',\' frontiers
in Nutrition

ORIGINAL RESEARCH
published: 16 September 2021
doi: 10.3389/fnut.2021.740746

OPEN ACCESS

Edited by:

Lilia Castillo-Martinez,

Instituto Nacional de Ciencias
Médicas y Nutricion Salvador Zubiran
(INCMNSZ), Mexico

Reviewed by:

Cira Santillan-Diaz,

National Autonomous University of
Mexico, Mexico

Claudia Lerma,

Instituto Nacional de Cardiologia
Ignacio Chavez, Mexico

*Correspondence:
Shiqun Chen
shiqunchen@126.com
Shilong Zhong
zhongsl@hotmail.com
Yan Liang
lye30668@163.com

T These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Clinical Nutrition,

a section of the journal
Frontiers in Nutrition

Received: 13 July 2021
Accepted: 17 August 2021
Published: 16 September 2021

Citation:

Mai Z, Huang Z, Lai W, Li H, Wang B,
Huang S, Shi'y, Yu S, Hu Q, Liu J,
Zhang L, Liu'Y; Chen J, Liang Y,
Zhong S and Chen S (2021)
Association of Malnutrition, Left
Ventricular Ejection Fraction Category,
and Mortality in Patients Undergoing
Coronary Angiography: A Cohort With
45,826 Patients.

Front. Nutr. 8:740746.

doi: 10.3389/fnut.2021.740746

Check for
updates

Association of Malnutrition, Left
Ventricular Ejection Fraction
Category, and Mortality in Patients
Undergoing Coronary Angiography: A
Cohort With 45,826 Patients

Ziling Mai'?', Zhidong Huang?', Wenguang Lai "', Huanqgiang Li?*', Bo Wang?',
Sumei Huang?®, Yingming Shi*, Sijia Yu?, Qizheng Hu®, Jin Liu?, Lingyu Zhang*, Yong Liu?,
Jiyan Chen?, Yan Liang*, Shilong Zhong "®* and Shiqun Chen®

" School of Biology and Biological Engineering, South China University of Technology, Guangzhou, China, 2 Department of
Cardiology, Guangdong Provincial Key Laboratory of Coronary Heart Disease Prevention, Guangdong Cardiovascular
Institute, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China, ° Center
of Scientific Research, Maoming People’s Hospital, Maoming, China, * Department of Cardiology, Maoming People’s
Hospital, Maoming, China, ® Department of Public Health, Guangdong Medical University, Dongguan, China, ® Department of
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Background: The regulatory effect of the left ventricular ejection fraction (LVEF)
categories on the association of malnutrition and all-cause mortality in patients
undergoing coronary angiography (CAG) have not been adequately addressed.

Methods: Forty-five thousand eight hundred and twenty-six patients consecutively
enrolled in the Cardiorenal ImprovemeNt (CIN) study (ClinicalTrials.gov NCT04407936)
from January 2008 to July 2018 who underwent coronary angiography (CAG). The
Controlling Nutritional Status (CONUT) score was applied to 45,826 CAG patients. The
hazard ratios of mortality across combined LVEF and/or malnutrition categories were
estimated by Cox regression models. Variables adjusted for in the Cox regression models
included: age, gender, hypertension (HT), DM, PCI, coronary artery disease (CAD),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
triglyceride (TRIG), chronic kidney disease (CKD), statins, atrial fibrillation (AF), anemia,
and stroke. Population attributable risk (PAR) was estimated for eight groups stratified by
nutritional status and LVEF categories.

Results: In our study, 42,181(92%) of patients were LVEF > 40%, of whom, 41.55
and 9.34% were in mild and moderate or severe malnutrition status, respectively, while
46.53 and 22.28% in mild and moderate or severe malnutritional status among patients
with LVEF < 40%. During a median follow-up time of 4.5 years (percentile 2.8-7.1),
5,350 (11.7%) patients died. After fully adjustment, there is no difference of mortality
on malnutrition in LVEF < 40% group (mild, moderate and severe vs. normal, HR
(95%Cl): [1.00 (0.83-0.98)], [1.20 (0.95-1.51)], [1.41 (0.87-2.29)], respectively, p for
trend =0.068), but malnutrition was related to markedly increased risk of mortality in LVEF
> 40% group (mild, moderate, and severe vs. normal, HR (95%Cl): [1.21 (1.12-1.31)],
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[1.56 (1.40-1.74)], and [2.20(1.67-2.90)], respectively, p for trend <0.001, and p for
interaction <0.001). Patients with LVEF > 40% had a higher malnutrition-associated risk
of mortality and a higher PAR than those with LVEF < 40%.

Conclusions: Malnutrition is common in CAG patients and it has a greater effect on
all-cause mortality and a higher PAR in patients with LVEF > 40% than LVEF < 40%.

Keywords: malnutrition, left ventricular ejection fraction category, all-cause mortality, interaction, population

attributable risk

INTRODUCTION

Malnutrition is a common complication of several chronic
illnesses, and it could accelerate the progression of the disease
as part of a vicious cycle relevant to cytokine activation (1-4).
Previous studies have shown that malnutrition is an important
poor prognostic factor for chronic heart failure (HF) (5),
advanced heart failure (AHF) (3), acute decompensated heart
failure (ADHF) (6), and preserved ejection fraction (HFpEF) (7).

Current evidence has shown that poor cardiac function was
related to increased production of appetite suppression, catabolic
cytokines, and muscle catabolism (3, 7-9). Patients with poor
cardiac function are more likely to lose appetite and have worse
digestion and absorption, which can aggravate malnutrition to
affect prognosis. As a result, it may lead to the stereotype that
patients with good cardiac function will be considered at low
risk of morbidity and mortality from malnutrition. But limited
data exist on the prognostic impact of malnutrition focused on
patients with good cardiac function. The relationship between
nutritional status, good cardiac function and all-cause mortality
has not been adequately addressed. Whether the association
between malnutrition and mortality differs in patients with or
without poor cardiac function is unknown. Understanding the
potential interplay of the prognostic impact of malnutrition
focused on patients with different cardiac functions may allow
more personalized management of patients with or without poor
cardiac function.

Left ventricular ejection fraction (LVEF) is reliable
measurement for cardiac function evaluation (10, 11).
Accordingly, our study aims to explore the relationship
between malnutrition and mortality in patients with LVEF >
40% and with LVEF < 40% assessed by the CONUT score in a
cohort of patients undergoing coronary angiography (CAG).

METHOD

Data Sources and Study Population

The Cardiorenal ImprovemeNt (CIN) study is a retrospective
observational study that enrolled 88,939 consecutive patients
undergoing coronary angiography (CAG) or percutaneous
coronary intervention (PCI) in Guangdong Provincial People’s
Hospital, Guangdong, China, hospitalized between January 2008
to December 2018 (ClinicalTrials.gov NCT04407936). PCI was
performed according to standard clinical practice guidelines. We
excluded patients with missing data on follow-up and missing
data of LVEF and did not meet the CONUT score. Eventually,

45,826 patients were included (Supplementary Figure 1). All
traceable personal identifiers were erased before analysis to
cover patient data confidentiality. The study was conducted
according to the declaration of Helsinki and was approved by the
Guangdong Provincial People’s Hospital ethics committee.

Baseline Data Collection

Data were obtained from the electronic clinical management
records system of the Guangdong Provincial People’s Hospital.
We had access to all primary and secondary medical records
to view the baseline information of patients, which included
demographic characteristics, comorbidities, laboratory tests,
and medications at discharge. Blood samples except lipid
profiles were collected at admission or before CAG and PCIL.
The lipid measurement was taken after an overnight fasting
blood sample.

Endpoint and Clinical Definition

The primary endpoint was all-cause death which was
monitored and recorded by experienced nurses and research
assistants through outpatient interviews and telephones.
The Controlling Nutritional Status (CONUT) score, as
an assessment for the nutritional status of hospitalized
patients, was originally proposed in 2005 by Ignacio de
Ulibarri et al. (12). The tool incorporates serum albumin
(g/L), cholesterol (mmol/L), and total lymphocyte count
(10°/L) to assess the state of malnutrition. Left ventricular
ejection fraction (%) was evaluated in light of the current
international recommendations. The estimated glomerular
filtration rate (eGFR) was calculated by using the Modification
of Diet in Renal Disease (MDRD) formula. Chronic kidney
disease (CKD) was defined as eGFR < 60 mL/min/1.73 m?
(13). Acute myocardial infarction (AMI), hypertension, and
diabetes mellitus (DM) were defined using ICD-10 codes.
Anemia was defined as a hematocrit <39% for males or <36%
for females.

Statistical Analysis

Baseline characteristics are presented as means £+ SDs for
continuous variables, and proportions for categorical variables,
and medians and interquartile ranges (IQRs) for non-normally
distributed data. Continuous variables were tested for normal
distribution by use of Kolmogorov-Smirnov test. Differences
in two categories of LVEF (<40% and >40%) in baseline
characteristics were compared through the use of Student ¢-test
for continuous variables, chi-square tests for categorical variables,

Frontiers in Nutrition | www.frontiersin.org

September 2021 | Volume 8 | Article 740746


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Mai et al.

Malnutrition, LVEF Category, and Mortality

A
60.00%
49.10%
50.00% ° 46.53%
41.55%
40.00%
31.19%
30.00%
20.58%
20.00%
0,
10.00% 8.85%
. 0.49% 1.70%
0.00% —
° 0-1 24 58 9-12
Normal Mild Moderate Severe
B LVEF>40% 49.10% 41.55% 8.85% 0.49%
u LVEF<40% 31.19% 46.53% 20.58% 1.70%
ELVEF>40% ®mLVEF<40%
B
50.00%
45.20%
45.00%
40.00%
35.80%
35.00% 31.60%
30.00%
25.00% A
21.90% 20.40%
20.00% 17.90%
15002% 11.70%
10.00% 7.80%
5.00% .
0.00%
0-1 2-4 5-8 9-12
Normal Mild Moderate Severe
B LVEF>40% 7.80% 11.70% 20.40% 35.80%
u LVEF<40% 17.90% 21.90% 31.60% 45.20%
ELVEF>40% ®LVEF<40%
FIGURE 1 | (A) Distribution of nutritional state in LVEF > 40% and LVEF < 40%,; (B) Incidence of death across malnutrition and LVEF categories. Normal, Mild,
Moderate, and Severe correspond to the state of malnutrition, respectively, based on the CONUT score. Normal: CONUT 0-1; Mild: CONUT 2-4; Moderate: CONUT
5-8; Severe: CONUT 9-12.

and Kruskal-Wallis test for non-normally distributed data. Time-
to-event data were shown in graphs using Kaplan-Meier curves.
The survival of each group was compared by log-rank test.
Cox regression models were used to calculate the hazard ratio
(HR) and 95% confidence intervals (Cls) for mortality across
combined LVEF and/or malnutrition categories, respectively.

Models were adjusted for age, gender, hypertension (HT), DM,
PCI, coronary artery disease (CAD), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-
C), triglyceride (TRIG), CKD, statins, atrial fibrillation (AF),
anemia, and stroke. The Wald chi-square test was used
to estimate the P-value of the interaction between LVEF
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categories and malnutrition. R (ver. 4.0.3) was used in all
statistical analyses.

RESULT

Patient Characteristics

Among the 45,826 patients undergoing coronary angiography
enrolled, the mean age was 61.9 £ 10.3 years, 30,942 (67.5%)
patients were male, 5909 (12.9%) had AMI, 13,591 (29.7%)
had anemia and a total of 21,621 (47.2%) who underwent PCI
treatment. Most patients with LVEF > 40% were female; used
antihypertensive medications; had higher serum total cholesterol
(CHOL), TRIG, HDL-C, albumin (ALB), lymph cell count
(LYMPH1), Na and eGFR, and lower lipoprotein(a), white
blood cell (WBC), URIC, aspartate aminotransferase (AST),
pre-operative creatinine (pre-CREA) and N-terminal pro-B-
type natriuretic peptide (NT-proBNP). There were no apparent
differences in AF, hemoglobin (HGB) and LDL-C in the two
groups. Of the patients with LVEF < 40%, mild malnutrition
accounted for 46.5% and moderate to severe malnutrition for
22.3% by CONUT, while there were 41.6% in mild malnutritional
status and 9.3% were in moderate to severe malnutritional status
among patients with LVEF > 40%. In general, the malnutrition
status of the LVEF >40% group was better (Figure 1A). More
information on the baseline characteristics of patients enrolled
was presented in Table 1.

Malnutrition, LVEF Categories, and
Mortality

During a median follow-up time of 4.5 years (percentile 2.8—
7.1), 5,350 (11.7%) patients died. The mortality of normal, mild,
moderate and severe malnutrition was 17.9,21.9, 31.6, and 45.2%,
respectively, in patients with LVEF <40%, while the mortality of
normal, mild, moderate and severe malnutrition was 7.8, 11.7,
20.4, and 35.8%, respectively, in patients with LVEF > 40%
(Figure 1B). The Kaplan-Meier curve for the relationship of all-
cause mortality across nutritional states categorized by LVEF
was shown in Figure 2. Increasing the severity of malnutrition
demonstrated consistently higher mortality in patients with
LVEF > 40% and with LVEF < 40%.

Controlling for confounding variables, —worsening
malnutrition status was also associated with a marked upward
trend of mortality in patients with LVEF > 40% (mild, moderate,
and severe vs. normal, HR: [1.21 (1.12-1.31)], [1.56 (1.40-1.74)],
[2.20 (1.67-2.90)], respectively, p for trend <0.001). Although
there seemed to be a mildly upward trend in LVEF<40% group,
it was not significant (mild, moderate, and severe vs. normal,
HR: [1.00 (0.83-0.98)], [1.20 (0.95-1.51)], [1.41 (0.87-2.29)],
respectively, p for trend >0.05). In our study, the highest risk
of mortality was present in malnourished patients with LVEF
< 40%. However, it was unexpected that patients with LVEF >
40% had a higher malnutrition-associated risk of mortality than
those with LVEF < 40% (p for interaction <0.001) (Figure 3).
More details of the individual contribution to mortality of all
the other variables tested in the multivariate models were shown
in Supplementary Table 1. PAR for all-cause mortality in CAG

patients was greater for different degrees of malnutrition in
LVEF > 40% (normal [ref], mild [9.0%], moderate [18.4%] and
severe malnutrition [9.1%]) than those in LVEF<40% (normal
[0.6%], mild [3.0%], moderate [5.4%] and severe malnutrition
[3.1%]) (Figure 4).

DISCUSSION

To our knowledge, this is so far the first largest real-world study
to analyze the correlation of malnutrition and all-cause mortality
in different LVEF categories. The findings from the present study
were that malnutrition was common in CAG patients, and the
relationship was unparallel between nutritional status and all-
cause mortality in LVEF > 40% and LVEF < 40%. Degrees of
malnutrition can stratify the risk of mortality in patients with
LVEF > 40%, while malnutrition stratification did not appear to
predict mortality risk in patients with LVEF < 40%. This inspired
that nutritional intervention may be more effective in patients
with relatively good cardiac function.

The first issue to highlight is the prevalence of malnutrition.
We chose to study the CONUT score, which is considered as an
effective tool for identifying malnutrition in patients (12). The
main advantage of this score lies in the fact that it uses only
albumin, cholesterol and lymphocyte levels to calculate, which
can be computed from parameters readily available on routine
testing, eliminating the need for anthropometric measurements.
Based on the CONUT score, we discovered a large proportion
of our patients suffered from malnutrition. Sixty-nine percent
of patients with LVEF <40% were malnutrition (47% in mild
malnutrition status, 22% in moderate to severe malnutrition
status) and 51% were in malnutritional status (42% in mild
malnutrition, 9% in moderate to severe malnutrition) among
patients with LVEF > 40%. Previous studies had reported that
malnutrition was an important comorbidity in patients with poor
cardiac function. Agra Bermejo et al. (1) indicated that 67% of
patients with heart failure suffered from malnutrition using the
CONUT score among 145 Spanish with an average age of 69.6
years. Iwakami et al. also showed that 78% of patients with an
average age of 75 years from Japan were in bad nutritional status
based on the CONUT score among a cohort of 635 AHF patients
(14). However, few studies pay attention to the prevalence of
malnutrition in patients with relatively good cardiac function
currently. In our research, a high prevalence of malnutrition was
discovered in patients with LVEF > 40%. Nearly half of them
were in a malnourished status, suggesting that malnutrition may
be one of the most important comorbidities for patients with
relatively good cardiac function. Therefore, our research supports
the necessity of malnutrition screening in all patients hospitalized
for CAG with LVEF > 40% and with LVEF < 40%. Attention
should be paid not only to the nutritional status of patients with
LVEF < 40% but also to that in patients with LVEF > 40%.

The second issue that needs to be assessed is the relationship
between malnutrition and mortality. Surprisingly, degrees of
malnutrition were still related to all-cause death in CAG patients
with LVEF > 40% after controlling for confounders in our
research. According to studies conducted by Sze et al. (15),
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TABLE 1 | Baseline characteristics of study patients across LVEF categories.

Characteristics Overall cohort LVEF > 40% LVEF < 40% P-value
n = 45,826 n =42,181 n = 3,645

Demographic characteristics

Age, year 61.9+10.3 61.8+10.3 62.7 +10.9 <0.001

Male, n (%) 30,942 (67.5) 28,041 (66.5) 2,901 (79.6) <0.001

Medical history

AMI, n (%) 5,909 (12.9) 5,244 (12.4) 665 (18.3) <0.001

CHF, n (%) 4,870 (10.6) 3,601 (8.5) 1,269 (34.8) <0.001

Anemia, n (%) 13,591 (29.7) 12,282 (29.1) 1,309 (35.9) <0.001

Hypertension, n (%) 22,729 (49.6) 21,120 (50.1) 1,609 (44.2) <0.001

DM, n (%) 10,153 (22.2) 9,041 (21.4) 1,112 (30.5) <0.001

PCI, n (%) 21,621 (47.2) 19,629 (46.5) 1,992 (54.7) <0.001

CKD, n (%) 7,485 (16.9) 6,259 (14.8) 1,226 (33.6) <0.001

COPD, n (%) 347 (0.8) 3083 (0.7) 44 (1.2) <0.001

AF, n (%) 4,394 (9.6) 4,053 (9.6) 341 (9.4) <0.001

Laboratory tests

Lipoprotein(a), mg/dL 151.34 [82.00, 149.00 [80.92, 184.57 [98.94, <0.001
318.16] 312.42] 389.00]

WBC, 10%/L 7.68 +£2.55 7.63 +2.51 8.16 + 2.90 <0.001

HGB, g/L 133.14 + 16.88 133.18 + 16.63 132.74 £ 19.51 0.132

CHOL, mmol/L 459 +1.18 4.60 +1.18 4.48 +1.20 <0.001

TRIG, mmol/L 1.61£1.17 1.62 +£1.19 1.44 £0.88 <0.001

APOB, g/L 0.86 + 0.24 0.86 + 0.24 0.88 + 0.24 0.002

LDL-C, mmol/L 2.84 +£0.94 2.84 £0.94 2.85+0.98 0.564

HDL-C, mmol/L 1.08 £0.28 1.04 £0.28 0.97 £0.27 <0.001

HbA1c, % 6.37 +£1.30 6.34 +1.27 6.69 + 1.48 <0.001

URIC, pmol/L 400.65 + 115.76 394.96 + 110.62 466.74 + 148.82 <0.001

ALB, g/L 36.77 + 4.17 36.93 + 4.10 34.85 + 4.59 <0.001

LVEF, % 60.22 + 12.06 62.69 + 8.84 31.60 + 5.80 <0.001

LYMPH, 10%/L 1.96 +£0.74 1.98 £0.74 1.77 £0.70 <0.001

Na, mmol/L 139.15+2.94 139.23 +2.88 138.31 £+ 3.40 <0.001

AST, IU/L 24.00 [20.00, 24.00 [20.00, 27.00 [21.00, <0.001
33.00] 32.00] 42.00]

ALT, IU/L 22.00 [16.00, 22.00 [16.00, 25.00 [17.00, <0.001
33.00] 33.00] 41.00]

pre-CREA, pmol/L 84.80[71.08, 83.70 [70.60, 99.00 [83.00, <0.001
101.00] 99.00] 123.56]

NT-proBNP, pg/ml 250.50 [63.19, 195.50 [56.84, 2577.00 [1162.00, <0.001
1083.00] 821.40] 5582.00]

eGFR, mL/min/1.73m? 78.84 +24.12 79.90 + 23.81 67.51 + 24.50 <0.001

Medications

ACEI or ARB, n (%) 17,589 (39.5) 15,729 (38.3) 1,860 (52.9) <0.001

Beta-blockers, n (%) 30,545 (68.5) 27,749 (67.6) 2,796 (79.5) <0.001

Statins, n (%) 33,730 (75.7) 31,022 (75.6) 2,708 (77.0) <0.001

Follow-up date, day 1893.03 + 1090.91 1911.1 £ 1082.81 1683.43 + 1160.41 <0.001

CONUT group, n (%)

Normal 21,849 (47.68) 20,712 (49.10) 1,137 (31.19) <0.001

Mild 19,223 (41.95) 17,527 (41.55) 1,696 (46.53)

Moderate 4,485 (9.79) 3,735 (8.85) 750 (20.58)

Severe 269 (0.59) 207 (0.49) 62 (1.70)

Values are, n (%), mean + SDs, or median [IQRs]. AMI, acute myocardial infarction; CHF, congestive heart failure; DM, diabetes mellitus; PCI, percutaneous coronary intervention; CKD,
chronic kidney disease; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; WBC, white blood cell; HGB, hemoglobin; CHOL, serum total cholesterol; TRIG, triglycerides;
APOB, apolipoprotein B; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HbATc, glycosylated hemoglobin; ALB, albumin; LVEF, left ventricular
ejection fraction; LYMPH, lymph cell count; Na, sodium,; AST, aspartate aminotransferase; ALT, alanine aminotransferase; pre-CREA, pre-operative creatinine; NT-proBNF, N-terminal
pro-B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; ACEI or ARB, angiotensin-converting enzyme inhibitor or angiotensin receptor blocke; CONUT, Controlling
Nutritional Status. CONUT scores: CONUT 0-1, normal nutritional status; CONUT 2—4, mildly malnourished; CONUT 5-8, moderately malnourished; CONUT 9-12, severely malnourished.
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FIGURE 2 | Kaplan-Meier curve in terms of all-cause mortality in normal, mildly, and moderate to severe malnourished patients with and without LVEF < 40%.
Normal, Mild, Moderate, and Severe correspond to the state of malnutrition, respectively, based on the CONUT score. Normal: CONUT 0-1; Mild: CONUT 2—4;
Moderate: CONUT 5-8; Severe: CONUT 9-12.

worsening malnutrition was associated with worse outcomes
in British patients with HF using three scoring systems
(Geriatric Nutritional Risk Index—GNRI, the CONUT score and
Prognostic Nutritional Index—PNI). Additionally, Minamisawa
et al. (7) also proved that malnutrition evaluated by the GNRI
was an important factor affecting all-cause death which should
not be neglected in patients with HFpEF. However, previous
studies were only focused on the relation between malnutrition
and mortality in patients with poor cardiac function. Indeed,
we found that malnourished patients have a higher mortality
rate than those with normal nutrition among patients with
LVEF > 40%. Although the highest risk of mortality was
present in malnourished patients with LVEF < 40%, it is
important to note that patients with LVEF > 40% have a

higher malnutrition-associated risk of mortality. What's more,
in our study, we found that variables with significant hazard
ratios in the Cox regression analysis between different LVEF
categories were also different, among of which, gender, CAD,
LDL-C, Statins, AE, and Stroke variables had significant hazard
ratios in the Cox regression analysis in LVEF > 40% group,
but not in the LVEF < 40% group. This suggests that we
may need to pay more attention to these variables with
significant hazard ratios in patients with LVEF > 40%. Clinical
malnutrition screening and intervention should be attached great
importance to CAG patients with LVEF > 40% and with LVEF
< 40%.

The mechanistically plausible explanations for the association
among malnutrition, cardiac function and mortality in patients
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FIGURE 3 | Hazard ratios for all-cause mortality stratified by the nutritional state in patients with LVEF > 40% and LVEF < 40%. Model adjusted for age, gender,
percutaneous coronary intervention; hypertension; diabetes mellitus; anemia; stroke; coronary artery disease; chronic kidney diseases; atrial fibrillation; low-density
lipoprotein cholesterol; high-density lipoprotein cholesterol; triglycerides and statins. *p-value for interaction test: 2-way interaction of malnutrition (normal vs. mild,
moderate, and severe) were severely malnourished and LVEF categories (LVEF > 40% vs. LVEF < 40%).

HR(95% CI) p-value PAR, %

LVEF 240%

Normal ref ref [ ] ref

Milld 1.22(1.13-1.31) <0.001 L] 9.04%

Moderate 1.59(1.43-1.76) <0.001 = 18.41%

Severe 2.23(1.70-2.94) <0.001 —a— 9.11%
LVEF <40%

Normal 2.30(1.98-2.68) <0.001 - 0.58%

Mild 2.23(1.97-2.52) <0.001 - 2.96%

Moderate 2.53(2.16-2.96) <0.001 - 5.36%

Severe 2.94(1.90-4.56) <0.001 —— 3.08%

<-Lowe£)risk R Hig;her rislé—>

FIGURE 4 | Hazard ratios and population-attributable risk for all-cause mortality across malnutrition and LVEF categories. Model adjusted for age, gender,
percutaneous coronary intervention, hypertension, diabetes mellitusc, anemia, stroke, coronary artery disease, chronic kidney diseases, atrial fibrillation, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides and statins.

with CAG are as follows. For patients with poor cardiac function,  increased burden of death. Metabolites and cytokines released
LV dysfunction caused the release of natriuretic peptides (16),  under malnutrition may adversely affect cardiac performance
which stimulated lipolysis of adipose tissue (17), and indirectly ~ (19) which may also contribute to mortality. Another likely
stimulated the secretion of adiponectin to promote glucose  explanation for the high mortality of malnutrition is that
and fatty acid utilization (18), resulting in weight loss and  nutritional status may correlate with inflammation (20, 21).
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The increased risk of mortality is because chronic inflammatory
diseases were connected with muscle catabolism, catabolic
cytokines, albumin consumption and appetite suppression (21).
In addition, frailty may be a potentially important link mediating
an association between malnutrition and poor health outcomes
(22). The likely explanation for the interaction between LVEF
categories and malnutrition-associated mortality in our study is
that patients with LVEF < 40% at baseline were more likely to
be weaker and their conditions at baseline were poorer, thereby
associating with a relatively high level of mortality. The impact of
malnutrition may be hidden by stronger competing risk factors
(LVEF < 40%) for mortality. Owing to the effect, the contribution
of malnutrition to prognosis was relatively reduced, and the
influence of malnutrition-related mortality was relatively flat. As
for those with relatively good cardiac function, their all kinds
of body functions were more active, more likely to respond to
changes in malnutrition, and more vulnerable to changes in
malnutrition, which may cause a rapid increase in the risk of
mortality in malnutrition.

Based on our findings, clinicians are strongly recommended
to conduct early identification, preventive treatment, nursing
management and pharmacologic treatment for the impact of
malnutrition on prognosis in CAG patients with different
categories of LVEF (23). Screening CAG patients with different
categories of LVEF for malnutrition in hospital may identify
patients at high risk of adverse outcomes to help them
tailor individual treatment on time. At present, the main
recommendations of intervention measures in the guidelines
for malnourished patients include changing diet, enhancing
exercise, and nutritional supplements (24). For malnourished
patients with LVEF > 40%, malnutrition may be more easily
improved and they are more likely to benefit after improvement.
A number of multidisciplinary strategies encourage these patients
to accept oral nutritional supplements, food/fluid fortification or
enrichment, dietary counseling, and educational interventions
to improve their malnutrition state (25). For malnourished
patients with LVEF < 40%, heart treatment is mainly taken and
nutrient supplement is the secondary auxiliary means. Entresto
is approved by United States Food and Drug Administration
(US FDA) for heart failure treatment. It is verified as an
effective therapy in treating heart failure with reduced LVEF (26).
Similarly, CRT and SGLT2i are two effective therapies for HFrEF
which can improve the quality of life as well as reduce the rate of
heart failure hospitalizations and mortality (27, 28). Moreover,
physicians should keep up with the current scientific evidence
to combine with their clinical experience to offer the most
advantageous, personalized, and optimal protective treatment.

LIMITATION

Nevertheless, there are some limitations to this study. First,
because it is a single-center, observational study, our findings
didn’t reflect direct causation. We must always be aware
of the potential for residual and uncontrolled confounding
which may explain the correlation to some extent. Due to
the observational study design, it is necessary to conduct

a prospective clinical trial. Unfortunately, information on
socioeconomic characteristics, height, weight and/or body
composition that might help us understand malnutrition in
multiple dimensions was not available. Second, it’s essential to
further compare the value of the CONUT score tool on the
prognosis of patients with other comprehensive malnutrition
scoring tools for the reason that malnutrition is a complex
problem, especially in elders, which is caused by a variety
of factors. Furthermore, our data did not collect information
on causes of death, so we cannot directly determine which
causes of mortality were directly related to malnutrition.
Finally, we only included Chinese individuals that might be
restricted regarding generalization across ethnicities; however,
we are not aware of whether any data in this study are
applicable for other people of most ethnicities. More studies
from different countries with other health management and
social systems are indispensable to confirm these findings by
other researchers.

CONCLUSION

Malnutrition is common in CAG patients with LVEF
> 40% and LVEF < 40%. Unexpectedly, our findings
indicate that malnutrition has a greater effect on prognosis
and a higher PAR in patients with LVEF > 40% than
LVEF<40%. Greater attention needs to be given to
malnutrition in patients with LVEF > 40%. The findings
can be translated into further researches to optimize the
outcomes at risk stratification through malnutrition and the
LVEEF category.
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