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Aim: This study aimed to elucidate the relationship between the prognostic nutrition index (PNI) of patients with coronary heart
disease (CHD) and the New York Heart Association (NYHA) classification and the complex relationship between PNI combined body
mass index (BMI) and NYHA classification.

Methods: The PNI was applied to 17,413 consecutive patients with CHD. Patients were divided into three groups according to PNI:
normal nutrition (PNI > 38), moderate malnutrition (35 < PNI < 38), and severe malnutrition (PNI < 35). A total of 2,052 CHD
patients with BMI were selected and stratified by combined subgroups of nutritional status and BMI. Logistic regression analysis was
used to evaluate the relationship between the PNI and NYHA classification and to adjust for confounding factors.

Results: The prevalence of malnutrition among the 17,413participants with CHD was 4.2%. Moderate and severe malnutrition were
significantly related to NYHA class III and V, and the strongest relationship was observed in NYHA class V (odd ratio [OR]: 6.564;
95% confidence interval [CI]: 4.043-10.658). Malnourished-underweight patients and malnourished-overweight patients were sig-
nificantly associated with higher NYHA classification, and malnourished-underweight patients (OR: 8.038; 95% CI: 2.091-30.892)
were significantly more than malnourished-overweight patients (OR: 3.580; 95% CI: 1.286-9.966).

Conclusion: There were differences in the NYHA classification of CHD patients with different nutritional statuses. The lower the
PNI, the worse the NYHA classification of CHD patients. Malnourished-underweight patients had a worse NYHA classification than
malnourished-overweight patients.

Keywords: coronary heart disease, prognostic nutrition index, malnourished-underweight, malnourished-overweight, New York Heart
Association classification

Introduction

Cardiovascular diseases (CVD) are the leading causes of death and disease burden globally.' The incidence rate increased
from 271 million in 1990 to 523 million in 2019, and the death toll increased steadily from 12.1 million in 1990 to 18.6 million
in 2019, making it an important public health challenge.* Atherosclerosis (AS) is the major cause of coronary heart disease
(CHD) and other CVD. In 2016, approximately 2.4 million people died of atherosclerotic cardiovascular disease (ASCVD),
accounting for 61% of all CVD deaths.®’ Malnutrition is usually caused by insufficient or unbalanced nutrient intake, leading
to insufficient calories, protein, or other nutrients needed for tissue maintenance and repair. Currently, malnutrition affects
every stage of life and is a global health problem affecting more than 1 billion people. However,® to a large extent, clinicians
understand the insufficiency and shortage of treatment.” Malnutrition is common in patients with CVD, and various
physiological changes and psychological pressures caused by CVD affect the nutritional status of individuals, especially in
some acute diseases, which often lead to nutritional imbalance. Therefore, rapid assessment and improvement in nutritional
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status play a vital role in the treatment and prognosis of patients with CVD.'® Prognostic nutritional index (PNI) is a new
nutritional immune inflammation index determined by analyzing the complex linear prediction model of serum albumin level,

transferrin, delayed hypersensitivity, and triceps skinfold thickness.'' PNI has been used to evaluate the nutritional status of

1213 studies have shown that PNI is independently related to

14,15

patients with various diseases and is easy to calculate. Recently,
the long-term survival of hospitalized patients with severely decompensated acute heart failure, and it is an important
independent predictor of coronary collateral development and clinical outcome in patients with acute ST-segment elevation
myocardial infarction (STEMI) undergoing primary percutaneous coronary intervention.'® Recent research has shown that
PNI is inversely and significantly associated with the development of contrast-associated acute kidney injury in acute STEMI.
Assessing PNI at admission may be useful for the early risk stratification of patients with STEMI.!” Another study showed that
alower PNI value is independently related to the in-hospital mortality of acute Stanford type A aortic dissection (ATAAD) and
may be a useful tool for predicting the early mortality of ATAAD patients after surgical repair.'®'" However, malnutrition
assessed by PNI is manifested as being underweight or overweight. PNI combined with body mass index (BMI) may better
reflect the nutritional status of the patients. However, few studies have explored the relationship between PNI and New York
Heart Association (NYHA) classification, and data are particularly scarce for people with CHD. Therefore, we aimed to
elucidate the relationship between the PNI of patients with CHD and NYHA classification and the complex relationship
between the PNI combined with the BMI and NYHA classification.

Methods

Participants
A total of 107,301 patients with CHD diagnosed in six tertiary hospitals in Tianjin, China, from January 1, 2014, to
September 30, 2020, were selected as the study participants. Patients with CHD were identified with at least one or more
of the International Classification of Disease codes obtained from the hospital’s diagnosis and treatment system.
Patients below 35 or above 75 years, patients with severe liver and renal failure, infection, tumor, and cancer, and
patients without clear NYHA classification and lack of PNI were included in this study. Finally, 17,413 patients were
enrolled in the study. A flow chart of case screening is shown in Figure 1. This study was conducted in accordance with
the principles of the Declaration of Helsinki. The registration number of the China Clinical Trials Register is
ChiCTR 1900024535, and the registration number of American Clinical Trials.gov is NCT04026724. This study was
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Figure | The flow chart of case screening.

approved by the Ethics Committee of Tianjin University of Traditional Chinese Medicine. The approval number for the
reviewed institutions is TTUTCM-EC2019008.

Data Collection

We collected the clinical data of patients’ hospitalization, including demographics, such as age, sex, ethnicity, smoking,
and drinking history, from the hospital diagnosis and treatment system. Basic demographic data were collected and
recorded by the hospital doctors through standard structured questionnaires 4 h after admission. The NYHA classification
was evaluated by a doctor within 24 h after admission. Fasting blood samples were collected from the study center in the
morning.”® Lymphocytes (LYM) were measured using an automatic hematology analyzer. Albumin (ALB), total
cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), fasting blood glucose (FBQG), glycated hemoglobin Alc (HbAlc), and lactate dehydrogenase (LDH) levels
were measured using an automatic biochemical analyzer. Fibrinogen (FIB) and D-dimer levels were measured using an
automatic coagulation analyzer. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in the
right arm artery of the subject using a standard electronic sphygmomanometer after the patient rested in a supine position
for 5 min. The accuracy and reproducibility of the results were ensured by consistent training and systematic analytical
processes of hospital doctors.?’*?> Hypertension was defined as SBP >140 mmHg and DBP >90 mmHg.>*~*
Hyperlipidemia was defined as TC >6.2 mmol/L (240 mg/dL), TG >2.3 mmol/L (200 mg/dL) or LDL-C >4.1 mmol/L
(160 mg/dL), HDL-C<1.0 mmol/L (40 mg/dL), or the use of oral lipid-lowering drugs or a self-reported doctor’s
diagnosis.*® Type 2 diabetes was defined as a FBG level >7.0 mmol/L, the use of oral hypoglycemic agents or insulin, or
a self-reported doctor’s diagnosis.®?’

The PNI was calculated as follows: albumin (ALB, g/L)+ 5xlymphocytes (LYM, 10°/L). According to the PNI,
patients were divided into three groups: normal nutrition group (PNI>38), moderate malnutrition (35<PNI<38), and
severe malnutrition (PNI<35).*® According to the NYHA classification, cardiac function can be divided into four grades:
NYHA class I: physical activity is unrestricted, and daily activities do not cause excessive fatigue, dyspnea, or
palpitation; NYHA class II: slightly limited physical activity, no symptoms at rest, daily activities can cause fatigue,
palpitation, dyspnea, or angina pectoris; NYHA class III: physical activity is considerably limited, and there are no
symptoms at rest, which can be caused by activities lighter than daily activities; NYHA class V: cannot engage in any
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physical activity, and also have symptoms of congestive HF or angina pectoris at rest, which is aggravated after any
physical activity.

A total of 2,052 patients with BMI data were screened from 17,413 participants. BMI was calculated for all patients
and defined as the body weight (in kilograms) divided by the square of the body height (in meters).** According to the
World Health Organization (WHO) Asian critical value, BMI was divided into underweight (BMI<18.5), normal weight
(18.5<BMI<25), and overweight (BMI>25). Patients were stratified by combined subgroups of nutritional status and
BMI: well-nourished-normal weight group (PNI>38, 18.5<BMI<25), well-nourished-overweight group (PNI>38,
BMI>25), well-nourished-underweight group (PNI>38, BMI<I8.5), malnourished-normal weight group (PNI<38,
18.5<BMI<25), malnourished-overweight group (PNI<38, BMI>25), and malnourished-underweight group (PNI<38,
BMI<18.5).

Statistical Analyses

Statistical analyses were performed using IBM SPSS Statistics 19.0 (IBM Corp, New York, NY, USA). Descriptive
statistics were presented as median (interquartile range (IQR)) for continuous variables and number (%) for categorical
variables. Baseline characteristics were compared using the Kruskal-Wallis H analysis of variance test and > test for
continuous and categorical variables, respectively. Ordered logistic regression analysis was used to evaluate the relation-
ship between the PNI of patients with CHD and the NYHA classification. However, ordered logistic regression analysis
violated the test proportional odds assumption. Accordingly, multivariate logistic regression analysis was used to
evaluate the relationship between the PNI of patients with CHD and the NYHA classification. Binary logistic regression
analysis of the relationship between PNI combined with BMI and the NYHA classification was performed. Three logistic
regression models were constructed: Model a: unadjusted; Model b: adjusted for age, sex, SBP, DBP, FBG, and HbAlc;
Model ¢ was based on model 2 with TC, TG, HDL-C, LDL-C, smoking, drinking, hypertension, hyperlipidemia, use of
antihypertensive medication, and use of antilipidemic medication. Collinearity between independent variables was
evaluated to ensure that it was appropriate to include them in the same model. Missing values were imputed using the
multiple imputation method, calculated by the chain equation, and five complete datasets were created. Statistical
significance was set at P<0.05.

Result

Baseline Demographics of the Study Participants

The baseline demographics of the study participants are shown in Table 1. The mean age of the patients was 64 (59—-69)
years, males constituted 55.5%. The highest number of patients with NYHA class II was 9,739 (55.9%), 7,071 (40.6%)
patients had hypertension, and 5,739 (33.0%) patients had diabetes. FBG, LDH, FIB, D-dimer, diabetes, current
antihypertensive medication, and hospitalization time were positively correlated with malnutrition, whereas HDL-C
was negatively correlated with malnutrition.

Relationship Between Univariate and NYHA Classification

As shown in Table 2, sex, age, SBP, FBG, HbAlc, TC, TG, HDL-C, LDL-C, FIB, D-dimer, LDH, drinking history,
current antilipidemic medication, and current antihypertensive medication were all related to NYHA classes II, III, and
IV; smoking history was related to NYHA classes II and III. Hypertension history was related to NYHA classes II and IV.
DBP and diabetes history were related to NYHA class III and IV.

Relationship Between PNI Index and NYHA Classification

Three logistic regression models were constructed to evaluate the relationship between the PNI and NYHA classification
(Table 3). In the multivariate logistic regression analysis, when the PNI was a continuous variable, it was significantly
related to NYHA class III and IV. The strongest association was observed for NYHA class IV (odd ratio [OR]: 0.863;
95% confidence interval [CI]: 0.850-0.877). After PNI was used as a classification variable, moderate and severe
malnutrition were significantly related to NYHA class III and IV, and the highest association was observed in NYHA
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Table | Baseline Demographics of Study Participants

Characteristic Total (N=17413) PNI P-value
Normal (N=16684) Moderate (N=374) Severe (N=355)

Sex <0.001

Male, n (%) 9657(55.5) 9192(55.1) 235(62.8) 230(64.8)

Female, n (%) 7756(44.5) 7492(44.9) 139(37.2) 139(37.2)
Age, years, median (IQR) 64(59-69) 64(58-69) 67(61-71) 66(60-70) <0.001
Occupation, n (%) <0.001

Worker, n (%) 297(1.7) 281(1.7) 7(1.9) 9(2.5)

Farmer, n (%) 199(1.1) 186(1.1) 8(2.1) 5(1.4)

Cadre, n (%) 124(0.7) 119(0.7) 2(0.5) 3(0.8)

Clerk, n (%) 367(2.1) 362(2.2) 1(0.3) 4(1.1)

Retirement, n (%) 5512(31.7) 5190(31.1) 154(41.2) 168(43.7)

Others, n (%) 10,914(62.7) 10,546(63.2) 202(54.0) 166(46.8)
SBP, mmHg, median (IQR) 134(120-149) 134(120-149) 130(115-150) 130(115-150) 0.010
DBP, mmHg, median (IQR) 80(72-89) 80(72-89) 80(70-88) 80(70-89) 0.007
FBG, mmol/L, median (IQR) 5.71(4.92-7.40) 5.70(4.93-7.36) 6.00(4.70-8.51) 6.03(4.90-8.18) 0.035
HbAlc, %, median (IQR) 6.30(5.60-7.20) 6.28(5.60-7.20) 6.53(5.68-7.56) 6.60(5.76-7.60) <0.001
TC, mmol/L, median (IQR) 4.36(3.64-5.16) 4.39(3.66-5.17) 3.84(3.164.51) 3.88(3.08-5.03) <0.001
TG, mmol/L, median (IQR) 1.45(1.05-2.07) 1.47(1.06-2.09) 1.10(0.81-1.58) 1.21(0.82-1.59) <0.001
HDL-C, mmol/L, median (IQR) 1.07(0.91-1.27) 1.08(0.92—-1.28) 0.98(0.79-1.19) 0.93(0.73-1.19) <0.001
LDL-C, mmol/L, median (IQR) 2.55(1.98-3.23) 2.56(1.99-3.23) 2.34(1.74-2.87) 2.37(1.74-3.32) 0.018
LDH, U/L, median (IQR) 189.50(163.00-229.00) 188.10(162.10-227.00) 217.00(177.00-303.00) 237.00(190.00-314.50) <0.001
FIB, g/L, median (IQR) 3.15(2.67-3.68) 3.13(2.67-3.65) 3.73(2.99-4.79) 4.30(3.01-5.68) <0.001
D-dimer, mg/L, median (IQR) 0.38(0.23-0.63) 0.36(0.23-0.60) 0.85(0.47-1.67) 1.16(0.62-2.13) <0.001
Smoking, n (%) 7754(44.5) 7389(44.3) 187(50.0) 178(50.1) 0.009
Drinking, n (%) 5454(31.3) 5207(31.2) 125(33.4) 122(34.4) 0.302
Hypertension, n (%) 7071(40.6) 6806(40.8) 133(35.6) 233(37.2) 0.052
Hyperlipoidemia, n (%) 9200(52.8) 8734(52.3) 222(59.4) 244(68.7) <0.001
Diabetes, n (%) 5739(33.0) 5444(32.6) 140(37.4) 155(43.7) <0.001
Current antilipidemic medication, n (%) 5202(29.9) 4970(29.8) 119(31.8) 113(31.8) 0.501
Current antihypertensive medication, n (%) 6430(36.9) 6095(36.5) 165(44.1) 170(47.9) <0.001
Hospitalization time, day, median (IQR) 7(4-12) 7(4-12) 10(6-14) 11(7-15) <0.001
NYHA classification, n (%) <0.001

NYHA class | 4494(25.8) 4380(26.2) 63(16.8) 51(14.4)

NYHA class Il 9739(55.9) 9488(56.9) 139(37.2) 112(31.5)

NYHA class Il 2756(15.8) 2467(14.8) 132(35.3) 157(44.2)

NYHA class IV 424(2.4) 349(2.1) 40(10.7) 35(9.9)

Abbreviations: IQR, interquartile range; PNI, prognostic nutrition index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin Alc; TC, total cholesterol; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LDH, lactate dehydrogenase; FIB, fibrinogen; NYHA, New York Heart Association.
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Table 2 Relationship Between Univariate and NYHA Classification

NYHA Class Il NYHA Class Il NYHA Class IV
[ OR (95% CI) [ OR (95% CI) B OR (95% CI)

Sex

Male Reference

Female 0.726 2.067(1.919-2.225)** 0.517 1.677(1.521-1.849)** 0.460 1.584(1.294—1.938)**
Age, years 0.035 1.035(1.031-1.046)** 0.055 1.056(1.050—-1.063)** 0.076 1.079(1.064—1.095)**
SBP, mmHg 0.007 1.008(1.006—1.009)** 0.007 1.007(1.005—-1.009)** 0.005 1.007(1.005-1.009)*
DBP, mmHg 0.000 1.000(0.997-1.003) 0.007 1.007(1.003—1.01 1)** 0.015 1.015(1.007—-1.022)**
FBG, mmol/L 0.057 1.059(1.043—1.074)** 0.116 1.123(1.104-1.142)** 0.149 1.160(1.129—-1.192)**
HbAl¢c, %, median (IQR) —0.031 0.969(0.944-0.995)* 0.069 1.071(1.036—1.108)** 0.155 1.168(1.094—1.247)**
Smoking

No Reference

Yes 0417 1.158(1.414-1.630)** 0.126 1.134(1.032—-1.247)** —0.064 0.938(0.768-1.145)
Drinking

No Reference

Yes 0414 1.512(1.403—-1.629)** 0.308 1.361(1.231-1.506)** 0.325 1.384(1.115-1.716)**
Hypertension

No Reference

Yes 0.161 1.175(1.091-1.265)** —0.044 0.957(0.868—1.055) —0.422 0.655(0.537-0.801)**
Diabetes

No Reference

Yes 0.067 1.069(0.991-1.153) 0.189 1.208(1.092—1.335)** 0.274 1.315(1.070-1.617)**
Current antilipidemic medication

No Reference

Yes -1.717 0.180(0.160-0.201)** —2.258 0.105(0.092-0.119)** —2.835 0.059(0.047-0.073)**
Current antihypertensive medication

No Reference

Yes —1.487 0.224(0.205-0.249)** —2.207 0.110(0.098-0.123)** —2.943 0.053(0.042-0.067)**
TC, mmol/L, median (IQR) —0.042 0.959(0.931-0.988)** —0.167 0.847(0.812-0.883)** —0.328 0.720(0.655-0.79 1 )**
TG, mmol/L, median (IQR) —0.060 0.942(0.919-0.965)** -0.179 0.836(0.800-0.874)** —0.633 0.531(0.459-0.615)**
HDL-C, mmol/L, median (IQR) 0.274 1.315(1.167—-1.483)** —0.6021 0.548(0.462-0.50)** —0.692 0.500(0.347-0.722)**
LDL-C, mmol/L, median (IQR) —-0.075 0.928(0894-0.962)** —0.100 0.905(0.860-0.951)** —-0.122 0.885(0.795-0.985)*
FIB, g/L, median (IQR) 0.085 1.089(1.051—1.128)** 0.347 1.415(1.354—1.479)** 0.517 1.677(1.557—-1.808)**
D-dimer, mg/L, median (IQR) 0.097 1.102(1.037—-1.172)** 0.513 1.671(1.565—1.784)** 0.625 1.869(1.725-2.025)**
LDH, U/L, median (IQR) —0.005 0.995(0.995-0.996)** —0.002 0.998(0.998-0.998)** 0.001 0.999(0.999-1.000)*

Notes: Compared with NYHA class I: *P<0.05, **P<0.01.

Abbreviations: OR, odds ratio; Cl, confidence interval; 5, regression coefficient; IQR, interquartile range; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG,
fasting blood glucose; HbAc, glycosylated hemoglobin Alc; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; LDH, lactate dehydrogenase; FIB, fibrinogen; NYHA, New York Heart Association.
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Table 3 Relationship Between PNI and Classification of NYHA

Variables NYHA Class Il
B OR? (95% CI) B OR® (95% ClI) B OR€ (95% CI)
PNI —0.004 0.996(0.990-1.002) 0.001 1.001(0.995-1.007) 0.005 1.005(0.999-1.012)
Normal (PNI=38) Reference Reference Reference
Moderate (35<PNI<38) 0.018 1.019(0.755-1.375) 0.035 1.035(0.764-1.402) —0.030 0.971(0.713-1.323)
Severe (PNI<35) 0.014 1.014(0.727-1.414) 0.077 1.081(0.771-1.513) 0.073 1.076(0.762-1.519)
NYHA class Il
B OR? (95% ClI) B OR® (95% Cl) B OR€ (95% ClI)
PNI —0.084 0.920(0.912-0.927)** —0.076 0.927(0.919-0.935)** —0.067 0.935(0.927-0.944)**
Normal (PNI=38) Reference Reference Reference
Moderate (35<PNI<38) 1.314 3.720(2.744-5.042)** 1.257 3.514(2.576-4.794)** 1.098 2.997(2.165—4.148)**
Severe (PNI<35) 1.698 5.466(3.970-7.525)** 2.005 5.577(4.024-7.730)** 1.586 4.883(3.455-6.901)**
NYHA class IV
B OR*® (95% Cl) B OR® (95% CI) B OR® (95% Cl)
PNI —0.147 0.863(0.850-0.877)** —0.138 0.871(0.857-0.886)** —0.124 0.883(0.868-0.899)**
Normal (PNI=38) Reference Reference Reference
Moderate (35<PNI<38) 2.075 7.968(5.283-12.018)** 1.955 7.067(4.639-10.767)** 1.691 5.422(3.469-8.578)**
Severe (PNI<35) 2.153 8.613(5.526—13.424)** 2.145 8.545(5.431-13.444)** 1.882 6.564(4.043-10.658)**

Notes: Model a: unadjusted; Model b: adjusted for age, sex, SBP, DBP, FBG; HbAlc, Model c: adjusted for age, sex, SBP, DBP, FBG; HbAlc, TC, TG, HDL-C, LDL-C,
smoking, drinking, hypertension, hyperlipidemia, use of antihypertensives, and use of antilipidemic, Compared with NYHA class |, *¥P<0.01.
Abbreviations: OR, odds ratio; Cl, confidence interval; f, regression coefficient; IQR, interquartile range; NYHA, New York Heart Association; PNI, prognostic nutrition index.

class IV (OR: 8.613; 95% CI: 5.526-13.424). In the further adjusted Model 3 (Figure 2), moderate and severe
malnutrition were still significantly related to NYHA class III and IV, and the highest association was observed in
NYHA class IV (OR: 6.564; 95% CI: 4.043—10.658).

Relationship Between PNI Combined with BMI and NYHA Classification

Three logistic regression models were constructed to evaluate the association between PNI, BMI, and NYHA classification
(Table 4). In the multivariate logistic regression analysis, we observed that malnourished-underweight patients and mal-
nourished-overweight patients were significantly associated with poor NYHA classification, and malnourished-underweight
patients (OR: 10.132; 95% CI: 2.712-37.852) were more than malnourished-overweight patients (OR: 4.825; 95% CI: 1.809—
12.870). In the further adjusted Model ¢ (Figure 3), the number of malnourished-underweight patients (OR: 8.038; 95% CI:
2.091-30.892) was still higher than that of malnourished-overweight patients (OR: 3.580; 95% CI: 1.286-9.966).

Discussion

This study demonstrated that PNI, a new index of immune nutrition and inflammation, was significantly related to the
NYHA classification of patients with CHD.'®*° Previous studies have shown that malnutrition is highly prevalent among
patients with congestive heart failure (CHF) and is strongly associated with NYHA classification, disease severity, and
increased mortality.® One study that examined the acute coronary syndrome (ACS) effect of malnutrition showed that
malnutrition may be the trigger of ACS risk,®' leading to an increase in AS burden and the risk of plaque rupture, and is
closely related to an increase in mortality and cardiovascular events.**** Another study showed that PNI was
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Figure 2 Relationship between PNI and NYHA classification, **:P<0.01.
Abbreviations: PNI, prognostic nutrition index; NYHA, New York Heart Association classification.

significantly related to ventricular remodeling and diastolic function. An increase in PNI may improve cardiac function
and reduce the incidence of cardiovascular events, thus reducing mortality. These results are consistent with our
results.>* ¢

Generally, obesity is a recognized and important predictor of morbidity and mortality of patients with CVD and other
diseases (including chronic nephropathy and chronic obstructive pulmonary disease).’’*® However, some studies have
reported that obesity is related to reduced mortality in patients with HF.***' A meta-analysis using BMI to relate
nutritional status with HF has shown that obese patients with HF lived longer than non-obese patients; this finding was

called the “obesity paradox”. Importantly, we observed that malnourished-underweight patients had a higher risk of

Table 4 Relationship Between PNI Combined BMI and NYHA Classification

PNI Combined BMI (N=2,052) NYHA Class Ill and IV

B OR® (95% CI) [ OR® (95% CI) B OR® (95% CI)
Well-nourished-normalweight (PNI238, 18.5<BMI<25) Reference Reference Reference
Well-nourished-overweight (PNI=38, BMI=25.0) 0.101 1.106(0.891-1.373) 0.054 1.056(0.846—1.318) 0.016 1.016(0.811-1.274)
Well-nourished-underweight (PNI=38, BMI<18.5) 0.524 1.689(0.994-2.867) 0.542 1.719(1.001-2.952)* 0.560 1.751(1.010-3.033)*
Malnourished-normal weight (PNI<38, |18.5<BMI<25) 0.657 1.930(0.558-6.672) 0.306 1.358(0.386-4.771) 0.195 1.215(0.331-4.456)
Malnourished-overweight (PNI<38, BMI225.0) 1.574 4.825(1.809-12.870)** 1.369 3.930(1.425-10.834)** 1.275 3.580(1.286-9.966)*
Malnourished-underweight (PNI<38, BMI<I8.5) 2316 10.132(2.712-37.852)** | 2282 | 9.797(2.555-37.567)** | 2.084 | 8.038(2.091-30.892)**

Notes: Model a: unadjusted; Model b: adjusted for age, sex, SBP, DBP, FBG; HbAlc, Model c: adjusted for age, sex, SBP, DBP, FBG; HbAlc, TC, TG, HDL-C, LDL-C,
smoking, drinking, hypertension, hyperlipidemia, use of antihypertensives, and use of antilipidemic, Compared with NYHA class I, ¥:P<0.05, **:P<0.01.

Abbreviations: OR, odds ratio; Cl, confidence interval; 5, regression coefficient; PNI, prognostic nutrition index; BMI, body mass index; NYHA, New York Heart
Association.
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Figure 3 Relationship between PNI combined BMI and NYHA classification, *¥:P<0.01.

worse NYHA classification than malnourished-overweight patients in this study, which further verified the “obesity
paradox”, which is highly debated. Interestingly, recent studies have shown that malnourished-overweight individuals
have the highest burden of complications, unsuitable cardiac remodeling, and the worst cardiac prognosis compared to
malnourished-underweight individuals. We believe this inconsistency may be because BMI, waist-hip ratio, and body fat
percentage were used as the definitions for being overweight and underweight in this study. In contrast, BMI was only
used as the definition of weight loss and obesity in our study.**** Studies have shown that the obesity paradox is
observed only when BMI is used to define obesity, further verifying that our hypothesis may be reasonable.

This was a large-scale, multicenter clinical study in China, with a relatively large amount of data and more convincing
results. However, this study had some limitations. First, this was a cross-sectional study, which could not explain the
causal relationship between the PNI and NYHA classification in patients with CHD. In addition, we used only the NYHA
classification to evaluate CHD severity. Other examination results, such as the coronary angiography Gensini score, may
be more sensitive; however, these examination results were relatively few in our study. Hence, this relationship needs to
be verified in future prospective studies combined with more objective indicators such as the Gensini score and coronary
artery lesion index. Finally, due to the missing data on BMI in this study, the number of malnourished-overweight and
malnourished-underweight patients was relatively small; thus, the results may be biased.

Nevertheless, our study was novel in comprehensively evaluating the relationship between the PNI of patients with
CHD and NYHA classification and the complex relationship between the PNI combined with BMI and NYHA
classification.

Conclusion
Overall, PNI was significantly related to the NYHA classification. Clinicians can highlight PNI to evaluate the nutrition
of patients with CHD and perform early interventions, especially for malnourished underweight patients.

Abbreviations

RCSCD-TCM, Retrospective Cohort Study on Adjuvant Treatment of Coronary Heart Disease Angina Pectoris With
Chinese Patent Medicine; PNI, Prognostic Nutrition Index; NYHA, New York Heart Association; BMI, body mass index;
CHD, coronary heart disease; AS, atherosclerosis; CVD, cardiovascular diseases; ASCVD, atherosclerotic cardiovascular
disease; STEMI, ST-segment elevation myocardial infarction; ATAAD, Stanford type A aortic dissection; WHO, World
Health Organization; CHF, congestive heart failure; ACS, acute coronary syndrome; HF, heart failure; LYM,
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