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Association Between the Malnutrition 
Status and All-Cause Mortality in Patients 
With Moderate and Severe Aortic Stenosis: 
A Prospective Cohort Study
Bingzhen Li, MD*; Shaozhao Zhang , PhD*; Chaoguang Xu, MD*; Mengting Huang, MD; Zhenyu Xiong , PhD; 
Ziwen Hui, MD; Xinxue Liao , PhD; Jilin Li , PhD; Jianying Chen , PhD; Xiaodong Zhuang , PhD

BACKGROUND: Malnutrition status is an important predictor of prognosis in patients after aortic valve replacement. However, 
the prognostic value of malnutrition status in patients with moderate-to-severe aortic stenosis is unclear. This study aimed to 
evaluate the effect of malnutrition on all-cause mortality in patients with moderate-to-severe aortic stenosis using the Patient 
Controlled Nutritional Status (CONUT) score, nutritional risk index, and prognostic nutritional index.

METHODS AND RESULTS: A total of 536 patients with moderate-to-severe aortic stenosis were selected in the ARISTOTLE (Aortic 
Valve Diseases Risk Factor Assessment and Prognosis Model Construction) study conducted between January 2013 and 
December 2022 in 3 academic institutions. Patients were grouped according to different nutritional status assessment meth-
ods. CONUT, nutritional risk index, and prognostic nutritional index were calculated at baseline. The primary study outcome 
was all-cause mortality. Cox regression was used to assess the association between nutritional status and all-cause mortality. 
During a median 34.2-month follow-up period, a total of 120 (22.4%) patients died. All-cause mortality was significantly higher 
in lower prognostic nutritional index, lower nutritional risk index, and higher CONUT groups. Compared with normal nutrition, 
malnutrition was associated with an increased risk for all-cause death (adjusted hazard ratio for mild and moderate–severe 
malnutrition, respectively: 2.82 [95% CI, 1.69–4.71; P<0.001] and 3.31 [95% CI, 1.74–6.32; P<0.001] for the CONUT).

CONCLUSIONS: In patients with moderate or severe aortic stenosis, we found that high CONUT scores, low nutritional risk index 
scores, and low prognostic nutritional index scores were associated with all-cause death. The poorer the nutritional status, 
the greater the risk of malnutrition-related all-cause mortality.

REGISTRATION: URL: https://​www.​clini​caltr​ials.​gov; Unique identifier: NCT06069232.
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Aortic stenosis (AS) was the third most frequent 
cardiovascular disease after coronary artery dis-
ease and systemic arterial hypertension in de-

veloped country.1,2 Currently, aortic valve replacement 

(AVR) remains the only effective treatment for severe 
AS.3 Some patients have a poor prognosis even with 
AVR. Thus, more risk assessment and interventions for 
patients with AS are needed.
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Recent evidence has shown a high prevalence of 
malnutrition in patients with AS and are associated with 
an increased risk of all-cause mortality, readmission, 
and prolonged hospital stay after AVR.4–6 Previous 
studies have shown that malnutrition is an important 
adverse prognostic factor for cardiovascular diseases 
such as heart failure, acute coronary syndrome, and 
peripheral artery disease.6–8 Thus, aside from the 
well-known risk factors, such as advanced age, mul-
tiple comorbidities, or cardiac-related factors, malnu-
trition may be a modifiable prognostic intervention for 
patients with AS.9 In recent years, numerous studies 
have been conducted on malnutrition in AVR surgical 
populations, and all of these studies have consistently 
demonstrated that malnutrition is independently as-
sociated with increased mortality, complications, re-
admission rates, and resource use.10–12 However, the 
prognostic value of malnutrition status in patients with 
moderate-to-severe AS was unclear.

Several objective nutritional measures, such as the 
Patient Controlled Nutritional Status (CONUT) score,13 
Prognostic nutritional index (PNI)14 and nutritional risk 
index (NRI)15 have been reported to assess malnutrition 
and predict clinical outcomes in patients with cardio-
vascular disease. CONUT was developed by Ulibarri 
et  al. in 2005 as a screening tool for the nutritional 

status of hospitalized patients. CONUT calculated 
from serum albumin concentration, total peripheral 
lymphocyte count, and total cholesterol concentra-
tion, is a tool used to screen for malnutrition status. It 
has been used to evaluate the prognosis of hyperten-
sion,16 heart failure,17 and patients after percutaneous 
coronary intervention.18 NRI, which was proposed by 
Buzby et al., is a simple tool to assess nutritional status 
calculated from albumin, height, and weight. Previous 
studies have suggested that NRI has a good prognos-
tic value in certain cardiovascular disease populations, 
such as patients with heart failure19 and those who had 
percutaneous coronary intervention20 and transcathe-
ter AVR21. PNI is also a frequently used screening and 
nutritional status assessment tool. It is also used to 
screen nutritional status in patients after left ventricu-
lar assist devices22 or transcatheter AVR.23 Compared 
with traditional nutrition indicators, the scoring can be 
calculated by integrating multiple laboratory data or 
body measurement data. They are simple, convenient 
and have been shown to be one of the determinants of 
mortality and morbidity in patients with cardiovascular 
disease, such as hypertension, heart failure, and prog-
nosis of percutaneous coronary intervention.16,18,19

Accordingly, we aim to report the prevalence, clin-
ical associations, and prognostic consequences of 
malnutrition in a contemporary cohort of patients with 
AS using 3 different scoring systems.

METHODS
Study Design and Participants
In the ARISTOTLE (Aortic Valve Diseases Risk Factor 
Assessment and Prognosis Model Construction) study, 
which is an ongoing multicenter cohort study, patients 
diagnosed with moderate-to-severe AS at 3 academic 
institutions (the First Affiliated Hospital of Sun Yat-
Sen University, the Affiliated Hospital of Guangdong 
Medical University and the Second Affiliated Hospital 
of Shantou Medical University) were enrolled between 
January 2013 and December 2022. The data that 
support the findings of this study are available from 
the corresponding author upon reasonable request. 
Case inclusion criteria for the study were as follows: (1) 
>18 years old; (2) diagnosis of moderate-to-severe AS 
by echocardiography based on guidelines. Moderate-
to-severe AS was defined as aortic valve area ≤1.5 cm2 
or peak aortic jet velocity ≥3 m/s, mean aortic pres-
sure gradient ≥20 mm Hg.24 For this analysis, patients 
with nutritional variables were selected, and patients 
with missing other variables (N=41) and lost to follow-
up (N=33) were excluded. Finally, 536 patients with 
moderate-to-severe AS were included for analysis. The 
study design and screening process are described in 
detail in Figure  S1. The study protocol has received 

CLINICAL PERSPECTIVE

What Is New?
•	 Malnutrition is common in patients with aortic 

stenosis, and worsening malnutrition is associ-
ated with higher all-cause mortality regardless 
of the malnutrition index used in patients with 
moderate-to-severe aortic stenosis.

What Are the Clinical Implications?
•	 There are few interventions for patients with 

aortic stenosis, and nutritional status may be a 
potential target for intervention in this group of 
people.

Nonstandard Abbreviations and Acronyms

ARISTOTLE	 Aortic Valve Diseases Risk Factor 
Assessment and Prognosis Model 
Construction

AS	 aortic stenosis
AVR	 aortic valve replacement
CONUT	 controlling nutritional status
NRI	 nutritional risk index
PNI	 prognostic nutritional index
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approval from the institutional review board for clini-
cal research and animal testing at the First Affiliated 
Hospital of Sun Yat-sen University and registered at 
Clinical Trials.gov (Number: NCT06069232). The pro-
cedures followed were in accordance with institutional 
guidelines, and the subjects gave informed consent.

Data Collection and Echocardiography
The baseline characteristics were evaluated at the time 
of initial diagnosis of moderate-to-severe AS on echo-
cardiography or as close as possible to the date of di-
agnosis. The clinical data, including patients’ age, sex, 
smoking and drinking history, disease history as well as 
medication records, were collected through self-reports 
upon admission and subsequently confirmed by health 
care professionals against inpatient data. Hypertension 
was defined as systolic blood pressure ≥140 mm Hg 
and diastolic blood pressure ≥90 mm Hg, or use of an-
tihypertensive medication, or previous physician diag-
nosis of hypertension. Diabetes was defined as fasting 
blood glucose ≥126 mg/dL, or hemoglobin A1c ≥6.5%, 
or nonfasting blood glucose ≥200 mg/dL.25,26 Diabetes 
was also defined as use of antidiabetic medicines, or 
previous physician diagnosis. Coronary heart disease, 
chronic kidney disease, chronic obstructive lung dis-
ease, atrial fibrillation, and stroke were defined as previ-
ous physician diagnosis. Systolic blood pressure and 
diastolic blood pressure were measured by medical 
staff with a sphygmomanometer in the morning after 
the patients rested for 5 minutes, while heart rate was 
recorded. Body mass index (BMI) was calculated by 
dividing weight (kg) by the square of height (m2). The 
laboratory parameters assessed in this study included 
total cholesterol, low-density lipoprotein cholesterol, 
serum albumin, and total lymphocyte count. All meas-
urements were conducted using standardized meth-
ods. Glomerular filtration rate was estimated using the 
Chronic Kidney Disease Epidemiology Collaboration 
equation with serum creatinine.24

The comprehensive transthoracic echocardiog-
raphy was performed using a commercially available 
ultrasound device in accordance with the guidelines 
by the American Society of Echocardiography. The 
maximum ejection velocity of the aortic valve was es-
timated by continuous wave Doppler recordings from 
apical 3- or 5-chamber views and mean transvalvular 
pressure gradient was calculated using the modified 
Bernoulli equation,27 and aortic valve area was deter-
mined through application of the continuity equation. 
The left ventricular ejection fraction be calculated using 
the Simpson method.

Definitions
The CONUT index was derived from laboratory data, 
including measurements of albumin concentration, 

lymphocyte count, and cholesterol levels. A score of 
0 to 1 is classified as normal, and scores of 2 to 4, 5 
to 8, and 9 to 12 reflect mild, moderate, and severe 
malnutrition, respectively.13 Buzby et  al. originally de-
fined the NRI using the formula 1.519×serum albu-
min (g/L)+41.7×(current body weight [kg]/usual body 
weight [kg]). Ideal body weight was used instead of 
average body weight, calculated using the Lorenz for-
mula, that is, height (cm)-100-([height (cm)-150]/4) for 
men and height (cm)-100-([height (cm)-150]/2.5) for 
women. According to the results of calculation, the pa-
tients were divided into 4 groups: severe nutritional risk 
(NRI <83.5), moderate nutritional risk (83.5–97.5), mild 
nutritional risk (97.5–100) and no nutritional risk (NRI 
>100).28 The PNI was calculated according to the fol-
lowing formula: 10×serum albumin (g/dL)+0.005×total 
lymphocyte count (mm3). A score of >38 was defined 
as normal, and a score of 35 to 38 and <35 reflected 
moderate and severe malnutrition, respectively. Note 
that there is no “mild” category for the PNI.14 PNI tools 
is a kind of malnutrition screening and assessment tool. 
This study mainly used it as screening tool for malnutri-
tion. Based on the recommendations of the Nutritional 
Epidemiology and Dietary Assessment Study, the 
Strengthening the Reporting of Observational Studies 
in Epidemiology nutritional reporting29 guidelines were 
used.

Outcome
The primary end point of this study was all-cause 
mortality, information on the occurrence of all-cause 
mortality and AVR was identified by reviewing hospital 
records, examining the death certificates or telephone 
follow-up. All patients were followed up by telephone 
or outpatient service at least once a year. Follow-up 
time was calculated as the period between the date of 
AS diagnosis and the date of death or last follow-up.

Statistical Analysis
Continuous variables were expressed as mean±SD 
when following a normal distribution, and categori-
cal variables were expressed as frequencies and 
percentages. The patients were grouped accord-
ing to different nutritional status indicators. One-way 
ANOVA or Kruskal–Wallis test was used to compare 
normally and nonnormally distributed continuous 
variables, respectively. Categorical variables were 
compared using the Pearson chi-square test. Cox 
regression was conducted to evaluate hazard ratios 
(HR) and 95% CI for the association between the mal-
nourished state with all-cause mortality in different 
malnutrition states. Three multivariable models were 
built and used to adjust for potential confounders of 
all-cause mortality. In Model 1, we adjusted for only 
age and sex. In Model 2, we adjusted for personal 
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Table 1.  Baseline Clinical Characteristics of Patients With Moderate-to-Severe AS of CONUT Scores

CONUT groups

Characteristics

Risk of 
malnutrition Absent Mild

Moderate and 
severe

P value(N=536) (N=226) (N=233) (N=77)

Demographic and anthropomorphic data

Age, y 66.41±12.39 65.10±11.78 66.84±13.33 68.95±10.74 0.049

Sex, men 324 (60.4) 121 (53.5) 149 (63.9) 54 (70.1) 0.013

Body mass index, kg/m2 22.74±3.70 23.38±3.57 22.22±3.85 22.41±3.30 0.002

Systolic blood pressure, mm Hg 129.06±22.00 131.04±21.81 128.25±21.84 125.73±22.79 0.160

Diastolic blood pressure, mm Hg 71.31±12.67 73.07±12.44 70.10±12.66 69.82±12.90 0.034

Heart rate, bpm 78.05±15.20 76.02±13.94 78.45±14.16 82.79±20.08 0.003

Personal history

Smoking 156 (29.1) 60 (26.5) 70 (30) 26 (33.8) 0.444

Drinking 75 (14) 34 (15) 26 (11.2) 15 (19.5) 0.158

Commodities

Hypertension 238 (44.4) 94 (41.6) 104 (44.6) 40 (51.9) 0.286

Diabetes 98 (18.3) 37 (16.4) 39 (16.7) 22 (28.6) 0.041

Coronary heart disease 137 (25.6) 42 (18.6) 76 (32.6) 19 (24.7) 0.003

Stroke 44 (8.2) 16 (7.1) 13 (5.6) 15 (19.5) <0.001

Atrial fibrillation 90 (16.8) 35 (15.5) 43 (18.5) 12 (15.6) 0.665

Chronic kidney disease 42 (7.8) 8 (3.5) 17 (7.3) 17 (22.1) <0.001

Chronic obstructive pulmonary disease 26 (4.9) 6 (2.7) 13 (5.6) 7 (9.1) 0.060

Laboratory data

Triglyceride, mmol/L 1.25±0.72 1.45±0.83 1.08±0.53 1.15±0.72 <0.001

Low-density lipoprotein cholesterol, mmol/L 2.87±1.02 3.35±0.75 2.55±0.92 2.44±1.37 <0.001

High-density lipoprotein cholesterol, mmol/L 1.15±0.34 1.24±0.31 1.12±0.33 0.97±0.38 <0.001

Albumin, g/dL 3.78±0.50 4.04±0.32 3.77±0.39 3.06±0.51 <0.001

Lymphocyte count, mm3 1654±671 2019±588 1474±596 1130±539 <0.001

Total cholesterol, mg/mL 175.15±52.11 201.89±38.08 158.24±47.88 147.84±63.76 <0.001

Estimated glomerular filtration rate, mL/
min per 1.73 m2

71.73±23.40 76.63±20.45 70.88±23.02 59.94±27.96 <0.001

Echocardiographic parameters

Aortic valve insufficiency 498 (92.9) 203 (89.8) 220 (94.4) 75 (97.4) 0.040

Mitral valve insufficiency 396 (73.9) 156 (69) 181 (77.7) 59 (76.6) 0.090

Mitral valve stenosis 133 (24.8) 57 (25.2) 58 (24.9) 18 (23.4) 0.948

Pulmonary arterial hypertension 224 (41.8) 75 (33.2) 111 (47.6) 38 (49.4) 0.003

Left ventricular ejection fraction, % 61.60±12.65 63.02±12.48 60.60±12.26 60.44±13.96 0.068

Peak jet velocity, m/s 4.17±0.96 4.12±0.90 4.22±1.03 4.15±0.93 0.684

Mean gradient, mm Hg 42.57±19.77 41.85±19.19 43.02±20.05 43.36±20.76 0.828

Aortic valve area, cm2 0.92±0.32 0.92±0.31 0.92±0.32 0.95±0.33 0.544

Therapy

Antiplatelets 218 (40.7) 88 (38.9) 99 (42.5) 31 (40.3) 0.739

Stains 231 (43.1) 99 (43.8) 98 (42.1) 34 (44.2) 0.912

Antihypertension medication 363 (67.7) 154 (68.1) 156 (67) 53 (68.8) 0.940

Hypoglycemic medications 113 (21.1) 47 (20.8) 40 (17.2) 26 (33.8) 0.008

Oral anticoagulant 205 (38.2) 94 (41.6) 86 (36.9) 25 (32.5) 0.311

Diuretic 354 (66) 140 (61.9) 156 (67) 58 (75.3) 0.094

Aortic valve replacement 275 (51.3) 117 (51.8) 119 (51.1) 39 (50.6) 0.981

Data are shown as mean±SD or n (%). Baseline characteristics of the 536 patients from the Multiple Research Centre, stratified by the optimal cut of 
CONUT index. Groups were grouped according to the scores: Absent (0–1), Mild (2–4), Moderate and Severe (5–12). AS indicates aortic stenosis; and CONUT, 
Controlling Nutritional Status score.
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history, comorbidities, and echocardiographic data 
on top of Model 1. In Model 3, demographic data, an-
thropomorphic, personal history, commodities, labo-
ratory, echocardiographic parameters, and therapy 
data were included as covariates. The receiver op-
erating characteristic curve was used to evaluate the 
discrimination of the 3 nutritional indicators. All analy-
ses were conducted in SPSS version 25, Stata 17.0 
and R software (R version 4.2.2). A 2-sided P value 
<0.05 was considered statistically significant.

RESULTS
Baseline Characteristics
Among the patients, 60.4% were male, and the median 
age was 66.4 years. The baseline clinical characteris-
tics and laboratory findings of the patients, stratified ac-
cording to low or high CONUT, NRI, and PNI score, are 
shown in Table 1. On an average, patients in the high 
CONUT group (i.e., poor nutritional status) were older 
and more likely to be male, be smokers and drinkers, 
and have a lower BMI and estimated glomerular filtra-
tion rate compared with their nourished counterparts. 
There were no significant differences in BMI at each 
level of malnutrition. There were high proportions of 
patients with diabetes, stroke, chronic kidney disease, 
and chronic obstructive lung disease in high CONUT 
group, and no differences were found in other comor-
bidities between groups. It stands to reason that they 
also showed different nutritive features (lower lipids, al-
bumin and lymphocyte count). There were similar fea-
tures in NRI and PNI (Tables S1 and S2).

Prevalence and Clinical Associations of 
Malnutrition
The percentage of patients with malnutrition varied 
from 57.8% with the CONUT, to 51.9% with the NRI, 
and to 10.6% with the PNI. Using the CONUT and NRI, 
233 (43.5%) and 40 (7.5%) patients had mild malnutri-
tion, respectively. By CONUT, NRI, and PNI calcula-
tions, 77 (14.4%), 238 (44.4%), and 57 (10.6%) patients 
had moderate-to-severe malnutrition, respectively 
(Figure 1). According to each malnutrition score, only 
29.3% were classified as nonmalnourished in any de-
gree of malnutrition by all 3 scores, and only 53.7% 
were nonmoderately or severely malnourished by all 3 
scores.

Clinical Outcomes
During a median 34.17 months follow-up period, a total 
of 120 (22.4%) patients died. All-cause mortality were 
significantly higher in lower PNI, lower NRI, and higher 
CONUT groups (the log-rank values for 3 groups 
<0.01; Figure 2). Table 2 summarizes the results of Cox 
proportional hazards analysis of all-cause mortality. 
As a continuous variable, malnutrition was an inde-
pendent predictor of all-cause mortality risk, regard-
less of the indicator of malnutrition used for CONUT 
(1.208 [95% CI, 1.102–1.325; P<0.001]), NRI (0.961 
[95% CI, 0.937–0.985; P=0.002]) and PNI (0.949 [95% 
CI, 0.921–0.978; P=0.001]). Compared with normal 
nutrition, malnutrition risk was associated with an in-
creased risk for all-cause death (adjusted HR for mild 
and moderate–severe malnutrition, respectively) for the 
CONUT (2.820 [95% CI, 1.688–4.709; P<0.001] and 

Figure 1.  Prevalence of malnutrition according to 3 different scoring systems.
Venn diagram. The numbers reported outside each circle indicate the cumulative frequency of malnutrition (any degree [left] vs 
moderate–severe [right]) according to each malnutrition score. The overlap area of the circles reflects the frequency of overlap of 
each malnutrition diagnosis. CONUT indicates Controlling Nutritional Status score; NRI, nutritional risk index; and PNI, prognostic 
nutritional index.
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3.314 [95% CI, 1.737–6.324; P<0.001]), NRI (2.161 [95% 
CI, 1.232–3.791; P=0.007] and 2.872 [95% CI, 1.270–
6.497; P=0.011]), and PNI (1.107 [95% CI, 0.529–2.318; 
P=0.787] and 1.722 [95% CI, 0.818–3.623; P=0.152]). 
The restricted spline curve of CONUT, NRI, and PNI of 
patients with moderate and severe AS were also con-
sistent with these results (Figure 3).

In addition, we divided patients according to age 
of 60 and 75 years, sex, BMI of 24 kg/m2, presence or 
absence of underlying diseases and AVR, and so on. 
The risk of malnutrition-related all-cause mortality was 
relatively higher among individuals who were older, 
nonsmokers, nondrinkers, free from hypertension and 
coronary heart disease, exhibited good renal function, 

did not receive AVR, and had better left ventricular 
ejection fraction and more severe maximum ejection 
velocity of the aortic valve. However, none of the in-
teractions suggested statistical significance based on 
CONUT (P>0.05 for all interactions, Figure 4).

Receiver Operating Characteristics Curve 
Analysis
Receiver operating characteristic curve for each nutri-
tional status index are shown in Figure 5. Area under 
the receiver operating characteristic curve for all-cause 
mortality was 0.6471 for the CONUT score, 0.5992 for 
the NRI, and 0.6673 for the PNI (Figure 5).

Figure 2.  Survival curve of patients with moderate and severe aortic stenosis.
Survival curve of patients with moderate and severe aortic stenosis for all-cause mortality by the CONUT score (A), NRI (B), and PNI 
(C). CONUT indicates Controlling Nutritional Status score; NRI, nutritional risk index; and PNI, prognostic nutritional index.
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DISCUSSION
In this multicenter, Chinese aortic stenosis cohort, 
we evaluated the prognostic value of malnutrition risk 
in predicting mortality in patients with moderate-to-
severe AS. The main findings of this study were as 
follows: 1) malnutrition was prevalent in AS patients; 
2) Worsening malnutrition was associated with higher 
all-cause mortality regardless of the malnutrition index 
used.

The first issue that should be highlighted is the 
prevalence of malnutrition. Malnutrition is common in 
many cardiovascular disease populations. A study in-
cluding more than 5062 patients with acute coronary 
syndrome found the percentage of patients with mal-
nutrition varied from 8.9% with the PNI, to 49.8% with 
the CONUT score, and to 59.5% with the NRI in the 
cohort.12 Malnutrition is also common in patients with 
chronic heart failure, with a prevalence of about 45%.30 
In patients undergoing AVR, Sara Emami et  al. ob-
served a prevalence of 5% for malnutrition,31 whereas 

Kenichi Ishizu et al.12observed a prevalence of 16.6%, 
60.5%, and 13.8% patients for moderate or severe 
malnutrition according to the CONUT, GNRI (geriat-
ric nutritional risk index) and PNI. There have been no 
prior studies specifically assessing the prevalence of 
malnutrition in general populations with moderate-to-
severe AS.

Among the patients with AS in this study, comparing 
the clinical characteristics of 3 nutritional indexes in 536 
patients, the prevalence of malnutrition risk depended 
on the nutritional index used, ranging from 57.8% with 
the CONUT, to 51.9% with the NRI score, and to 10.6% 
with the PNI (Table  3). It can be found that PNI de-
tected far fewer patients who were malnourished com-
pared with the other indicators. Because PNI identifies 
patients only as moderately or severely malnourished, 
it may underestimate the overall incidence of malnu-
trition. In fact, PNI (15.1%) and CONUT score (20.3%) 
were more consistent in terms of the prevalence of 
moderate-to-severe malnutrition, which may reflect the 
similarity of variables on which the two indicators are 

Table 2.  Association Between the State of Malnutrition and All-Cause Mortality in the Patients With Moderate-to-Severe 
AS

Events Populations

Model 1 Model 2 Model 3

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

CONUT, continuous

Per 1-point increment 120 536 1.260 (1.166–1.361) <0.001 1.220 (1.121–1.327) <0.001 1.208 (1.102–1.325) <0.001

CONUT, categorical <0.001 <0.001 <0.001

(normal nutrition as 
reference)

27 226

Mild risk 67 233 2.812 (1.791–4.415) <0.001 2.519 (1.580–4.015) <0.001 2.820 (1.688–4.709) <0.001

Moderate and severe 
risk

26 77 3.973 (2.295–6.881) <0.001 2.924 (1.645–5.198) <0.001 3.314 (1.737–6.324) <0.001

NRI, continuous

Per 1-point increment 120 536 0.968 (0.951–0.986) 0.001 0.972 (0.953–0.990) 0.003 0.961 (0.937–0.985) 0.002

NRI, categorical 0.001 0.011 0.034

(normal nutrition as 
reference)

43 258

Mild risk 8 40 1.177 (0.549–2.523) 0.675 1.153 (0.531–2.503) 0.719 1.645 (0.702–3.857) 0.252

Moderate risk 56 201 1.873 (1.252–2.801) 0.002 1.694 (1.108–2.591) 0.015 2.161 (1.232–3.791) 0.007

Severe risk 13 37 2.938 (1.558–5.540) 0.001 2.727 (1.420–5.237) 0.003 2.872 (1.270–6.497) 0.011

PNI, continuous

Per 1-point increment 120 0.929 (0.904–0.954) <0.001 0.937 (0.909–0.966) <0.001 0.949 (0.921–0.978) 0.001

PNI, categorical 0.003 0.060 0.356

(normal nutrition as 
reference)

100 479

Moderate risk 10 33 1.679 (0.876–3.220) 0.119 1.299 (0.665–2.539) 0.445 1.107 (0.529–2.318) 0.787

Severe risk 10 24 2.868 (1.484–5.539) 0.002 2.283 (1.134–4.598) 0.021 1.722 (0.818–3.623) 0.152

Cox regressions were used. Model 1 adjusted by sex, age. Model 2 adjusted by model 1 + smoking status, drinking status, hypertension, diabetes, coronary 
heart disease, stroke, chronic obstructive pulmonary disease, atrial fibrillation, chronic kidney disease, aortic insufficiency, mitral stenosis, mitral insufficiency, 
pulmonary arterial hypertension. Model 3 Adjusted by model 2 + body mass index, systolic blood pressure, heart rate, estimated glomerular filtration rate, 
low-density lipoprotein cholesterol, left ventricular ejection fraction, The maximum velocity of the aortic valve orifice, antiplatelets, stains use, antihypertension 
medication, oral anticoagulant, hypoglycemic drugs, diuretic, and aortic valve replacement. AS indicates aortic stenosis; CONUT, Controlling Nutritional Status 
score; HR indicates hazard ratio; NRI, nutritional risk index; and PNI, prognostic nutritional index.
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based. On the other hand, NRI considering anthropo-
metric factors found a higher prevalence of moderate-
to-severe malnutrition (62.8%).

The use of nutritional parameters has gained in-
creasing popularity in recent years, as numerous stud-
ies have shown that they were effective in the prognosis 
of cardiovascular diseases. Poor nutritional status has 
been shown to be risk factor for mortality in older adults 
with cardiovascular diseases, such as acute coronary 
syndrome, ischemic heart disease, AS, and heart fail-
ure were considered.32 Similarly, other studies have 
demonstrated that incorporating the nutritional evalua-
tion provided by the CONUT score into existing predic-
tion models significantly increased the predictive with 
some cardiovascular diseases ability for death.20 The 
findings of studies on AS disease have yielded similar 
outcomes. Several previous studies have confirmed 
that nutritional status is independently associated with 
the risk of all-cause mortality in patients undergoing 
AVR with AS.23,31,33 The predictive impact of malnutri-
tion measures on mortality was further validated even 
after adjusting for clinical variables recognized to have 
a poor prognosis, including the Clinical Frailty Scale, 
American Society for Thoracic Surgery Predictive 
Mortality Risk score, and renal function.34

The prevalence of AS in the general population is 
0.4%, and 1.7% in the population >65 years old in de-
veloped countries. Currently, AVR remains the only 
effective treatment for severe AS.2 Medical treat-
ment options are limited. Therefore, the identification 
of patients at risk of early mortality is crucial for risk 
stratification and appropriate therapeutic intervention 
in individuals with a high prevalence and limited treat-
ment options in AS. Similarly, it is important to explore 

additional risk factors for intervention to improve out-
comes in patients who may not undergo surgery due to 
various reasons such as physical condition, underlying 
disease, or financial limitations. Our study used 3 mal-
nutrition screening measures and directly compared 
three nutrition scales. After adjustment for covariates 
related to all-cause death and cardiovascular disease, 
the multivariate COX regression analysis revealed that 
moderate or severe malnutrition, regardless of the mal-
nutrition index used by the patient, was independently 
associated with an increased risk of all-cause mortality 
compared with normal nutrition status. In CONUT and 
NRI classification, nutrition status and the risk for all-
cause mortality in a certain dose–response associa-
tions were observed. The more severe the malnutrition 
status, the greater the impact of malnutrition on the 
risk of all-cause mortality in individuals with AS. This 
may suggest that malnutrition may be a risk stratifica-
tion and intervention factor. Although this relationship 
is not apparent in the PNI classification, this might be 
attributed to the fact that PNI’s definition of malnutri-
tion status is more rigorous and the data distribution 
is skewed.

Currently, a diverse range of established screen-
ing instruments are used in clinical settings to de-
tect malnutrition, including CONUT, NRI, PNI, the 
Malnutrition Universal Screening Tool, Nutrition Risk 
Screening 2002,35 Mini Nutritional Assessment and 
its Short Form36 and so on. The measures selected 
in our study are supported by robust evidence, pos-
sess relative simplicity, and can be readily applied 
in clinical settings. The CONUT index accurately re-
flects the nutritional status and immune function of 
the body.13 Multivariable analysis confirmed CONUT 

Figure 3.  Restricted cubic spline showing the relationship between continuous baseline CONUT, NRI, PNI, and all-cause 
death in 536 patients on dialysis with moderate or severe aortic stenosis.
Dashed lines depict the 95% CIs. Outcomes were adjusted for sex, age, smoking status, drinking status, hypertension, diabetes, 
coronary heart disease, stroke, chronic obstructive pulmonary disease, atrial fibrillation, chronic kidney disease, aortic insufficiency, 
mitral stenosis, mitral insufficiency, pulmonary arterial hypertension, body mass index, systolic blood pressure, heart rate, estimated 
glomerular filtration rate, low-density lipoprotein cholesterol, left ventricular ejection fraction, The maximum velocity of the aortic 
valve orifice, antiplatelets, statin use, antihypertension medication, oral anticoagulant, hypoglycemic drugs, diuretic, and aortic valve 
replacement. CONUT indicates Controlling Nutritional Status score; NRI, nutritional risk index; and PNI, prognostic nutritional index.
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as an independent risk factor for increased all-cause 
mortality with moderate–severe AS, and it was asso-
ciated with a 20.8% increase in risk compared with a 
lower CONUT score. In receiver operating character-
istic curve analysis, CONUT and PNI scores exhibited 
the strongest correlation with adverse outcomes and 
outperformed NRI. The three measures employed in 
our study shared the commonality of serum albumin. 
The Valve Academic Research Consortium crite-
ria defined low serum albumin as one of the factors 

reflecting malnutrition.37 Serum albumin level is often 
reduced in patients with malnutrition and AS. The as-
sociation between hypoalbuminemia and post-AVR 
mortality with patients with AS has been established 
in previous studies.38,39 The measurement indicators 
of CONUT also encompass plasma total cholesterol. 
This suggests that the use of statins may potentially 
affect the CONUT score. However, our analysis re-
vealed no significant difference in statins usage be-
tween the CONUT groups (P=0.912).

Figure 4.  Subgroup analysis of association between the state of malnutrition and 
all-cause mortality in the patients with moderate-to-severe AS based on CONUT.
Adjusted by sex, age, smoking status, drinking status, hypertension, diabetes, CHD, 
stroke, chronic obstructive pulmonary disease, atrial fibrillation, chronic kidney disease, 
aortic insufficiency, mitral stenosis, mitral insufficiency, pulmonary arterial hypertension, 
body mass index, systolic blood pressure, heart rate, estimated glomerular filtration rate, 
low-density lipoprotein cholesterol, left ventricular ejection fraction, The maximum velocity 
of the aortic valve orifice, antiplatelets, stains use, antihypertension medication, oral 
anticoagulant, hypoglycemic drugs, diuretic, and aortic valve replacement. AS indicates 
aortic stenosis; AVR, aortic valve replacement; BMI, body mass index; CHD, coronary 
heart disease; GFR, glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular 
ejection fraction; and Vmax, maximum ejection velocity of the aortic valve.
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The potential explanation for the association be-
tween malnutrition and poor prognosis in patients 
with AS lies in the possibility that nutritional status may 
serve as systemic inflammation and immune func-
tion surrogate markers.40 It is well documented that 
this chronic progressive disease is accompanied by a 
long-term inflammatory process that may lead to de-
creased mobility, muscle mass, appetite, and poor nu-
tritional status in patients.41 Simultaneously, systemic 
inflammation has the potential to trigger atheroscle-
rosis, thereby potentially contributing to elevated car-
diovascular mortality rates observed in individuals with 
suboptimal nutritional status.42

A lower BMI is typically indicative of malnutrition. 
However, our study found that patients with severe 

malnutrition had a higher average weight compared 
with those with moderate malnutrition based on 
CONUT and PNI criteria. A high prevalence of malnu-
trition in patients with overweight or obesity has also 
been reported in previous investigations of acute cor-
onary syndromes, which emphasizes that malnutrition 
does not equal underweight.7 Furthermore, subgroup 
analyses did not show any significant interaction be-
tween malnutrition and BMI. Therefore, we should 
screen malnutrition using objective indicators that are 
not influenced by anthropometric and visual factors.

In people with AS, malnutrition, as a factor that can 
be interfered with, is associated with higher all-cause 
mortality. Intervention of nutritional status may be a po-
tential intervention target for patients with AS. Health 

Figure 5.  ROC curves of CONUT, NRI, and PNI of patients with moderate and severe aortic stenosis.
Receiver operating characteristic curve for nutrition risk index and all-cause mortality; area under the curve: (A) 
Controlling Nutritional Status Score: 0.65; (B) nutritional risk index: 0.60; (C) prognostic nutritional index: 0.67. CONUT 
indicates Controlling Nutritional Status score; NRI, nutritional risk index; PNI, prognostic nutritional index; and ROC, 
receiver operating characteristic.
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care providers may consider incorporating nutritional 
status screening into existing assessment systems for 
patients with AS, integrating more disciplines for indi-
vidual assessment and management of patients, or fo-
cusing on monitoring patients’ nutritional status, which 
may bring more benefits to this group of patients.

Limitations
The study has several important limitations. First, the 
lack of consensus on the definition of malnutrition and 
the absence of a comparison between these 3 scor-
ing tools and other complex comprehensive nutritional 
screening tools may underestimate the true magnitude 
of the undernourished population. Second, there was 
no information on educational attainment, marital sta-
tus, or socioeconomic characteristics, which may have 
influenced our perception of malnutrition. Third, a limi-
tation of this study is the changes in nutritional status 
during follow-up were unknown. The study used 1-
time evaluation methods as predicting factors and did 
not account for dietary or nutritional changes during 
the follow-up period, patients may alter their diet and 
nutritional status due to changes in disease severity or 
comorbidities. Posthospitalization nutritional interven-
tions might also influence the accuracy of this malnutri-
tion screening. In addition, the scope of our study was 
limited to an Asian population, thus a more extensive 
and comprehensive follow-up investigation of the re-
sults in other racial or ethnic groups is warranted.

CONCLUSIONS
The study revealed that malnutrition was an independ-
ent risk factor associated with increased all-cause 
mortality in patients diagnosed with moderate-to-
severe AS, regardless of the malnutrition index used.
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