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Objective: Current evidence indicates that nutrition plays an important role in cardiovascular disease risk monitoring and prognosis
assessment. Therefore, this study aimed to evaluate the correlation between the prognostic nutritional index (PNI) and major adverse
cardiovascular events (MACE) in patients with triple - vessel coronary heart disease (TV - CHD).

Methods: In this single - center retrospective cohort study, 547 patients with TV - CHD admitted to Liaocheng People’s Hospital from
January 2020 to January 2023 were enrolled. Univariate and multivariate Cox regression analyses, subgroup and sensitivity analyses,
receiver operating characteristic (ROC) curve analysis, and Kaplan - Meier survival analysis were performed to assess the association
between PNI and time to first MACE.

Results: During a median follow - up period of 38.5 months, 176 MACE events occurred (32.2%). Multivariate Cox regression
analysis showed that after adjusting for all confounding factors, each one - unit increase in PNI was associated with a 2.9% reduction
in MACE risk (HR 0.971, 95% CI 0.947-0.997, P = 0.026). Compared with the T1 group, the T3 group had a 34.5% lower risk of
MACE (HR 0.655, 95% CI 0.447-0.960, P = 0.030). Multiple subgroup and sensitivity analyses further confirmed the robustness of
the results. Time - dependent ROC analysis indicated that PNI had modest predictive value for MACE risk (overall population:
time=dependent AUC at 12, 24, and 36 months were 0.588, 0.575, and 0.562). Kaplan - Meier survival curves demonstrated significant
differences in cumulative MACE risk among PNI tertiles, with the T1 group having the poorest prognosis (Log - rank P = 0.010).
Conclusion: Lower PNI levels are independently associated with an increased risk of MACE in TV - CHD patients. Given its modest
discriminatory ability, PNI should be considered a readily available, cost - effective supplementary biomarker that may provide
adjunctive prognostic value in the comprehensive assessment of this high - risk population.

Keywords: coronary heart disease, triple - vessel disease, prognostic nutritional index, major adverse cardiovascular events, risk
prediction, retrospective study

Introduction

The China Cardiovascular Health and Disease Report 2024 points out that with the development of the social economy—
especially the acceleration of population aging and urbanization—cardiovascular disease (CVD) remains the leading cause of
death among urban and rural residents in China, with coronary heart disease (CHD) ranking first in prevalence among these
conditions." Preliminary survey results show that the prevalence of CHD among Chinese residents aged > 18 years is 758 per
100,000, and the rate increases rapidly with age.' The diagnosis and treatment of CHD remain challenging, particularly for
patients with triple - vessel CHD (TV - CHD). Because these patients have lesions in all three major coronary arteries, they
usually present with diffuse and severe atherosclerosis, often accompanied by impaired cardiac function, and are therefore
classified as a high - risk group within CHD. Numerous randomized clinical trials have shown that even after coronary
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intervention or bypass surgery, these patients still face a high risk of major adverse cardiovascular events (MACE), such as all -
cause death, cardiovascular death, non - fatal MI, non - fatal cerebral infarction, and unplanned revascularization.” ™
Therefore, identifying modifiable risk factors in patients with TV - CHD is crucial to improving prognosis in this high -
risk population.

Current evidence suggests that nutrition plays an important clinical role in CVD. For example, Almuwaqqat Z et al
analyzed data from the Million Veteran Program (MVP, 2011-2018) and the UK Biobank (UKB, 2006-2010), finding
that higher body mass index (BMI) variability was significantly associated with adverse cardiovascular events among
U.S. veterans. Each 1 - standard - deviation increase in BMI variability was associated with an 8% higher risk of
cardiovascular mortality (HR 1.08, 95% CI 1.04—1.11).° In another study, Jung E et al analyzed 14 independent reports
including 1,055,309 participants and 9,457 cardiovascular events, revealing that total cholesterol (TC) and low - density
lipoprotein cholesterol (LDL - C) were positively associated with cardiovascular mortality risk, while high - density
lipoprotein cholesterol (HDL - C) showed a negative association.® In recent years, the relationship between serum
albumin levels and CHD risk has gained increasing attention.”® In a cross - sectional study evaluating adults over 45
years of age, researchers found that serum albumin levels were negatively correlated with CHD risk after adjusting for
confounders (OR = 0.970, 95% CI 0.948-0.992), indicating that lower serum albumin levels were associated with
a higher risk of CHD.? However, while these studies have revealed associations between certain nutritional markers and
major cardiovascular events—particularly in CHD patients—these markers are all single parameters.

In contrast, a widely used immune - nutritional measure derived from serum albumin and peripheral blood lymphocyte
count—the prognostic nutritional index (PNI), calculated from serum albumin and peripheral blood lymphocyte count—has
been widely used to predict adverse outcomes in various patient populations.'®'* As an immune - nutritional biomarker, PNI
reflects chronic inflammation, immune function, and nutritional status. Because it is easily obtainable and integrates both
nutritional and immune aspects, PNI may have greater prognostic value in CVD than single nutritional indicators. Several
studies have also demonstrated the prognostic value of PNI in patients with CVD. For instance, Ma et al'* found in a cohort of
over 17,000 CHD patients that PNI was closely associated with the New York Heart Association (NYHA) functional
classification. Patients with lower PNI values were more likely to be in NYHA class III-V, and those who were malnourished
or underweight had the poorest cardiac function, suggesting that PNI can not only predict prognosis but also serve as an
auxiliary indicator of cardiac function deterioration. Focusing on the relationship between CHD and atrial fibrillation (AF),
Xie et al'® retrospectively analyzed 600 patients with acute ST - segment elevation MI (STEMI) who underwent percutaneous
coronary intervention (PCI). They found that the incidence of new - onset AF during hospitalization was 7.7%, and a low PNI
was an independent risk factor for new - onset AF (OR = 0.824). The receiver operating characteristic (ROC) curve showed
a cutoff value of 40.1 for predicting AF, with a sensitivity of 76.1% and specificity of 71.3%, indicating that PNI is related to
both nutritional and immune status in CHD patients and can help predict arrhythmia risk, indirectly affecting long - term
prognosis. Regarding CHD complicated with acute kidney injury (AKI), Hatem et al'® reported that among 336 patients with
non - ST - elevation MI (NSTEMI), the incidence of contrast - associated AKI (CA - AKI) was 20%, and patients with CA -
AKI had significantly lower PNI values. A PNI < 48.5 was identified as an independent predictor of CA - AKI. Dong et al'’
further expanded the study to CHD patients with chronic kidney disease (CKD), including 4,391 patients, and found a linear
negative correlation between PNI and CA - AKI, with low PNI patients showing a significantly increased risk. These findings
suggest that maintaining good nutritional and immune status is crucial for preventing contrast - related complications in high -
risk groups. However, the research evidence regarding the correlation between “time - to - first MACE” after discharge for
patients with three - vessel coronary artery disease (TV - CHD) and PNI is still limited. Therefore, it is very necessary to
explore whether PNI can provide additional prognostic value beyond the existing mature clinical and anatomical markers.

Based on the above background, we assume that a lower level of PNI is significantly associated with a higher risk of
MACE. Based on this assumption, this study aims to evaluate the correlation between PNI and MACE in patients with
TV - CHD. The goal is to provide new insights and theoretical evidence for risk monitoring and prognostic assessment
in CHD.
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Methods
Study Population

This was a single - center retrospective cohort study conducted at Liaocheng People’s Hospital from January 2020 to
January 2023. A total of 700 patients with TV - CHD were initially screened. The inclusion criteria were as follows: (1) age
>18 years; (2) diagnosis of triple - vessel disease confirmed by coronary angiography (stenosis > 50% in three major
coronary arteries). The exclusion criteria were as follows: (1) patients with severe hepatic or renal failure; (2) patients with
malignant tumors or cachexia; (3) patients with severe hematologic or immune system diseases; (4) patients with severe
infections; (5) patients currently receiving nutritional support; (6) patients currently receiving glucocorticoid or immuno-
suppressive therapy; (7) patients without baseline data on serum albumin and peripheral lymphocyte count; (8) patients who
died during hospitalization. (9) patients lost to follow-up. Based on the above inclusion and exclusion criteria, 547 patients
were finally included in the analysis. This study was reviewed and approved by the Ethics Committee of Liaocheng
People’s Hospital, and the study protocol complied with the basic principles of the Declaration of Helsinki. As this was
a retrospective study, and all data were anonymized, the requirement for informed consent was waived by the Ethics
Committee of Liaocheng People’s Hospital.

Definition and Grouping of Prognostic Nutritional Index

In this study, the PNI was calculated as serum albumin (g/L) plus 5 times the total peripheral blood lymphocyte count
(10°/L)."" Furthermore, according to the tertiles of PNI, patients were divided into three groups: T1 (< 44.55, n = 183),
T2 (44.55-49.42, n = 182), and T3 (> 49.42, n = 182).

Follow - Up and Outcome Definition

All patients were followed from the date of hospital discharge until death or September 2025. Follow - up data were
obtained through multiple outpatient and emergency visit records, hospitalization records, and telephone follow-ups, with
information collected from patients or their family members. For suspected adverse events reported through telephone
follow-up, we further conducted cross-verification by reviewing the patients’ electronic medical records, hospitalization
records and death certificates in our hospital or other medical institutions. In addition, for patients without MACE, the
follow-up time was truncated at their last known contact time or the study’s follow-up deadline. A total of 50 patients
were lost to follow-up in this study, with a loss to follow-up rate of 7.14%.The primary endpoint of this study was the
occurrence of time - to - first MACE, including a combination of one or more of the following: all-cause death,
cardiovascular death, non-fatal MI, non-fatal cerebral infarction, and unplanned revascularization. The operational
definitions and adjudication criteria for each MACE component were as follows: all-cause death was defined as death
from any cause during follow-up. Cardiovascular death was defined as death attributable to myocardial infarction, heart
failure, sudden cardiac death, or other clearly documented cardiovascular causes. Non-fatal myocardial infarction (MI)
was defined as a rise in cardiac troponin above the 99th percentile upper reference limit, accompanied by at least one of
the following: ischemic symptoms, new ischemic electrocardiographic changes, development of pathological Q waves, or
imaging evidence of new loss of viable myocardium. Non-fatal cerebral infarction was defined as an ischemic stroke
confirmed by a neurologist based on clinical presentation and neuroimaging (CT or MRI), excluding transient ischemic
attack and hemorrhagic stroke. Unplanned revascularization was defined as any urgent coronary revascularization
(percutaneous coronary intervention or coronary artery bypass grafting) performed due to acute ischemic symptoms or
clinical deterioration, excluding staged or elective procedures that were scheduled prior to the initial discharge as part of
a planned treatment strategy.

Data Collection and Definitions

In this study, all data were obtained from the electronic medical record system of Liaocheng People’s Hospital, including
demographic data, anthropometric measurements, medical history, previous medication use, laboratory biomarkers, and
discharge medications. Demographic data included age, sex, family history of CHD, and smoking status. Family history
of CHD'® was defined as a confirmed history of MI, angina, sudden cardiac death, and/or revascularization (including
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coronary artery bypass grafting or PCI) in first - degree relatives (men < 55 years old or women < 65 years old, including
parents and siblings). Smoking was defined as a history of regular smoking in the past or at present. Anthropometric data
included height, weight, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate. BMI was
calculated as body weight (kg) divided by the square of height (m?). SBP, DBP, and heart rate were obtained from the
first measurements recorded upon hospital admission.

Medical history and medication data included a history of hypertension, diabetes, dyslipidemia, CHD, prior PCI, and
the use of antihypertensive, hypoglycemic, lipid - lowering, and antiplatelet drugs. Hypertension'® was defined as an
office blood pressure measured on three different occasions without antihypertensive treatment showing SBP >
140 mmHg and/or DBP > 90 mmHg, or a documented history of hypertension currently treated with antihypertensive
medications even if blood pressure was < 140/90 mmHg. Diabetes®® was defined as the presence of typical clinical
symptoms (polydipsia, polyphagia, polyuria, and unexplained weight loss) plus any of the following: random plasma
glucose > 11.1 mmol/L, fasting blood glucose (FBG) > 7.0 mmol/L, 2 - hour plasma glucose during an oral glucose
tolerance test > 11.1 mmol/L, or glycated hemoglobin (HbAlc) > 6.5%. In the absence of typical symptoms, repeated
testing was required for diagnosis. Dyslipidemia, according to the Chinese Guidelines for Lipid Management (2023),?!
was defined as TC > 5.2 mmol/L, triglycerides > 1.7 mmol/L, LDL - C > 3.4 mmol/L, or HDL - C < 1.0 mmol/
L. A history of CHD was defined as a previous diagnosis of coronary atherosclerotic heart disease, including a history of
MI, angiographically confirmed coronary stenosis, prior revascularization, hospital admission for angina with objective
evidence, or a history of chronic stable angina. A history of PCI was defined as having undergone any PCI, including
coronary stent implantation, percutaneous transluminal coronary angioplasty, or other related interventional techniques.

Laboratory biomarkers included white blood cell count (WBC), neutrophil count, lymphocyte count, monocyte count,
hemoglobin, platelet count, C - reactive protein (CRP), triglycerides, TC, LDL - C, HDL - C, apolipoprotein Al
(ApoAl), apolipoprotein B (ApoB), lipoprotein(a), FBG, albumin, uric acid, estimated glomerular filtration rate
(eGFR), fibrinogen, D - dimer, N - terminal pro brain natriuretic peptide (NT - proBNP), and cardiac troponin
I (cTnl). All blood samples were collected from the antecubital vein and analyzed in the hospital’s central laboratory.
Discharge medications included aspirin, clopidogrel, ticagrelor, statins, - blockers, angiotensin - converting enzyme
inhibitors (ACEI) / angiotensin receptor blockers (ARB), calcium channel blockers (CCB), furosemide, spironolactone,
and hypoglycemic agents.

Statistical Methods

All statistical analyses were performed using SPSS version 30.0 (IBM Corporation, USA) and R software (version 4.2.1,
with the “survival” and “timeROC” packages). The Shapiro—Wilk test was used to assess the normality of all continuous
variables before analysis. Since none of the continuous variables followed a normal distribution, they were expressed as
median (interquartile range), and differences between two groups were analyzed using the Mann—Whitney U-test, while
differences among three groups were compared using the Kruskal-Wallis test. Categorical variables were expressed as
frequencies (percentages), and differences between groups were evaluated using the chi - square test or Fisher’s exact
test.

Univariate Cox regression analysis was used to assess the association between each variable and MACE. Variables
with P < 0.05 were included in three multivariate Cox regression models to further evaluate the relationship between PNI
and MACE. Model 1 adjusted for age only. Model 2 adjusted for age, hypertension, CHD, PCI history, use of lipid -
lowering drugs, and antiplatelet drugs. Model 3 further adjusted for age, hypertension, CHD, PCI history, lipid - lowering
drugs, antiplatelet drugs, hemoglobin, eGFR, NT - proBNP, aspirin, ticagrelor, furosemide, and spironolactone. As show
in Figure 1, the proportional hazards assumption was tested using Schoenfeld residuals, and no violation was detected
(global P = 0.5076). As show in Figure 2, a restricted cubic spline (RCS) with four knots was used to assess non -
linearity, confirming a linear negative association. Subgroup analyses were conducted based on seven variables (age, sex,
smoking, hypertension, dyslipidemia, CHD, and PCI) to verify the robustness of the association between PNI and
MACE. Additionally, a sensitivity analysis excluding patients with a family history of CHD was performed to reassess
the multivariate relationship between PNI and MACE. The predictive value of PNI for MACE was evaluated using time -
dependent ROC curve analysis (tdROC) at 12, 24, and 36 months. Finally, Kaplan - Meier survival curves were used to
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Figure | Use Schoenfeld residuals to verify the proportional hazards assumption of the PNI.
Abbreviation: PNI, prognostic nutritional index.
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Figure 2 Analysis of the relationship between PNI and the risk of MACE using restricted cubic splines.
Abbreviations: PNI, prognostic nutritional index; MACE, major adverse cardiovascular events.

compare the cumulative incidence of MACE among the three PNI tertile groups. All tests were two - sided, and P < 0.05
was considered statistically significant. Given the exploratory nature of this retrospective study, no formal sample size or
power calculation was performed prior to data collection; the sample size was determined by the number of eligible
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patients during the study period. In this study, all categorical variables were complete, except for a few continuous
variables which were missing by a single digit. We performed mean imputation for these missing values.

Results

Baseline Characteristics by MACE Group

As shown in Table 1, a total of 547 patients were included in the study, among whom 372 (68.0%) were male, with a median
age of 64 years (56.00, 71.00). According to the occurrence of MACE, patients were divided into the non - MACE group
(n=371) and the MACE group (n = 176). Compared with the non - MACE group, patients in the MACE group were older and
had higher proportions of hypertension, CHD, history of PCI, and use of antihypertensive, hypoglycemic, lipid - lowering, and
antiplatelet medications. They also had higher levels of D - dimer and NT - proBNP, as well as a greater use of furosemide and
spironolactone, but lower levels of lymphocyte count, hemoglobin, albumin, and eGFR, and lower proportions of aspirin and
ticagrelor use (P < 0.05). More importantly, the MACE group had significantly lower PNI levels (P < 0.001). Other variables
showed no significant differences between the two groups (P > 0.05).

Table | Baseline Characteristics Grouped According to MACE

Variables Total Population Non - MACE MACE p value
N 547 371 176
Age, years 64.00 (56.00, 71.00) 63.00 (55.00, 70.00) 68.00 (59.00, 73.00) < 0.001
Sex, n (%) 0.057

Male 372 (68.0) 262 (70.6) 110 (62.5)

Female 175 (32.0) 109 (29.4) 66 (37.5)
Family history of CHD, n (%) 64 (11.7) 42 (11.3) 22 (12.5) 0.689
Smoking, n (%) 240 (43.9) 171 (46.1) 69 (39.2) 0.129
Hypertension, n (%) 337 (61.6) 215 (58.0) 122 (69.3) 0.011
Diabetes, n (%) 232 (42.4) 146 (39.4) 86 (48.9) 0.036
Dyslipidemia, n (%) 288 (52.7) 199 (53.6) 89 (50.6) 0.502
CHD, n (%) 266 (48.6) 160 (43.1) 106 (60.2) < 0.001
PCl, n (%) 153 (28.0) 87 (23.5) 66 (37.5) < 0.001
Previous medication usage, n (%)

Antihypertensive drugs 303 (55.4) 194 (52.3) 109 (61.9) 0.034

Hypoglycemic drugs 153 (28.0) 93 (25.1) 60 (34.1) 0.028

Lipid - lowering drugs 206 (37.7) 124 (33.4) 82 (46.6) 0.003

Antiplatelet drugs 266 (48.6) 166 (44.7) 100 (56.8) 0.008
SBP, mmHg 137.00 (121.00, 150.00) 138.00 (121.00, 150.00) | 136.00 (120.00, 152.00) | 0.520
DBP, mmHg 77.00 (69.00, 85.00) 78.00 (69.00, 86.00) 76.00 (68.00, 83.00) 0.142
Heart rate, bpm 72.00 (66.00, 82.00) 73.00 (66.00, 82.00) 72.00 (66.00, 82.00) 0.907
WBC, x10°/L 7.01 (591, 8.97) 7.01 (5.91, 9.08) 7.01 (5.93, 891) 0.883
Neutrophil count, x10°/L 4.64 (3.62, 6.55) 4.64 (3.60, 6.49) 4.63 (3.72, 6.63) 0.655
Lymphocyte count, x10°/L 1.62 (1.22, 2.02) 1.63 (1.23, 2.09) 1.56 (1.17, 1.96) 0.017
Monocyte count, x10°/L 0.43 (0.33, 0.53) 0.43 (0.33, 0.53) 0.43 (0.33, 0.52) 0.995
Hemoglobin, g/L 133.00 (122.00, 145.00) 134.00 (125.00, 146.00) | 130.00 (116.25, 144.00) | 0.004
Platelet count, x107/L 220.00 (182.00, 260.00) | 222.00 (184.00, 259.00) | 219.00 (178.00, 260.00) | 0.591
CRP, mg/L 3.41 (1.17, 9.60) 3.27 (1.24, 9.60) 3.26 (1.14, 9.60) 0.897
Triglycerides, mmol/L 1.26 (0.89, 1.72) 1.30 (0.91, 1.73) 1.22 (0.87, 1.72) 0.287
Total cholesterol, mmol/L 4.29 (3.41, 5.01) 4.30 (3.47, 5.02) 4.26 (3.25, 4.98) 0.373
LDL - C, mmol/L 2.69 (2.04, 3.23) 2.67 (2.12, 3.26) 2.69 (1.95, 3.14) 0.406
HDL - C, mmol/L 1.06 (0.91, 1.22) 1.07 (0.92, 1.22) 1.06 (0.91, 1.20) 0.563
Apolipoprotein Al, mg/dL 122.82 (111.66, 136.32) 123.16 (111.75, 136.85) | 122.14 (110.73, 135.06) | 0.649
Apolipoprotein B, mg/dL 83.35 (65.56, 98.39) 83.26 (67.24, 99.12) 83.40 (63.63, 96.86) 0.370

(Continued)
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Table | (Continued).

Variables Total Population Non - MACE MACE p value
Lipoprotein(a), mg/L 209.00 (89.00, 397.00) 200.00 (87.00, 374.00) | 227.50 (93.00, 411.75) 0.328
FBG, mmol/L 5,67 (4.79,7.12) 5.66 (4.85,7.01) 5.73 (4.68, 7.34) 0.979
Albumin, g/L 38.00 (36.00, 42.00) 39.00 (37.00, 42.00) 38.00 (35.00, 41.00) 0.007
Uric acid, ymol/L 305.00 (247.00, 362.00) | 304.00 (245.00, 356.00) | 310.00 (254.25, 382.50) | 0.I153
eGFR, mL/min/1.73m? 107.78 (91.64, 127.49) 109.71 (93.19, 131.68) 102.17 (83.44, 118.40) < 0.001
Fibrinogen, g/L 3.02 (2.63, 3.48) 3.02 (2.62, 3.42) 3.02 (2.66, 3.62) 0.328
D - dimer, mg/L 0.39 (0.23, 0.64) 0.35 (0.21, 0.61) 0.45 (0.28, 0.76) < 0.001
Nt - ProBNP, pg/mL 400.00 (132.00, 1300.00) | 279.00 (118.00, 925.00) | 734.50 (233.00, 2400.00) | < 0.001
Troponin |, ng/mL 0.04 (0.01, 1.65) 0.03 (0.01, 2.00) 0.05 (0.01, 1.30) 0.559
Discharge medication, n (%)
Aspirin 524 (95.8) 363 (97.8) 161 (91.5) < 0.001
Clopidogrel 207 (37.8) 137 (36.9) 70 (39.8) 0.522
Ticagrelor 308 (56.3) 222 (59.8) 86 (48.9) 0.016
Statins 519 (94.9) 354 (95.4) 165 (93.8) 0.408
B - blockers 410 (75.0) 281 (75.7) 129 (73.3) 0.537
ACEIs/ARBs 226 (41.3) 157 (42.3) 69 (39.2) 0.490
CCBs 141 (25.8) 99 (26.7) 42 (23.9) 0.481
Furosemide 87 (15.9) 36 (9.7) 51 (29.0) < 0.001
Spironolactone 96 (17.6) 44 (11.9) 52 (29.5) < 0.001
Hypoglycemic drugs 178 (32.5) 111 (29.9) 67 (38.1) 0.057
PNI 47.05 (43.50, 51.05) 47.35 (44.05, 51.60) 45.80 (42.38, 50.13) 0.001

Abbreviations: MACE, major adverse cardiovascular events; CHD, coronary heart disease; PCl, percutaneous coronary intervention; SBP, systolic
blood pressure; DBP, diastolic blood pressure; WBC, white blood cell count; CRP, C - reactive protein; LDL - C, low - density lipoprotein cholesterol;
HDL - C, high - density lipoprotein cholesterol; FBG, fasting blood glucose; eGFR, estimated glomerular filtration rate; Nt - ProBNP, N - terminal pro -
brain natriuretic peptide; ACEIs/ARBs, angiotensin - converting enzyme inhibitors / angiotensin Il receptor antagonists; CCBs, calcium channel blockes;
PNI, prognostic nutritional index.

Baseline Characteristics by PNI Tertiles

As shown in Table 2, patients were divided into three groups according to PNI tertiles: T1 (< 44.55, n = 183), T2
(44.55-49.42,n = 182), and T3 (> 49.42, n = 182). There were significant differences in several baseline variables among
the three groups, including age, SBP, DBP, WBC, lymphocyte count, hemoglobin, platelet count, CRP, triglycerides, TC,
LDL - C, HDL - C, ApoAl, ApoB, lipoprotein(a), FBG, albumin, eGFR, D - dimer, NT - proBNP, cTnl, furosemide, and
spironolactone (P < 0.05). Notably, the incidence of MACE differed significantly among the three PNI groups and
gradually decreased with higher PNI tertiles (P = 0.012).

Table 2 Baseline Characteristics Grouped According to the PNI Tertiles

Variables T1 (< 44.55) T2 (44.55-49.42) T3 (> 49.42) P value
N 183 182 182
Age, years 67.00 (59.00, 73.00) 64.00 (56.00, 71.00) 63.00 (54.00, 69.00) < 0.001
Sex, n (%) 0.879
Male 127 (69.4) 122 (67.0) 123 (67.6)
Female 56 (30.6) 60 (33.0) 59 (32.4)
Family history of CHD, n (%) 18 (9.8) 18 (9.9) 28 (15.4) 0.167
Smoking, n (%) 79 (43.2) 81 (44.5) 80 (44.0) 0.967
Hypertension, n (%) 104 (56.8) 113 (62.1) 120 (65.9) 0.200
Diabetes, n (%) 77 (42.1) 72 (39.6) 83 (45,6) 0.503
Dyslipidemia, n (%) 102 (55.7) 87 (47.8) 99 (54.4) 0.267
(Continued)
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Table 2 (Continued).

Variables TI (< 44.55) T2 (44.55-49.42) T3 (> 49.42) P value
CHD, n (%) 87 (47.5) 88 (48.4) 91 (50.0) 0892
PCl, n (%) 49 (26.8) 49 (26.9) 55 (30.2) 0.710
Previous medication usage, n (%)
Antihypertensive drugs 92 (50.3) 108 (59.3) 103 (56.6) 0.202
Hypoglycemic drugs 55 (30.1) 48 (26.4) 50 (27.5) 0.724
Lipid - lowering drugs 61 (33.3) 75 (41.2) 70 (38.5) 0.289
Antiplatelet drugs 85 (46.4) 91 (50.0) 90 (49.5) 0.765
SBP, mmHg 130.00 (115.00, 145.00) 140.00 (125.75, 152.00) | 140.00 (123.00, 156.00) | < 0.001
DBP, mmHg 74.00 (66.00, 83.00) 78.00 (71.00, 84.25) 79.00 (72.00, 87.25) < 0.001
Heart rate, bpm 72.00 (65.00, 82.00) 74.00 (66.00, 82.00) 72.00 (66.00, 82.25) 0.940
WBC, x107/L 6.60 (5.48, 8.77) 6.76 (5.72, 8.28) 7.61 (6.46, 9.62) < 0.001
Neutrophil count, x10°/L 4.78 (3.62, 6.77) 4.46 (3.56, 5.93) 4.84 (3.66, 6.78) 0.228
Lymphocyte count, x10°/L 1.23 (0.99, 1.54) 1.64 (1.33, 1.93) 2.14 (1.65, 2.57) < 0.001
Monocyte count, x10%/L 0.42 (0.31, 0.54) 0.42 (0.34, 0.52) 0.44 (0.36, 0.52) 0.500
Hemoglobin, g/L 126.00 (118.00, 137.00) 132.00 (123.00, 142,25) | 141.00 (129.00, 151.00) | < 0.00I
Platelet count, x10%/L 221.00 (171.00, 245.00) | 221.50 (181.50, 264.75) | 229.00 (195.00, 264.25) | < 0.001
CRP, mg/L 5.72 (1.90, 9.60) 3.06 (1.00, 9.60) 2.53 (1.02, 9.60) < 0.001
Triglycerides, mmol/L 1.10 (0.79, 1.65) 1.27 (0.88, 1.62) 1.44 (1.05, 2.14) < 0.001
Total cholesterol, mmol/L 4.07 (3.27, 4.87) 4.17 (3.32, 491) 4.52 (3.65, 5.28) 0.008
LDL - C, mmol/L 2.62 (1.98,3.20) 2.55 (2.01, 3.13) 2.84 (2.16, 3.33) 0.036
HDL - C, mmol/L 1.01 (0.87, 1.17) 1.08 (0.94, 1.22) 1.08 (0.94, 1.23) 0.020
Apolipoprotein Al, mg/dL 115.77 (103.52, 128.29) 123.65 (113.00, 136.43) | 128.84 (116.12, 140.31) | < 0.001
Apolipoprotein B, mg/dL 81.17 (61.11, 97.58) 80.57 (63.81, 95.97) 87.67 (69.33, 105.42) 0.009
Lipoprotein(a), mg/L 239.00 (136.00, 434.00) | 209,00 (99.00, 395.75) 165.00 (52.75, 362.50) | 0.002
FBG, mmol/L 5.39 (4.68, 7.45) 5.43 (4.78, 6.72) 6.15 (5.07, 7.28) 0.009
Albumin, g/L 35.00 (34.00, 37.00) 39.00 (37.00, 41.00) 43.00 (40.00, 45.00) < 0.001
Uric acid, ymol/L 302.00 (233.00, 361.00) | 307.00 (240.75, 358.00) | 312.50 (266.50, 377.75) | 0.146
eGFR, mL/min/1.73m? 102.44 (88.28, 118.39) 109.25 (92.85, 127.29) 110.98 (93.32, 132.67) | 0.007
Fibrinogen, g/L 3.10 (2.60, 3.74) 2.86 (2.60, 3.33) 3.04 (2.65, 3.42) 0.055
D - dimer, mg/L 0.48 (0.30, 0.85) 0.35 (0.21, 0.62) 0.33 (0.20, 0.57) < 0.001
Nt - ProBNP, pg/mL 801.00 (220.00, 2110.00) | 292.00 (126.75, 870.00) | 278.00 (105.50, 819.50) | < 0.001
Troponin |, ng/mL 0.15 (0.01, 3.20) 0.02 (0.01, 1.13) 0.03 (0.01, 1.03) 0.022
Discharge medication, n (%)
Aspirin 171 (93.4) 177 (97.3) 176 (96.7) 0.146
Clopidogrel 78 (42.6) 72 (39.6) 57 31.3) 0.071
Ticagrelor 95 (51.9) 103 (56.6) 110 (60.4) 0.258
Statins 170 (92.9) 174 (95.6) 175 (96.2) 0.319
B - blockers 139 (76.0) 135 (74.2) 136 (74.7) 0.922
ACEIs/ARBs 75 (41.0) 82 (45.1) 69 (37.9) 0.381
CCBs 42 (23.0) 54 (29.7) 45 (24.7) 0.315
Furosemide 41 (22.4) 18 (9.9) 28 (15.4) 0.005
Spironolactone 46 (25.1) 18 (9.9) 32 (17.6) 0.001
Hypoglycemic drugs 61 (33.3) 53 (29.1) 64 (35.2) 0.451
MACE, n (%) 74 (40.4) 53 (29.1) 49 (26.9) 0.012

Abbreviations: PN, prognostic nutritional index; CHD, coronary heart disease; PCl, percutaneous coronary intervention; SBP, systolic blood pressure; DBP,
diastolic blood pressure; WBC, white blood cell count; CRP, C - reactive protein; LDL - C, low - density lipoprotein cholesterol; HDL - C, high - density
lipoprotein cholesterol; FBG, fasting blood glucose; eGFR, estimated glomerular filtration rate; Nt - ProBNP, N - terminal pro - brain natriuretic peptide; ACEls/
ARBs, angiotensin - converting enzyme inhibitors / angiotensin Il receptor antagonists; CCBs, calcium channel blockes; MACE, major adverse cardiovascular
events.
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Univariate Cox Regression Analysis for MACE

As shown in Table 3, univariate Cox regression analysis indicated that age, hypertension, CHD, history of PCI, use of
lipid - lowering drugs, antiplatelet drugs, hemoglobin, albumin, eGFR, NT - proBNP, aspirin, ticagrelor, furosemide,
spironolactone, and PNI were all significantly associated with MACE risk (P < 0.05). Each one - unit increase in PNI was
associated with a 3.8% reduction in MACE risk (HR: 0.962, 95% CI: 0.936-0.989, P = 0.005).

Multivariate Analysis of the Association Between PNI and MACE

As shown in Table 4, in Model 1 (adjusted for age only), each one - unit increase in PNI was associated with a 3.1%
reduction in MACE risk (HR: 0.969, 95% CI: 0.943-0.996, P = 0.026). Compared with the T1 group, MACE risk

Table 3 Univariate Cox Regression Analysis of MACE

Variables HR 95% CI p value
Age 1.022 | 1.007-1.038 | 0.003
Male 0.745 | 0.549-1.011 | 0.059
Family history of CHD 1.1 | 0,710-1,736 | 0.645
Smoking 0.806 | 0.595-1.090 | 0.162
Hypertension 1.454 | 1.055-2.044 | 0.022
Diabetes 1.343 | 0.999-1.805 | 0.050
Dyslipidemia 0.893 | 0.664—1.200 | 0.453
CHD 1.732 | 1.280-2.342 | < 0.001
PCI 1.639 | 1.208-2.244 | 0.002
Previous medication usage
Antihypertensive drugs 1.377 | 0.986-1.812 | 0.062
Hypoglycemic drugs 1.366 | 1.000-1.865 | 0.050
Lipid - lowering drugs 1.551 | 1.153-2.087 | 0.004
Antiplatelet drugs 1.422 | 1.055-1.917 | 0.021
SBP 0.997 | 0.991-1.004 | 0.446
DBP 0.992 | 0.980-1.005 | 0.217
Heart rate 1.002 | 0.992-1.012 | 0.743
WBC 1.007 | 0.951-1.065 | 0.815
Neutrophil count 1.014 | 0.957-1.075 | 0.637
Lymphocyte count 0.926 | 0.748-1.146 | 0.479
Monocyte count 0811 | 0.374-2.074 | 0.711
Hemoglobin 0.986 | 0.977-0.994 | 0.001
Platelet count 1.001 | 0.998-1.003 | 0.697
CRP 1.002 | 0.997-1.008 | 0.401
Triglycerides 0.950 | 0.809-1.115 | 0.527
Total cholesterol 0.973 | 0.862-1.098 | 0.659
LDL - C 0.964 | 0.814-1.142 | 0.675
HDL - C 0.917 | 0.498-1.690 | 0.782
Apolipoprotein Al 1.000 | 0.992-1.007 | 0.923
Apolipoprotein B 0.999 | 0.993-1.005 | 0.739
Lipoprotein(a) 1.000 | 1.000-1.001 | 0.246
FBG 1.034 | 0.990-1.081 | 0.132
Albumin 0.945 | 0.912-0.980 | 0.002
Uric acid 1.001 | 1.000-1.003 | 0.169
eGFR 0.990 | 0.985-0.995 | < 0.001
Fibrinogen 1.142 | 0.949-1.374 | 0.160
D - dimer 1.109 | 0.993-1.238 | 0.067
Nt - ProBNP 1.000 | 1.000-1.000 | < 0.001
Troponin | 0.991 | 0.964-1.018 | 0.504
(Continued)
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Table 3 (Continued).

Variables HR 95% CI p value
Discharge medication
Aspirin 0.360 | 0.212-0.611 | <0.001
Clopidogrel 1.127 | 0.833-1.524 | 0.439
Ticagrelor 0.684 | 0.509-0.920 | 0.012
Statins 0.784 | 0.426—1.445 | 0.436
B - blockers 0.883 | 0.632—1.233 | 0.465
ACEIs/ARBs 0.821 | 0.606—1.112 | 0.202
CCBs 0.850 | 0.601-1.203 | 0.360
Furosemide 2.695 | 1.945-3.735 | < 0.001
Spironolactone 2.397 | 1.733-3.316 | <0.001
Hypoglycemic drugs 1.316 | 0.971-1.784 | 0.077
PNI 0.962 | 0.936-0.989 | 0.005

Abbreviations: MACE, major adverse cardiovascular events; CHD, cor-
onary heart disease; PCl, percutaneous coronary intervention; SBP, systolic
blood pressure; DBP, diastolic blood pressure; WBC, white blood cell
count; CRP, C - reactive protein; LDL - C, low - density lipoprotein
cholesterol; HDL - C, high - density lipoprotein cholesterol; FBG, fasting
blood glucose; eGFR, estimated glomerular filtration rate; Nt - ProBNP, N -
terminal pro - brain natriuretic peptide; ACEIs/ARBs, angiotensin - con-
verting enzyme inhibitors / angiotensin |l receptor antagonists; CCBs,
calcium channel blockes; PNI, prognostic nutritional index; HR, hazard
ratio; Cl, confidence interval.

Table 4 Multivariate Correlation Between PNI and MACE

Variables Model | Model 2 Model 3

HR 95% CI p value | HR 95% CI p value | HR 95% CI p value

PNI (continuous variable) | 0.969 | 0.943-0.996 | 0.026 0.958 | 0.932-0.985 | 0.002 0.971 | 0.947-0.997 | 0.026
PNI (classified variable)

TI Ref Ref Ref

T2 0.681 | 0.478-0.970 | 0.033 0.622 | 0.437-0.885 | 0.008 0.764 | 0.528-1.105 | 0.153
T3 0.671 | 0.465-0.969 | 0.033 0.575 | 0.400-0.826 | 0.003 0.655 | 0.447-0.960 | 0.030
P for trend 0.044 0.004 0.083

Notes: Model |: adjusted for age only; Model 2: adjusted for age, history of hypertension, coronary heart disease, history of PCI, lipid - lowering drugs, and
antiplatelet drugs; Model 3: adjusted for age, history of hypertension, coronary heart disease, history of PCI, lipid - lowering drugs, antiplatelet drugs,
hemoglobin, eGFR, Nt - ProBNP, aspirin, ticagrelor, furosemide, and spirolactone.

Abbreviations: PNI, prognostic nutritional index; MACE, major adverse cardiovascular events; PCl, percutaneous coronary intervention; eGFR, estimated
glomerular filtration rate; Nt - ProBNP, N - terminal pro - brain natriuretic peptide; HR, hazard ratio; Cl, confidence interval.

decreased by 31.9% (HR: 0.681, 95% CI: 0.478-0.970, P = 0.033) in T2 and by 32.9% (HR: 0.671, 95% CI:
0.465-0.969, P = 0.033) in T3. In Model 2 (adjusted for age, hypertension, CHD, PCI, lipid - lowering drugs, and
antiplatelet drugs), each one - unit increase in PNI reduced MACE risk by 4.2% (HR: 0.958, 95% CI: 0.932-0.985, P =
0.002). Compared with the T1 group, MACE risk decreased by 37.8% in T2 (HR: 0.622, 95% CI: 0.437-0.885, P =
0.008) and by 42.5% in T3 (HR: 0.575, 95% CI: 0.400-0.826, P = 0.003). In Model 3 (further adjusted for hemoglobin,
eGFR, NT - proBNP, aspirin, ticagrelor, furosemide, and spironolactone), each one - unit increase in PNI still reduced
MACE risk by 2.9% (HR: 0.971, 95% CI: 0.947-0.997, P = 0.026). Compared with T1, MACE risk decreased by 34.5%
in T3 (HR: 0.655, 95% CI: 0.447-0.960, P = 0.030).

Subgroup Analysis of PNI and MACE

As shown in Table 5, in the fully adjusted multivariate Cox regression model, among females, each one - unit increase in
PNI was associated with a 6.8% reduction in MACE risk (HR: 0.932, 95% CI: 0.881-0.987, P = 0.016). In the subgroup
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Table 5 Multivariate Subgroup Analysis of PNI and MACE

Subgroups PNI (T2 vs. TI) PNI (T3 vs. TI) PNI
HR 95% CI p value | HR 95% CI p value | HR 95% CI p value

Sex

Male 0.793 | 0.493-1.277 | 0.34I 0.684 | 0.412—-1.133 | 0.140 0.975 | 0.943-1.008 | 0.140

Female 0.649 | 0.342-1.232 | 0.186 0.545 | 0.284-1.045 | 0.067 0.932 | 0.881-0.987 | 0.016
Age

<65 years 1.043 | 0.533-2.040 | 0.093 0.798 | 0.392-1.621 | 0.532 0.977 | 0.933-1.022 | 0.311

265 years 0.705 | 0.440-1.130 | 0.147 0.596 | 0.367-0.969 | 0.037 0.968 | 0.935-1.002 | 0.062
Smoking

Yes 0.808 | 0.438-1.490 | 0.495 0.816 | 0.419-1.591 | 0.551 0.984 | 0.943-1.026 | 0.439

No 0.736 | 0.460-1.179 | 0.736 0.535 | 0.334-0.858 | 0.010 0.943 | 0.909-0.978 | 0.002
Hypertension

Yes 0.946 | 0.606—1.479 | 0.809 0.660 | 0.412—-1.057 | 0.084 0.969 | 0.938-1.000 | 0.051

No 0.457 | 0.217-0.962 | 0.039 0.652 | 0.319-1.331 | 0.240 0.979 | 0.926-1.035 | 0.450
Dyslipidemia

Yes 0.749 | 0.436-1.288 | 0.296 0.568 | 0.323-1.001 | 0.050 0.962 | 0.923-1.002 | 0.062

No 0.699 | 0.414-1.182 | 0.18I 0.687 | 0.397-1.189 | 0.179 0.953 | 0.919-0.989 | 0.010
Coronary heart disease

Yes 0.496 | 0.303-0.812 | 0.005 0.506 | 0.321-0.798 | 0.003 0.955 | 0.924-0.987 | 0.006

No 1.322 | 0.564-2.029 | 0.341 1.070 | 0.744-2.350 | 0.837 1.002 | 0.959-1.047 | 0.918
PCI

Yes 0.532 | 0.296-0.955 | 0.035 0.308 | 0.167-0.569 | <0.001 | 0.928 | 0.887-0.970 | < 0.001

No 0,896 | 0.552-1.454 | 0.657 0.980 | 0.595-1.616 | 0.983 0.995 | 0.959-1.032 | 0.787

Notes: Subgroup analysis age, history of hypertension, coronary heart disease, history of PCI, lipid - lowering drugs, antiplatelet drugs, hemoglobin, eGFR,
Nt - ProBNP, aspirin, ticagrelor, furosemide, and spirolactone.

Abbreviations: PNI, prognostic nutritional index; MACE, major adverse cardiovascular events; PCl, percutaneous coronary intervention; eGFR,
estimated glomerular filtration rate; Nt - ProBNP, N - terminal pro - brain natriuretic peptide; HR, hazard ratio; Cl, confidence interval.

aged > 65 years, compared with T1, MACE risk was 40.4% lower in T3 (HR: 0.596, 95% CI: 0.367—0.969, P = 0.037). In
non - smokers, compared with T1, MACE risk decreased by 46.5% in T3 (HR: 0.535, 95% CI: 0.334-0.858, P = 0.010),
and each one - unit increase in PNI reduced MACE risk by 5.7% (HR: 0.943, 95% CI: 0.909-0.978, P = 0.002). In the
subgroup without hypertension, compared with T1, MACE risk decreased by 54.3% in T2 (HR: 0.457, 95% CI:
0.217-0.962, P = 0.039). In patients without dyslipidemia, each one - unit increase in PNI reduced MACE risk by
4.7% (HR: 0.953, 95% CI: 0.919-0.989, P = 0.010). In patients with CHD, compared with T1, MACE risk decreased by
50.4% in T2 (HR: 0.496, 95% CI: 0.303-0.812, P = 0.005) and by 49.4% in T3 (HR: 0.506, 95% CI: 0.321-0.798,
P = 0.003), with each one - unit increase in PNI reducing MACE risk by 4.5% (HR: 0.955, 95% CI: 0.924-0.987, P =
0.006). In patients with a history of PCI, compared with T1, MACE risk decreased by 46.8% in T2 (HR: 0.532, 95% CI:
0.296-0.955, P = 0.035) and by 69.2% in T3 (HR: 0.308, 95% CI: 0.167-0.569, P < 0.001), and each one - unit increase
in PNI reduced MACE risk by 7.2% (HR: 0.928, 95% CI: 0.887-0.970, P < 0.001).

Sensitivity Analysis

As shown in Table 6, in the sensitivity analysis excluding patients with a family history of CHD, higher PNI levels
remained significantly associated with a lower risk of MACE in both Model 1 (adjusted for age) and Model 2 (partially
adjusted). In Model 2, each one - unit increase in PNI reduced MACE risk by 3.8% (HR: 0.962, 95% CI: 0.934-0.991,
P =0.010), and compared with T1, MACE risk decreased by 37.6% in T2 (HR: 0.624, 95% CI: 0.429-0.909, P = 0.014)
and by 41.8% in T3 (HR: 0.582, 95% CI: 0.389-0.871, P = 0.008). In the fully adjusted Model 3, although the HR and
95% CI for PNI were not statistically significant (P = 0.059), MACE risk was still 37.5% lower in T3 compared with T1
(HR: 0.625, 95% CI: 0.412-0.948, P = 0.027).
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Table 6 Multivariate Correlation Between PNI and MACE: Exclude Patients with CHD Family History

Variables Model | Model 2 Model 3
HR 95% CI p value | HR 95% CI P value | HR 95% CI p value

PNI (continuous variable) | 0.974 | 0.945-1.003 | 0.007 0.962 | 0.934-0.991 | 0.010 0.973 | 0.946-1.001 | 0.059
PNI (classified variable)

TI Ref Ref Ref

T2 0.685 | 0.470-0.998 | 0.049 0.624 | 0.429-0.909 | 0.014 0.749 | 0.507-1.108 | 0.148

T3 0.681 | 0.457-1.013 | 0.058 0.582 | 0.389-0.871 | 0.008 0.625 | 0.412-0.948 | 0.027

P for trend 0.070 0.009 0.074

Notes: Model |: adjusted for age only; Model 2: adjusted for age, history of hypertension, coronary heart disease, history of PCl, lipid - lowering drugs, and
antiplatelet drugs; Model 3: adjusted for age, history of hypertension, coronary heart disease, history of PCI, lipid - lowering drugs, antiplatelet drugs,
hemoglobin, eGFR, Nt - ProBNP, aspirin, ticagrelor, furosemide, and spirolactone.

Abbreviations: PNI, prognostic nutritional index; MACE, major adverse cardiovascular events; CHD, coronary heart disease; PCl, percutaneous coronary
intervention; eGFR, estimated glomerular filtration rate; Nt - ProBNP, N - terminal pro - brain natriuretic peptide; HR, hazard ratio; Cl, confidence interval.

Visualization of PNI and MACE Risk
As shown in Figure 3, time - dependent ROC curve analysis demonstrated that PNI had modest predictive value for
MACE at 12, 24, and 36 months post - discharge. The time - dependent AUC values were 0.5875, 0.5751, and 0.5622,
respectively.

As shown in Figure 4, Kaplan - Meier survival analysis revealed significant differences in the cumulative incidence of
MACE among different PNI groups (Log - rank P = 0.010), with patients in the T1 group showing a faster increase in
cumulative MACE risk and a poorer prognosis. The curve includes numbers at risk and censoring marks, with time origin

defined as discharge.

Discussion

In this study, we analyzed 547 patients with TV - CHD). During a median follow - up period of 38.5 months, 176 patients
(32.2%) experienced MACE. Multivariate Cox regression analysis showed that after adjusting for all confounding factors,
each one - unit increase in the PNI was associated with a 2.9% reduction in MACE risk, and compared with the T1 group, the
T3 group had a 34.5% lower MACE risk. Multiple subgroup and sensitivity analyses further confirmed the stability of these
results. Time - dependent ROC curve analysis demonstrated that PNI had modest predictive value for MACE risk in both the
overall population and gender subgroups. Kaplan - Meier survival curves revealed significant differences in cumulative
MACE risk among PNI tertiles, with the T1 group showing the poorest prognosis. These findings suggest that lower PNI levels
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Figure 3 Time - dependent ROC curves assessing the predictive value of PNI for MACE.
Abbreviations: AUC, area under the curve; Cl, confidence interval; ROC, receiver operating characteristic curve; PNI, prognostic nutritional index; MACE, major adverse

cardiovascular events.
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Figure 4 Kaplan - Meier survival curve assessing the differences in the cumulative risk of MACE among the PNI tertile groups.
Abbreviations: PNI, prognostic nutritional index; MACE, major adverse cardiovascular events.

are significantly associated with a higher risk of MACE in patients with TV - CHD, and that PNI may have potential adjunctive
clinical value for prognostic evaluation in this population.

In recent years, numerous studies in China and abroad have confirmed that PNI plays an important role in assessing
nutritional, inflammatory, and immune status in patients with CHD, and may be closely related to disease severity, complica-
tion rate, and long - term prognosis. For example, in a large cohort of PCI patients, Liu et al** included 3,561 CHD patients
with an average follow - up of 37.6 months and found that higher PNI levels were significantly associated with reduced risks of
all - cause and cardiac mortality. Kaplan - Meier analysis showed that patients with higher PNI had better long - term survival,
and multivariate Cox regression confirmed that PNI was an independent predictor. Similarly, Wu et al,>® in a prospective
cohort study involving over 15,000 CHD patients, found a “J - shaped” relationship between PNI and all - cause mortality—
both extremely low and extremely high PNI levels were associated with increased mortality, while moderate PNI levels
predicted the best outcomes. This suggests that clinicians should be aware of bidirectional risks when interpreting PNI. In our
study, patients in the highest PNI tertile (T3) had the lowest MACE risk, which aligns with the protective left-hand side of the
J-shaped curve. However, the prevalence of extremely high PNI values in our TV-CHD cohort was relatively low, and we did
not observe an increased risk in the T3 group. This may reflect differences in population characteristics or the composite
endpoint used; further studies with larger sample sizes are needed to explore potential non-linear effects of PNI specifically in
patients with triple-vessel disease. Compared with traditional single nutritional markers, PNI is more comprehensive,
universal, and easy to implement in clinical practice, making it a promising tool for cardiovascular disease risk stratification
and personalized treatment.

However, although we found an association between PNI and MACE in TV - CHD patients, the underlying biological
mechanisms remain unclear. Based on the literature, several mechanisms may be involved: (1) PNI as a marker of immune -
nutritional and inflammatory status: Studies have shown that malnutrition may trigger acute coronary syndromes.>* Patients with
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low PNI levels often suffer from malnutrition, which reduces their ability to cope with cardiovascular stress.>> Malnutrition can
impair myocardial repair and remodeling, increase cardiac burden, and eventually lead to HF or other adverse cardiovascular
events.”® (2) Role of serum albumin: Experimental and clinical evidence indicates that atherosclerosis is a chronic inflammatory
disease driven primarily by monocytes and macrophages, with involvement of adaptive immunity and autoimmune
components.”” Serum albumin may influence the pathogenesis of CHD through its anti - inflammatory, antioxidant, and
antiplatelet aggregation properties.”*>° Moreover, albumin protects against endothelial dysfunction induced by inflammation
and oxidative stress during sepsis®' and has antiplatelet and anticoagulant effects, preventing histone - induced platelet aggrega-
tion in a charge - dependent manner.*>** These findings suggest that serum albumin plays a protective role against the
development of CHD. (3) Role of lymphocytes: A decreased absolute lymphocyte count indicates malnutrition and impaired
immune defense, which can exacerbate atherosclerotic burden.** Reduced lymphocyte ratios reflect physiological stress
responses, which activate the hypothalamic - pituitary - adrenal axis and induce cellular and molecular changes in platelet
function, coagulation, endothelial integrity, redox balance, and sterile inflammation—all of which are associated with systemic
deterioration of cardiovascular health.*> Although these mechanisms may partially explain the link between PNI and MACE,
further cellular and animal studies are needed to verify these biological pathways.

Despite yielding meaningful results, this study has several limitations that may affect its generalizability. First, this
was a single - center study with a relatively small sample size, which may limit the representativeness of the findings;
larger multicenter studies are needed for validation. Second, as a retrospective observational study, it did not include
genetic or genomic data, preventing causal inference between PNI and MACE. Third, although we adjusted for many
confounders, unmeasured factors such as environmental influences, diet, socioeconomic status, and genetic predisposi-
tion might still have affected the results. Fourth, PNI was calculated from baseline serum albumin and lymphocyte counts
measured only once, without evaluating dynamic changes or long - term exposure, which may also influence outcomes.
Fifth, the exclusion of patients who died during hospitalization (criterion 8) may have introduced survival bias, as the
sickest patients were excluded from the analysis. Sixth, we acknowledge that adjusting for discharge medications,
particularly furosemide and spironolactone, may have introduced confounding by indication, as these medications are
often prescribed as a proxy for underlying heart failure severity. Such adjustment may represent over-adjustment for
mediators rather than baseline risk factors, potentially underestimating the true prognostic effect of PNI. Seventh, the
composite MACE endpoint used in this study, which includes non-fatal cerebral infarction and unplanned revasculariza-
tion, is broader than definitions used in some other studies; this may limit direct comparability of event rates across
different cohorts. Finally, MACE was used as a composite endpoint, and we did not analyze its individual components
(eg., all - cause mortality, cardiovascular death, non - fatal MI, non - fatal stroke, or unplanned revascularization). Thus,
the specific associations between PNI and individual cardiovascular events remain unclear. External validation in large-
scale, prospective, multicenter cohorts is therefore essential before considering clinical translation. Despite these
limitations, the present findings may provide new insights and theoretical evidence for future research.

Conclusion

In this single - center retrospective cohort study, lower PNI levels were significantly associated with a higher risk of
MACE among patients with TV - CHD. This suggests that nutritional status may have important clinical value in the
prognostic assessment of CHD. Therefore, PNI can be combined with other traditional risk prediction models and
integrated into the routine risk stratification process, thereby enhancing the predictive value for the risk of MACE in
patients with TV-CHD. Future large - scale prospective randomized controlled trials, combined with cellular and animal
experiments as well as artificial intelligence and bioinformatics analyses, are warranted to further elucidate the potential
mechanisms underlying this association.
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