage renal disease patients,
the inhibition of RAAS protects their residual renal func-
tion [38]. The effect of thiazide drugs on kidney injury
following HTx may be related to their function of pro-
moting potassium excretion from the body. Long-term
low serum potassium could injure renal tubules and lead
to tubular epithelial vacuolization [39].

Taken together, our findings suggest the prognostic
value of nutritional indices in HTx. The CONUT, NRI
and GNRI score have certain predictive values for OS
and the predictive power is higher compared to NRI
and GNRL In addition, the CONUT and NRI score are
independent risk factors for postoperative infection.
Assessing preoperative nutritional status and identify-
ing patients with malnutrition by CONUT, NRI or GNRI
have important implications for guiding nutritional sup-
port over the perioperative period, such as albumin sup-
plementation preoperatively, especially for those who
are in a state of malnutrition. However, both obesity and
underweight were found to be associated with mortal-
ity after HTx, so nutritional supplementation should be
‘moderate’ [40]. It is important to maintain a normal tro-
phic level for HTx candidates. Finally, this study showed
the importance of managing risk factors of HTx patients,
which was similarly highlighted in the literature [41].

This study has several limitations to consider. First, as
mentioned above, this was a retrospective, observational,
single-center study, and inevitably, there existed an inher-
ent risk of selection bias and information bias. Second,
this study included a relatively small sample size (1=438).
Third, we could only obtain short-term or mid-term sur-
vival because of the short follow-up duration (up to 81
months). Fourth, the values of the three indices after HTx
were not be collected, so their dynamic changes were not
be analysed.

Conclusions

Our study demonstrates the clinical value of the CONUT
score and NRI as nutritional screening tools in HTx. Mal-
nourished patients have a higher likelihood of postop-
erative infection and longer postoperative hospital stays.
Given the important role of nutrition, we should closely
monitor the nutrient state of patients with end-stage HF,
which contributes to identifying appropriate HTx candi-
dates who might benefit from nutritional intervention.
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