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Purpose: Coronary artery bypass grafting (CABG) is widely recognized as the gold standard treatment for patients with complex
coronary artery disease (CAD). The identification of reliable hematologic predictors for major adverse cardiovascular events (MACE)
after CABG remains limited. In recent years, the platelet-to-hemoglobin ratio (PHR) has emerged as a promising prognostic marker in
various cardiovascular conditions and malignancies. This study investigated the prognostic value of the PHR for predicting in-hospital
and short-term adverse outcomes after CABG.

Patients and Methods: This retrospective cohort study included 1672 Chinese patients who underwent isolated CABG surgery
between 2015 and 2021. PHR was calculated as platelet count (x10%/L) divided by hemoglobin (g/L). The primary endpoint was
3-point MACE (3P-MACE), including cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke during hospitalization.
A predictive nomogram was developed and validated using bootstrap resampling.

Results: In our study, individuals with elevated PHR levels were more likely to experience 3P-MACE and stroke. After propensity
matching, the incidence of 3P-MACE was 5.7% in the high PHR group (PHR>1.890) and 1.5% in the low PHR group (P = 0.010).
Multivariate analysis identified preoperative PHR (odds ratio: 1.800 [95% CI 1.073-3.021], P=0.026) as an independent predictor for
3P-MACE post-CABG. A predictive nomogram for 3P-MACE following CABG was successfully developed. The predictive
performance of PHR was comparable to NLR and PLR, with an area under the ROC curve (AUC) of 0.595 (95% CI 0.486-0.691).
Combining PHR with nomogram parameters improved AUC to 0.762 (95% CI 0.687-0.837).

Conclusion: Elevated PHR (>1.890) was independently associated with postoperative 3P-MACE, reflecting the integrated effects of
thrombosis and anemia risk. Although PHR demonstrated modest discrimination as a single variable, its integration into
a multivariable nomogram improved predictive accuracy. These findings are hypothesis-generating and future multicenter, prospective
validation studies are warranted.
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Introduction

Coronary artery disease (CAD) remains a leading global cause of mortality, despite significant advancements in coronary
interventions and pharmacotherapy.' > Coronary artery bypass grafting (CABG) is widely regarded as the gold standard
for managing complex CAD due to its established reliability and efficacy over many years.°® This underscores the
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necessity for practical and straightforward prognostic indicators to evaluate post-CABG patient outcomes, enabling the
implementation of effective and timely intervention strategies.

Numerous studies have highlighted the prognostic significance of various peripheral blood cells and associated ratios
in predicting inflammation and adverse cardiovascular outcomes.”'® Recent studies have highlighted platelet-to-
lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) as predictors of cardiovascular outcomes, yet their
prognostic performance remains inconsistent.*!> Furthermore, the platelet-to-hemoglobin ratio (PHR) has emerged as
a notable prognostic marker in multiple cardiovascular diseases and certain cancers.'®'” Previous research has indicated
that elevated PHRs may offer better predictive value for adverse events in patients undergoing percutaneous coronary
intervention (PCI) compared to platelet and hemoglobin levels alone.'® However, the PHR—a composite measure
integrating thrombosis potential and oxygen-carrying capacity—has not been systematically evaluated in CABG
patients.'®2° Given that both thrombocytosis and anemia are linked to perioperative ischemic events and poor tissue
oxygenation,”'** PHR may serve as a biologically plausible and readily available biomarker.

We therefore aimed to ascertain whether PHR serves as an independent predictive indicator for 3-point major adverse
cardiovascular events (3P-MACE) post-CABG, and to develop a nomogram specifically tailored for 3P-MACE prediction.

Materials and Methods

Study Design

The investigation was approved by the Shandong Provincial Hospital Biomedical Research Ethics Committee (SWYX:
No 2022-498; 4 November 2022), all methods were performed in accordance with the relevant guidelines and regula-
tions, patient consent was waived for analysis and publication of patient data in anonymized fashion. The study was
conducted in accordance with the ethical principles of the Declaration of Helsinki (2013 revision). This retrospective
study included consecutive adults undergoing isolated CABG at Shandong Provincial Hospital between January 2015
and December 2021. Inclusions comprised patients (1) undergoing CABG procedures and (2) age >18 years. Exclusions
comprised patients undergoing concomitant cardiovascular procedures such as valve replacement, valve repair, and
aneurysm removal. Patients with incomplete preoperative platelet and hemoglobin data exceeding 5% were also
excluded. Ultimately, 1672 patients were included for analysis.
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Data Collection and Variables

Preoperative laboratory data, including platelet count, hemoglobin, neutrophil, and lymphocyte levels, were obtained
from the first blood test within 24 hours before surgery. PHR was defined as platelet count (x10°/L) divided by
hemoglobin (g/L). Platelet and hemoglobin levels were measured using a standardized hematology analyzer
(Mindray BC-6800, China). Preoperative imaging examinations such as echocardiographic (ECG), ultrasound, and
computed tomography (CT) were completed within 3 days after admission.

CABG and Support Techniques

Surgical approaches for CABG, including off-pump CABG (OPCABG) and minimally invasive direct coronary artery
bypass grafting (MIDCABG), were determined based on the patient’s cardiac symptoms and CAD severity. Median
sternotomy was the standard approach, with MIDCABG preferred for isolated proximal disease of specific arteries.
Following CABG, all patients received dual antiplatelet therapy (DAPT) comprising aspirin and clopidogrel.

End Points

The primary endpoint was 3P-MACE, a composite of cardiovascular death, non-fatal myocardial infarction, or non-fatal
stroke during hospitalization. Secondary endpoints included in-hospital cardiovascular mortality, postoperative events,
lengths of stay, intubation time, ICU stays, readmission, and reoperation.

Clinical Definition
The patient’s medical history is outlined in the Document S1.

Quantification and Statistical Analysis

Presentation

Statistical analyses were carried out with SPSS statistical software, version 25.0, Stata statistical software, version 16.0,
and R statistical software, version 4.5.1. Continuous variables were presented as means = SD or medians and interquartile
ranges (IQR), while categorical data were expressed as frequencies or percentages. To test for significant differences
between groups, the #-test or Mann—Whitney U-test and y2 test or Fisher’s exact test were used. For all two-tailed tests,
a P value below 0.05 was regarded as statistically significant.

Nomogram

Nomograms are increasingly in use for predictive analysis due to their simplicity, intuitiveness and advanced
capabilities.”> Univariable and multivariable logistic regression analyses identified independent predictors of 3P-
MACE. ROC analysis identified the optimal PHR cutoff (1.890) using the Youden index. Internal validation was
conducted using 1000 bootstrap resamples to estimate model stability and optimism-corrected AUC. The multivariable
logistic regression models incorporated variables with P value <0.05, along with potential predictive factors identified in
the univariable models. The selection of variables for inclusion in the models was guided by Forward: LR with
probabilities of 0.05 and 0.10 for inclusion and exclusion, respectively. Candidate nomogram models were carefully
crafted based on these significant risk factors to ensure robust predictive power. The predictive performance of the
nomogram, as well as other models in predicting 3P-MACE, was quantified using the area under the curve (AUC).
Furthermore, a well-calibrated curve was fitted to evaluate the nomogram’s predictive accuracy. To address the potential
limitations of receiver operating characteristic (ROC) curves in simultaneously optimizing sensitivity and specificity,
decision curve analysis (DCA) was employed to assess the clinical utility of the nomograms.

Propensity Matching

To evaluate the association between PHR and 3P-MACE, we employed propensity score matching to categorize patients based
on whether their PHR exceeded 1.89. Initially, a parsimonious model was developed using multivariate logistic regression, as
outlined in the previous section. Subsequently, clinically relevant variables that were not significantly associated with
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postoperative 3P-MACE were added to the fitted model to create a propensity-matched model. The effectiveness of the
propensity matching model was assessed using kernel density plots and propensity matching test plots.

Results

Patient Characteristics

Altogether, 1799 patients were enrolled from January 1, 2015 to December 31, 2021. Exclusions were made for 29
patients who underwent concomitant cardiovascular surgeries, such as valve replacement, valve repair, and aneurysm
removal. Additionally, 68 patients with missing data exceeding 5% and 30 patients lacking preoperative platelet and
hemoglobin indices were excluded (refer to Figure 1). Ultimately, 1672 patients who underwent CABG were included in
the study, with the following patient characteristics observed. The mean age of study participants was 63.02 (= 7.95)
years, with 72.8% being male. A majority of patients were smokers (52.5%) and had hypertension (almost 70%). The
study found that patients had several comorbidities, including diabetes (38.4%), hyperlipidemia (38.6%), myocardial
infarction (42.3%), cerebrovascular accident (24.3%), peripheral vascular disease (7.1%), and chronic obstructive
pulmonary disease (4.0%). Prior to the surgery, the median serum creatinine (SCr) level was 68.60 (19.65) pmol/L
and the mean estimated glomerular filtration rate (eGFR) was 94.01 (+ 16.08) mL/min/1.73m?. The median left
ventricular ejection fraction (LVEF) before the surgery was 60.0% (5.00%). Of the 1672 patients, 746 (44.5%) had
left main trunk diseases. Severe carotid artery stenosis was present in 116 (6.9%) patients, while 323 (19.3%) had

All patients underwent CABG surgery at Shandong
Provincial Hospital from January 2015 to December 2021
=1799).

Underwent ..
. Had missing values
concomitant exceedine 5%
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surgery (n=29). ’
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Group3 Group4
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(n=418) (n=410)

Figure | Flow diagram depicting the exclusion and enrollment of study participants.
Note: The flow diagram illustrates the process of participant exclusion and enrollment in the study.
Abbreviations: CABG, coronary artery bypass grafting; PHR, platelet-to-hemoglobin ratio.
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moderate to severe stenosis. The surgical details revealed that 97.9% of the cases underwent off-pump coronary artery
bypass grafting (OPCABG), while only 1.0% underwent minimally invasive direct coronary artery bypass (MIDCAB).
Following the operation, 40 (2.4%) patients experienced 3P-MACE, 30 (1.8%) had an ischemic stroke, and 6 (0.4%)
required a secondary surgery for bleeding. The mean hospital stay was 18.71 (x 5.93) days, the median intubation time
was 11.17 (3.92) hours, and the median ICU stay was 2.07 (1.08) days (refer to Supplementary Table S1).

Elevated PHR Increased Incidences of 3P-MACE

The preoperative PHR had a median value of 1.53 (1.27-1.89). The cut-off level of PHR was determined through
analysis of the receiver operating characteristics (ROC) curve between patients with and without 3P-MACE using the
Youden index, which was found to be 1.89 (refer to Figure 2). Subsequently, to address potential sources of bias, subjects
were categorized into four PHR groups: Group 1 (PHR>1.890, n=416), Group 2 (1.530<PHR<1.890, n=428), Group 3
(1.270<PHR<1.530, n=418), and Group 4 (PHR<1.270, n=410). Baseline characteristics revealed that individuals with
higher PHR levels had a higher prevalence of hypertension but a lower prevalence of smoking history. Moreover, those
with elevated PHR levels showed a higher percentage of female participants, increased incidences of 3P-MACE and
stroke, elevated levels of C-reactive protein (CRP) and B-type natriuretic peptide (BNP), and lower levels of height,
weight, and serum creatinine (SCr) (refer to Supplementary Table S2).

Risk Factors of 3P-MACE After CABG

Univariate Analysis of 3P-MACE Risk Factors After CABG

In univariate logistic regression analysis, the occurrence of 3P-MACE was found to be statistically linked to eight factors.
These factors included pulse pressure, history of cerebrovascular accidents, preoperative hemoglobin levels, PHR, C-reactive
protein (CRP) levels, presence of severe carotid artery stenosis, presence of moderate to severe carotid artery stenosis, and
postoperative monocyte levels (refer to Supplementary Table S1). There was no statistically significant difference in NLR and
PLR (P> 0.05) with less discriminative (AUC = 0.541 and 0.538, respectively), whereas PHR achieved an AUC = 0.595. The
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Figure 2 ROC curve analysis of PHR for predicting post-CABG 3P-MACE.

Notes: Figure 2 shows the ROC curve analysis for the AUC, sensitivity and specificity of PHR in predicting 3P-MACE following CABG.

Abbreviations: ROC, receiver operating characteristic; PHR, platelet-to-hemoglobin ratio; AUC, area under the curve; 3P-MACE, 3-point major cardiovascular adverse
events; CABG, coronary artery bypass grafting.
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ROC analysis demonstrated that PHR alone yielded an AUC of 0.595 (95% CI 0.486-0.691) for predicting 3P-MACE,
indicating a statistically significant but modest discriminative ability. This suggests that while PHR may serve as a useful

indicator for risk stratification, its clinical predictive power as a standalone biomarker remains limited.

Multivariate Analysis of Risk Factors for 3P-MACE After CABG

A multivariate analysis was conducted to identify the risk factors for 3P-MACE after CABG. This analysis included all
candidate variables from the univariate analysis and 16 potential predictive variables, such as age, weight, systolic blood
pressure (SBP), pulse pressure, diabetes mellitus, history of cerebrovascular accidents (CVA), chronic kidney disease,
preoperative hemoglobin levels, platelet-to-hemoglobin ratio (PHR), C-reactive protein (CRP), B-type natriuretic peptide
(BNP), prothrombin time (PT), prothrombin time-international normalized ratio (PT-INR), presence of left main trunk
disease, severe carotid artery stenosis, and postoperative monocyte levels. The study identified several independent risk
factors for 3P-MACE after CABG, including age (OR 1.056, 95% CI 1.007-1.106, P = 0.024), weight (OR 1.043, 95%
CI 1.013-1.075, P = 0.005), diabetes mellitus (OR 1.935, 95% CI 1.001-3.741, P = 0.050), history of CVA (OR 2.083,
95% CI 1.068-4.063, P = 0.031), PHR (OR 1.800, 95% CI 1.073-3.021, P = 0.026), and severe carotid artery stenosis
(OR 3.364, 95% CI 1.497-7.558, P = 0.003) (refer to Table 1).

Nomogram Model for 3P-MACE After CABG

Through ROC analysis, the individual and combined performance of the six factors from the multivariate analysis were
assessed, leading to the creation of an optimal nomogram model (refer to Figure 3). The separate areca under the curve
(AUC) values for age, weight, diabetes mellitus, history of CVA, PHR, severe carotid stenosis, and the predictive model
were 0.583, 0.586, 0.586, 0.604, 0.595, 0.586, and 0.762, respectively. The nomogram demonstrated good discrimination
(AUC 0.762, 95% CI 0.687-0.837) and internal calibration using bootstrap analysis (1000 resamples) yielded stable
discrimination estimates: AUC = 0.738 (95% CI: 0.656—0.812) and area under the precision-recall curve (AUPRC) =
0.623 (95% CI: 0.548-0.708). Additionally, as depicted in Figure 4, a score proportional to the value of each selected
biomarker on the nomogram was assigned. The scores for each variable were summed to calculate the total score, and
a vertical line was drawn on the total score to determine the corresponding probability of 3P-MACE. To validate the
generalizability of the nomogram for predicting 3P-MACE incidence, a comprehensive screening was conducted. The
calibration curves, as shown in Supplementary Figure S1, demonstrated good fit (Hosmer-Lemeshow P value = 0.744)

and exhibited a high level of accuracy in predicting 3P-MACE incidence. Furthermore, Supplementary Figure S2

displayed the decision curve analysis (DCA) curves, indicating that the nomogram model performed well across various
predictors and ensured maximal clinical utility. The DCA curves confirmed the viability of the nomogram model for
making useful and beneficial decisions regarding 3P-MACE.

Table | Multivariate Analysis of Risk Factors for 3P-MACE After CABG

Variables z SE P value | OR 95% CI

Age 2.25 | 0.025 | 0.024 1.056 | 1.007-1.106
Weight 2.79 | 0.016 | 0.005 1.043 | 1.013-1.075
Diabetes Mellitus 1.96 | 0.651 | 0.050 1.935 | 1.001-3.741
CVA 2.15 | 0.710 | 0.031 2.083 | 1.068-4.063
PHR 2.23 | 0.475 | 0.026 1.800 | 1.073-3.021
Severe Carotid Artery Stenosis | 2.94 | 1.389 | 0.003 3.364 | 1.497-7.558
Constant 2.35 | 0.003 | 0.019 1.006 | 1.001-1.011

Note: P values < 0.05 were considered statistically significant and are shown in bold.
Abbreviations: 3P-MACE, 3-point major adverse cardiovascular events; CABG, coronary artery
bypass grafting; SE, standard error; OR, odds ratio; Cl, confidence interval; CVA, cerebrovascular
accidents; PHR, platelet-to-hemoglobin ratio.
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Figure 3 ROC curves for the nomogram model incorporating age, weight, diabetes mellitus, CVA, PHR, and severe CAS.
Notes: Figure 3 displays the ROC curves of the nomogram model comprising age, weight, diabetes mellitus, CVA, PHR, and severe CAS.

Abbreviations: ROC, receiver operating characteristic; CVA, cerebrovascular accidents; PHR, platelet-to-hemoglobin ratio; CAS, carotid artery stenosis.
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Propensity Matching

To assess the association between PHR and 3P-MACE, we utilized propensity score matching to classify patients based on
whether their PHR exceeded 1.89. A total of 11 factors were included in the propensity-matched model, including age > 65
years, male gender, height, weight, hypertension, diabetes mellitus, hyperlipidemia, chronic renal failure, smoking history,
left main trunk disease and stenting of carotid arteries. The effectiveness of the propensity matching model was evaluated
using kernel density plots (Supplementary Figure S3 presents the density before matching, while Supplementary Figure S4

illustrates the density after matching) and propensity matching test plots (Supplementary Figure S5). These analyses

indicated a strong match between the two groups post-matching. The clinical and demographic characteristics of the
patients after propensity-matched analysis are detailed in Supplementary Table S3. In the univariate logistic regression

analysis, there was a statistically significant difference in cardiovascular mortality (P = 0.061). After matching, 3P-MACE
occurred in 15 of 264 patients in the PHR > 1.89 group (5.7% [95% CI, 2.87-8.49%]) compared to 4 of 264 patients in the
PHR < 1.89 group (1.5% [95% CI, 0.03-3.00%]) (P =0.01).

Discussion

This retrospective cohort study demonstrates that a higher PHR, particularly PHR>1.890, was independently correlated
with an increased hazard of 3P-MACE (a composite of cardiovascular death, nonfatal myocardial infarction, or nonfatal
stroke) in patients with CAD following CABG. Additionally, PHR was found to modestly improve risk stratification
when added to conventional factors, though absolute AUC gains were limited in CAD patients. These findings suggest
that PHR could serve as a practical and straightforward indicator for identifying high-risk CAD patients (those with
a PHR>1.890) following CABG. To the best of our knowledge, this is the first study to demonstrate a significant
association between preoperative PHR and 3P-MACE after CABG.

CABG has traditionally been considered the gold standard treatment for CAD patients.'® Studies have indicated that
CABG results in lower rates of non-procedural myocardial infarction and less need for revascularization compared to
Percutaneous Coronary Intervention (PCI).>* However, CABG is associated with increased risks of reoperations, blood
transfusions, longer hospital stays, and a higher hazard of stroke compared to PCL*>*® Furthermore, CABG remains
associated with 3P-MACE, including cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke, which have
substantial implications both commercially and medically for patients and healthcare systems.*’*® Therefore, there may be
a need for straightforward metrics that physicians can use to evaluate outcomes in CAD patients following CABG.

Among hematologic indices, the neutrophil-to-lymphocyte ratio (NLR)* and platelet-to-lymphocyte ratio (PLR)*°
have been identified as valuable markers for predicting poor prognosis in patients with CAD. However, the prognostic
utility of PHR has not been previously validated in CABG patients.

The PHR is a singular index derived from the precise levels of platelets and hemoglobin in peripheral blood. It has garnered
attention for its prognostic value in various cardiovascular diseases and malignant cancers.'®'® Mechanistically, PHR may
reflect a combined effect of thrombocytosis (enhanced platelet aggregation and inflammation) and anemia (tissue hypoxia and
oxidative stress), both of which can exacerbate ischemic injury and endothelial dysfunction post-CABG.?"*** Previous
observations have indicated that elevated PHRs were more predictive of adverse events than platelet and hemoglobin levels
alone in patients undergoing Percutaneous Coronary Intervention (PCI).'® Our findings align with previous studies linking
hemoglobin and platelet parameters to postoperative complications.?'*'*? Importantly, PHR integrates these two readily
available measures into a single, interpretable marker of hemostatic and oxygen-transport imbalance. Furthermore, perio-
perative bleeding and transfusion—both major modifiers of platelet and hemoglobin levels—may partially explain the
association between PHR and MACE, suggesting a potential mechanistic pathway.**~>

Given the pivotal role of platelets in CAD pathogenesis, antiplatelet agents are crucial for both immediate and long-
term prevention of recurrent myocardial infarction (MI), stroke, cardiovascular death, and MACE.*** Persistent
inflammation is a characteristic feature of CAD. In a state of heightened inflammation, various mediators are released,
leading to megakaryocyte proliferation and increased platelet counts in circulation.®> This phenomenon suggests that
platelet activation may be heightened in CAD patients, contributing to a prothrombotic state and potential thrombosis-
related complications.®® Activated platelets have a significant association with the initiation and progression of
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atherosclerosis, as well as with atherosclerotic plaque instability and thrombus formation during vascular endothelial
degeneration and plaque rupture.’’

Hemoglobin levels have been linked to the severity of atherosclerosis.”® Decreased hemoglobin levels indicate
a reduced capacity to transport oxygen, potentially worsening myocardial ischemic injury. This subsequent tissue
hypoxia can trigger the sympathetic nervous system and renin-angiotensin-aldosterone systems, leading to an increase
in cardiac output. These physiological changes may contribute to adverse left ventricle remodeling, fostering
a detrimental cycle of heart failure progression and myocardial infarction.

All patients diagnosed with CAD undergo a comprehensive blood count upon admission, with subsequent tests during
their hospitalization. Moreover, the platelet-to-hemoglobin ratio (PHR), a straightforward and easily calculable biomar-
ker, has proven to be a consistent predictor of CAD outcomes without imposing any additional costs on patients or
healthcare systems. Therefore, the hemoglobin-to-platelet ratio could emerge as a novel prognostic indicator for out-
comes following CABG.

Our findings also resonate with recent research highlighting the broader prognostic significance of laboratory inflamma-
tory markers in vascular disease. For example, C-reactive protein (CRP) and white blood cell (WBC) counts have been shown
to influence outcomes after vascular interventions, underscoring the systemic inflammatory contribution to postoperative
events.>® Taken together, these observations reinforce the concept that both inflammatory and hematologic markers can serve
as integrative indicators of vascular and endothelial stress, complementing traditional clinical predictors.

A predictive nomogram was developed to anticipate 3P-MACE following CABG, incorporating variables such as
age, weight, diabetes mellitus, history of CVA, PHR, and severe carotid artery stenosis. The nomogram was rigorously
evaluated and proven effective in forecasting patient outcomes. Its simplicity and intuitive design facilitate easy
interpretation by clinical staff.** In a comprehensive multivariate logistic regression analysis, it was identified that
age, weight, diabetes mellitus, CVA, PHR, and severe carotid artery stenosis were independently associated with the
occurrence of 3P-MACE. The nomogram model exhibited satisfactory accuracy with an area under the curve (AUC) of
0.762 when these six variables were integrated. Previous studies have highlighted the escalating prevalence of cardio-
vascular disease with advancing age.*' In Nazir Savji’s study, age over 65 years was established as an independent
predictor of major adverse cardiovascular or cerebrovascular events in diabetic patients with CAD.** Susanna
C Larsson’s research has linked higher BMI with an increased risk of various cardiovascular conditions, including aortic
valve stenosis and coronary artery disease.*’ Previous studies have shown that atherosclerotic cardiovascular disease was
associated with insulin resistance, hyperinsulinemia, and elevated blood glucose levels.** Furthermore, patients with
a history of cerebrovascular accidents and coronary artery disease often exhibit a severe atherosclerotic profile. Yu et al
found that CAS had a clear predictive value for the occurrence and severity of coronary artery disease.*> The correlation
could be interpreted that atherosclerosis impacts both carotid and coronary systems.*® Our study corroborated the
significant correlations of age, weight, diabetes mellitus, CVA, PHR, and severe carotid artery stenosis with 3P-
MACE incidence following CABG, aligning with existing literature. By amalgamating these six predictive factors into
a nomogram model, we aimed to enhance prediction accuracy and address the limitations of individual predictors.
Results confirmed that the nomogram outperformed single predictors in 3P-MACE prediction (AUC=0.762).
Furthermore, Decision curve analysis (DCA) has been widely utilized in various studies to evaluate the efficacy of
specific clinical strategies. In our investigation, DCA was employed to assess the clinical utility of the nomogram,
revealing its superior predictive value for 3P-MACE incidence compared to alternative indicators.

Complex CAD accompanied by MACE was linked to substantial morbidity and an unfavorable prognosis.
Introducing strategies such as leveraging the nomogram for secondary prevention and optimizing the management of
baseline parameters could prove advantageous in enhancing the outlook for this patient cohort. Specifically, for
individuals with elevated PHR, notably those with PHR>1.890, it would be imperative and advantageous to regulate
the inflammatory response progression, administer anticoagulants or antiplatelet medications, and consider incorporating
erythropoietin analogs or iron supplements to ameliorate anemia and prognosis.

The research is limited in several ways. Firstly, it was designed retrospectively and lacked randomization.
Furthermore, the data analyzed were sourced from a single clinic, with a restricted selection of patients. The sample
size was small, with fewer than forty patients experiencing 3P-MACE in this study. Consequently, the findings may not
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be broadly applicable to other Asian communities. Larger, multicenter prospective investigations are needed to validate
these findings and to explore the potential of PHR as a modifiable prognostic biomarker. Secondly, the exclusion of
patients who underwent emergency surgery due to the absence of pertinent laboratory data and ultrasound further
restricted the scope of the study. Thirdly, since the PHR was a ratio, this article did not further stratify the study in cases
where there were extreme values for platelets or hemoglobin. Fourthly, this study did not adjust for several important
perioperative confounders—such as blood transfusion, cardiopulmonary bypass (CPB) duration, or postoperative anemia
—which could potentially influence both platelet and hemoglobin levels and thereby affect the PHR and its association
with outcomes. Future prospective studies should incorporate these variables to strengthen the causal interpretation of
PHR as an independent prognostic factor.

Conclusion

Elevated PHR >1.890 was associated with an increased risk of postoperative 3P-MACE following CABG, demonstrating
independent predictive value for 3P-MACE. Although PHR alone demonstrated modest discrimination, its incorporation
into a multivariable nomogram improved predictive performance. These findings should be interpreted as preliminary and
hypothesis-generating. External validation in prospective, multicenter cohorts is needed before clinical implementation.
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