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Purpose: Malnutrition increases bleeding risk by reducing thrombogenicity, impairing platelet aggregation, prolonging bleeding time,
and promoting systemic inflammation, which affects vascular permeability and angiogenesis. The Prognostic Nutritional Index (PNI),
calculated from serum albumin and lymphocyte count, reflects both nutritional and inflammatory status. This study aimed to assess
PNI’s association with bleeding risk in acute coronary syndrome (ACS) patients on dual antiplatelet therapy (DAPT).

Patients and Methods: This prospective, single-center observational cohort study enrolled 1843 patients presenting with acute
coronary syndrome (ACS) who underwent percutaneous coronary intervention (PCI). ROC analysis determined 42.7 as the optimal
PNI cut-off value for risk stratification. Participants were stratified into distinct groups based on Prognostic Nutritional Index (PNI)
cut-off values, a composite marker derived from serum albumin levels and peripheral lymphocyte counts, reflecting both nutritional
and inflammatory status. Patients were prospectively followed for 12 months post-discharge to assess the occurrence of actionable
bleeding events, with the aim of evaluating the association between PNI and post-PCI bleeding risk.

Results: The study cohort had a mean age of 66.4, with 65.16% male. After PCI, 98.04% were on DAPT. Patients were divided into
Group I (PNI > 42.7, n = 1290) and Group II (PNI < 42.7, n = 553). During follow-up, 5.58% of patients experienced actionable
bleeding, with 3.5% in Group I and 10.3% in Group II (p < 0.0001). Multivariable Cox regression analysis revealed that PNI < 42.7
was a significant independent predictor of bleeding (HR: 1.7; 95% CI: 1.1-2.5; p < 0.003).

Conclusion: Baseline PNI is an independent predictor of post-discharge bleeding in ACS patients on DAPT after PCI, suggesting it
could be a valuable tool for risk stratification of bleeding in these patients.

Keywords: prognostic nutritional index, acute coronary syndrome, dual antiplatelet therapy

Introduction

The use of dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 inhibitor has resulted in marked decrease of
ischemic events and led to improved outcomes in acute coronary syndrome (ACS).' Following treatment with
percutaneous coronary intervention (PCI), antithrombotic treatment with DAPT typically continues for up to 12 months
post-discharge to downscale the risks of stent thrombosis and accompanying ischemic events.* However, the benefits of
DAPT come with significantly increased risks of bleeding which severely tax and limit the clinical benefits of DAPT.>®
Bleeding associated with the use of DAPT has been shown to be a significant contributing factor for both the mortality
and morbidity.”® Previously it has been demonstrated that risk of mortality posed by bleeding is comparable to that of
myocardial infarction (MI).” It has also been shown that unlike ischemic events, there is a significant and proportionate
correlation between major bleeding events and risk of mortality.'® Various studies, both randomised controlled trials
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(RCT’s) and observational studies have reported a 1.3-5.6% incidence of major bleeding in patients with ACS within

1 year of discharge ''™'?

and a 33.33% of patients on DAPT encountering a bleeding event within 1-year post-
discharge."' An earlier study showed that the risk for re-hospitalization due to bleeding was higher in conservatively
treated patients compared to invasively treated patients.'* Earlier variables, age, female gender, lower weight, low
hemoglobin, diabetes, hypertension, renal failure, atrial fibrillation, prior bleeding, and hemorrhagic or ischemic stroke
have demonstrated as significant predictors of bleeding.'> '

Current risk stratification tools for post-discharge bleeding after PCI, such as the PRECISE-DAPT and PARIS risk
scores, rely on clinical variables like age, renal function, hemoglobin levels, and prior bleeding history. While these tools
are widely used, studies have highlighted their modest predictive accuracy. For instance, the PRECISE-DAPT score,
though validated in multiple cohorts, has shown only moderate discrimination (C-statistic ~0.60-0.65) for predicting
bleeding events, particularly in diverse populations.’*?! Similarly, the PARIS bleeding risk score has demonstrated
limited predictive performance (C-statistic ~0.64), as reported in its derivation and validation studies.”*** These
limitations underscore the need for more robust risk assessment tools.

Furthermore, previous investigations have reported that malnutrition is significantly associated with low-
thrombogenicity hence bleeding risk,>* increased bleeding risk in patients on Vitamin K antagonists, significant
decrease in mean platelet aggregation (MPA),?® prolongation of bleeding time and purpura,”’*® vascular dysfunction
and remodelling,*>° decreased Thl cytokines (IL-2 and IFN-g), proinflammatory (TNF, IL-6, IL-la, and IL-1b)
cytokines and hyperactivation of Th2 cytokines (IL-4, IL-5, and IL-13),*'? thus, promoting generalized systemic

34,35

inflammation which negatively affects vascular permeability, and angiogenesis,>® thereby significantly increasing

odds of bleeding.
The prognostic nutritional index (PNI) propounded by Buzby et al,*” is an easy to calculate mathematical index from
serum albumin concentration and peripheral blood lymphocytes, and it is capable of comprehensively reflecting the

1 38 3941

nutritional and inflammatory status of an individual.”® Previously, PNI has been utilized to assess various cancers,
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postoperative acute kidney injury (AKI),** prognosis of cardiovascular diseases,** *°

and evaluating long-term outcomes
in elderly patients with an ischemic stroke.*® However, PNI has mostly been used for survival and mortality analysis in
various disease conditions and not as a predictive factor for diseases or events of interest. Additionally, the trade-off
between the utility and safety of DAPT is challenging, more so in case of patients at higher risk of bleeding,”'®*7*8
therefore it becomes imperative to stratify patients based on the probability of risk of bleeding before putting them on
DAPT.

Hence, we hypothesized that PNI may have a significant association with bleeding risk in ACS patients on DAPT.
The aim of the study was to test this hypothesis and evaluate the predictive value of PNI in determining the risk of

bleeding in ACS patients on DAPT.

Patients and Methods

Study Design

This prospective, single-center observational cohort study was conducted at Prince Faisal bin Khalid Cardiac Center,
Abha, Saudi Arabia. Data pertaining to all patients who presented with acute cardiac syndrome (ACS) and underwent
percutaneous coronary intervention (PCI) from March 2021 to March 2023 were recorded. The definition of ACS
considered was unstable angina (UA) with accompanying chest pain and ischemic changes on electrocardiogram, or type
1 acute myocardial infarction (MI) conforming to the universal definition of myocardial infarction.*’

Inclusion Criteria
Patients were only considered eligible for inclusion if they presented with ACS and had at least one lesion in a native coronary
artery having a reference diameter of 2.25-4.25 mm and a stenosis > 70%, as well as, suitable for PCI with stent placement.

Exclusion Criteria

Patients were excluded if they have had a major surgical procedure, or a major pathological bleeding event within past 3
months, history of diathesis for bleeding or coagulopathy, or a life expectancy of not more than 2 years. Patients were
also excluded if they had known hypersensitivity or contraindication for aspirin, ticagrelor, clopidogrel, heparin,
zotarolimus, everolimus, biolimus, or contrast agents.

Procedural Details
PCI was performed conforming to established standard practices. For anticoagulation either low-molecular weight or
unfractionated heparin was used. Using glycoprotein IIb/IIla inhibitors, predilation or postdilation, thrombus aspiration,
and use of intravascular imaging or fractional flow reserve (FFR) / instantaneous wave-free ratio (iFR) was left at the
operators’ discretion. Oral administration of 300 mg aspirin and a 300 mg or 600 mg clopidogrel loading dose was
ensured at least 12 hours before PCI. In case the administration of loading dose was not achieved 12 hours before PCI,
a loading dose of 600 mg clopidogrel was given as early as possible before PCI.

After successful PCI all patients were put on optimal pharmacological therapy, including DAPT, statins, beta blockers
or if indicated on angiotensin-receptor blockers (ARBs)/ angiotensin-converting enzyme inhibitors (ACE-inhibitors)
/direct renin inhibitors in conformity with ACC/AHA>® and ESC* guidelines.

End Points, Data Recorded and Definitions

The primary endpoint of this study was post-discharge actionable bleeding occurring at least 7 days after PCI. Fixing the
7-day lower-limit was based on the upper-limit of current hospitalization time frames for ACS, as well as to account for
any in-hospital events attributable to invasive procedures.”!

Data regarding baseline clinical, laboratory, procedural, and medications at discharge were prospectively recorded.
Bleeding Academic Research Consortium (BARC) criteria were used to classify bleeding.’” During the follow-up period
actionable bleeding was defined as BARC 2 or 3 bleed. Chronic Kidney Disease Epidemiology Collaboration equation
(the CKD-EPI) was utilized to calculate estimated glomerular filtration rate (eGFR).53
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Additionally, baseline prognostic nutritional index (PNI) was calculated as,>*

PNI = 10 x serumalbumin(g/dL) + 0.005 X totallymphocytecount(permm3)

Follow-Up
The clinical follow-up of all patients was done at 1, 3, 6, and 12 months from index PCI. At each follow-up point, data on
clinical status, endpoint events if any, any other adverse events, and adherence to DAPT were recorded.

Ethical Declaration and Approval

This study was carried out in conformity with the 2013 revision of the principles of Declaration of Helsinki’> and approved
by the institutional ethics committee of King Khalid University, Abha, Saudi Arabia vide number: ECM #2024-3328. The
study protocol was approved by the institutional review board and all the study subjects provided written informed consent.

Statistical Analysis

With a 95% confidence level (Z = 1.96), maximum variability (p = 0.5), and a 0.05 margin of error (e), Cochran’s sample
size equation®® determined a minimum required sample size of 385. Our study population (N = 1843) significantly
exceeded this threshold, ensuring robust statistical power for analysis. Continuous baseline data was presented as means
+ standard deviations or median (Quartilel, Quartile3), and intergroup comparisons of such data was done using students
t-test or Mann-Whitney U-test, as found appropriate. The categorical data was presented as numbers and percentages.
Pearson Chi-square test was used to compare categorical variables. PNI was treated as a binary variable, after identifying
the optimum cut-off value using receiver-operating characteristic curve (ROC) analysis. Univariable and Multivariable
Cox proportional hazards regression models were employed to identify independent predictors of actionable bleeding, as
unlike logistic regression they account for time-to-event data and provide time-dependent hazard ratios, offering superior
insights into bleeding risk over the 12-month follow-up. Only those variables which assumed significance in univariable
model p(<0.05), were included in the multivariable Cox proportional regression model. Statistical analyses were
conducted using R (R Core Team, 2023), RStudio (RStudio Team, 2023). Our study design is depicted in Figure 1.

Results

Baseline Characteristics of Study Cohort

Between March 2021 to March 2023, a total of 1843 ACS patients undergoing PCI and conforming to the set inclusion/
exclusion criteria were enrolled. Data including demographics, clinical details, co-morbidities, presentation time diagnosis,
laboratory parameters, procedural details, medications at discharge were recorded. Furthermore, data on study endpoint
events (actionable bleeding) were recorded for each enrolled patient for a follow-up period of 1-year. Since the last patient
was enrolled in March 2023, the follow-up period extended to March 2024. Baseline features of the study population are
presented in Table 1. The mean age of the study cohort was 66.4 = 9.80, with 65.16% being male. The most common
presentation time event in the study population was STEMI (56.75%), followed by NSTEMI (32.17%) and UA (10.85%)
respectively. Post-PCI, 98.04% of the cohort were put on DAPT. PNI, in the whole cohort ranged from 31.46 to 51.8, with
a median of 44.6. ROC analysis identified 42.7 as the optimal cut-off value for PNI, as depicted in Figure 2.

To study the correlations between PNI and other clinical characteristics of the study population, subjects were
stratified into two groups with respect to PNI, Group I (PNI > 42.7, n =1290) and Group II (PNI < 42.7, n = 553), as
presented in Table 1. Out of the total 1843 study subjects, 103 (5.58%) patients reported at least one event of actionable
bleeding during the follow-up period. The projection across the two groups revealed that 3.5% (46/1290) patients from
Group I reported the endpoint of actionable bleeding as against 10.3% (57/553) patients from Group II: p < 0.0001. The
study subjects in Group II compared to Group I, were older, had higher prevalence of comorbid conditions, lower
baseline mean Hb value (P < 0.0001), higher mean WBC count (p < 0.0001), lower mean albumin value (P<0.0001),
lower lymphocyte count (P = 0.032), and a lower mean Egfr (P = 0.001). However, the two groups did not differ in
presentation time event types, interventional findings, and medications at discharge including DAPT. No patients were
lost to follow-up and no mortality was reported.

458 https: Therapeutics and Clinical Risk Management 2025:21



Elkenany et al

A total of 1843 patients conforming to set
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Explore association of PNI with Post-discharge Bleeding in
ACS patients on DAPT after treatment with PCl using Cox
Proportional Hazards Regression analyses

Figure | Study Design.

Association of PNI with Actionable Bleeding During Follow-up

To explore the association between PNI and actionable bleeding during follow-up, univariable Cox regression analysis
was done, with actionable bleeding as dependent variable. For this analysis PNI was treated as a categorical variable
(PNI > 42.7 or PNI < 42.7). Results of the univariate Cox regression analysis are presented in Supplementary Table 1. To

Table | Baseline Characteristics of Acute Coronary Syndrome Study Population

Variables PNI > 42.7 PNI < 42.7 P value
Group | (n=1290) | Group 2 (n = 553)
Age, years (Mean + SD) 65.7 + 10.2 67 89 0.009
Gender, n (%)
Male 825 (64%) 376 (68%) 0.098
Female 465 (36%) 177 (32%)
Body mass index, kg/m2 (Mean * SD) 258 + 3.0 255 + 3.1 0.051
Current smoker, n (%) 696 (54%) 326 (59%) 0.047
Admission SBP, mmHg, (Mean * SD) 133.6 + 19.3 132.0 + 23.7 0.128
Comorbidities, n (%)
Hypertension 676 (52.4%) 324 (58.5%) 0.016
Diabetes mellitus 418 (32.4%) 221 (40%) 0.001
Hyperlipidemia 349 (27%) 133 (24%) 0.179
Previous revascularization 38 (2.9%) 30 (5.4%) 0.008
Previous MI 46 (3.5%) 32 (5.8%) 0.024
Previous Bleed (BARC 2 2) 13 (1%) 18 (3.2%) <0.001
Presentation Time Diagnosis, n (%)
STEMI 714 (55.3%) 332 (60.0%) 0.062
NSTEMI 431 (33.4%) 162 (29.3%) 0.084
UA 146 (11.3%) 54 (9.7%) 0.311
LVEF, % (Mean + SD) 557 £ 9.6 55+ 102 0.159
(Continued)
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Table 1 (Continued).

Variables PNI > 42.7 PNI < 42.7 P value
Group | (n=1290) | Group 2 (n = 553)
Laboratory Variates
Hemoglobin, g/dL (Mean * SD) 143 + 1.7 140+ 1.9 <0.001
Platelet, 109/L (Mean * SD) 218 + 57.6 220.7 + 69.1 0.386
WBC, 109/L (Mean * SD) 94+ 34 10.1 + 4.12 <0.001
Lymphocytes, 109/L 1.02 (0.61-1.54) 0.82 (0.49-1.23) 0.032
Albumin, g/dL 4.23 (4.004.51) 3.67 (3.36-3.89) <0.001
Peak troponin I, ng/mL 6.28 (0.51-36.25) 7.93 (0.60-39.2) 0.086
Peak CK-MB, ng/mL 19.77 (3.09-113.3) 22.27 (5.59-120.5) 0.057
Creatinine, mg/dL (Mean * SD) 097 £ 0.3 1.00 £ 0.2 0.031
eGFR, mL/min/1.73m? 76.7 £ 83 75474 0.001
Procedural Details, n (%)
Multivessel Disease 538 (41.7%) 279 (47.4%) 0.027
Multivessel Interventions 207 (16.0%) 118 (21.3%) 0.006
Region-wise Lesions Treated (per-lesion)
LM 67 (5.2%) 38 (6.8%) 0.170
LAD 674 (52.2%) 306 (55.3%) 0.221
LCX 494 (38.3%) 227 (41%) 0.276
RCA 519 (40.2%) 249 (45%) 0.055
Lesion Type
Calcified lesion 133 (10.3%) 78 (14.1%) 0.018
Thrombotic lesion 358 (27.7%) 146 (26.4%) 0.566
Bifurcation lesion 101 (7.8%) 48 (8.6%) 0.562
Treated lesions, per patient (Mean * SD) 143 £ 0.7 1.48 + 0.8 0.178
Stents Implanted, per patient, n(%) 1.35 + 0.6 141 + 0.6 0.061
Stent Diameter, mm, (Mean * SD) 295+ 0.5 3.0+07 0.083
Stent Length, mm, (Mean * SD) 328 £ 163 342 £ 197 0.113
Stent Types, n(%)
No-Stenting 13 (1.0%) Il (2.0%) 0.082
Zotarolimus-Eluting Stent 476 (36.9%) 191 (34.5%) 0.325
Everolimus-Eluting Stent 368 (28.5%) 155 (28%) 0.826
Biolimus-Eluting 433 (33.5%) 196 (35.4%) 0.430
Use of glycoprotein lIb/llla inhibitors 82 (6.3%) 27 (4.8%) 0.208
Baseline medication at discharge, n (%)
Statins 1281 (99.3%) 551 (99.6%) 0.448
B-blockers 1208 (93.6%) 527 (95.3%) 0.155
ACE inhibitors/ARB’s 1110 (86%) 467 (84.4%) 0.371
Aspirin 1254 (97.2%) 544 (98.3%) 0.163
P2Y 12 receptor inhibitor 1283 (99.4%) 551 (99.6%) 0.591
Nutritional and Inflammatory Status
PNI, median (QI, Q3) 42.21 (36.17, 51.8) 34.41 (31.46, 41.63) | <0.001
Bleeding events during follow-up
BARC 2 or 3 46 (3.5%) 57 (10.3%) <0.0001

Abbreviations: Hb, haemoglobin; SBP, systolic blood pressure; MI, myocardial infarction; BARC, bleeding academic research
consortium; STEMI, ST-elevation myocardial infarction; NTEMI, non-ST elevation myocardial infarction; UA, unstable angina;
LVEF; left-ventricular ejection fraction; WBC, white blood cell; CK-MB, creatine kinase-myocardial band; eGFR, estimated
glomerular filtration rate; LM, left-main coronary artery; LAD, left-anterior descending artery; LCX, left-circumflex coronary
artery; right-coronary artery; ACE, angiotensin-converting enzyme; PNI, prognostic nutritional index; Significance level set,
(p<0.05).
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Figure 2 Receiver operating characteristic curve of PNI.

test the predictive significance of PNI, statistically significant variates in univariable Cox regression were included in the
multivariable Cox regression analysis. The multivariable Cox regression analysis identified PNI (< 42.7) as a significant
independent predictor of actionable bleeding (HR: 1.7; 95% CI: 1.1-2.5; p < 0.003), as presented in Table 2.

In addition to PNI, the other independent predictors of actionable bleeding during follow-up as identified by
multivariable Cox regression are presented in Table 3. Additionally, Kaplan-Meier analysis was performed to assess
the actionable bleeding event analysis over a 12-month follow-up period. The median time to first bleeding could not be
estimated for either group, as the bleeding-free probability remained above 50% at the end of the study period. At 12

Table 2 Association of PNI

with Post-

Discharge Bleeding in ACS Patients on DAPT
After Treatment With PCI

PNI < 42.7 HR | 95%cCl| »p
Model | (unadjusted) | 2.1 | 1.2-3.1 | 0.021
Model 2 (adjusted) 1.7 | 1.1-2.5 | 0.003

Notes: Model 2, adjusted for age, gender, history of hyper-
tension, diabetes, history of previous bleeding, history of
previous revascularization, eGFR, creatinine, and medica-

tions at discharge.

Table 3 Predictors of Post-Discharge Bleeding in ACS Patients on
DAPT After Treatment with PCI

Predictor Variable HR | 95% CI p

PNI (< 42.7) 1.7 I1.1-25 | 0.003
Age (= 65) 1.4 I.1-1.8 | 0.021
Gender (Female) 0.7 | 0.5-0.98 | 0.042
History of Hypertension 1.5 1.0-2.4 0.010
History of Previous Bleeding (BARC 2 2) | 2.1 1.4-3.7 | 0.004
Increase (g/L) in Hb at discharge 0.9 | 0.91-0.99 | 0.001

Abbreviations: BARC, Bleeding Academic Research Consortium; PNI, Prognostic

Nutritional Index.
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Kaplan-Meier Curves for Group 1 and Group 2
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Figure 3 Kaplan-Meier Curve Analysis.

months, the bleeding-free probability was 96.4% (95% CI: 94.8-97.2) in Group 1 and 83.3% (95% CI: 73.4-86.8) in
Group 2. The Log rank test indicated statistically significant difference between the groups (p < 0.0001). These results
suggest a low overall risk of bleeding in Group 1 (PNI >42.7) compared to Group 2 (PNI < 42.7) during the study period
(Figure 3).

Discussion
The present study involved 1843 ACS patients who were treated with PCI and discharged on DAPT. The central finding
of the study was that the nutritional and inflammatory status of a patient as indicated by PNI is a significant predictor
(HR: 1.7;95% CI:1.1-2.5;p=0.003) of post-discharge bleeding in ACS patients on DAPT after treatment with PCI
(Table 2). The study confirmed previously identified predictors of bleeding (age, history of hypertension, and history
of bleeding).'>” Additionally, the present study also found that female gender and increase in Hb at discharge were
associated with lower risk of bleeding, in with PLATO trial and an earlier study respectively.'*>®

PNI as a tool for prognostication was initially proposed by Buzby in 1980 to predict outcomes of patients undergoing
gastrointestinal surgery.’” He calculated the nutritional status of patients by fitting a linear regression model on serum
albumin, serum transferrin, delayed hypersensitivity, and triceps skinfold. Later, in 1984, Onodera modified the formula
of PNI calculation by only retaining albumin from the earlier model and adding lymphocyte count in a mathematical
equation to represent a subject’s nutritional and inflammatory status.’® Previously, investigators have explored the

9-42 . . 43-4
3 cardiovascular diseases,* *°

applications of PNI in the prognosis of various cancers, and postoperative acute kidney
injury (AKI).*? In a 2016 study a significant association between lower PNI and unfavourable outcomes in elderly
STEMI patients treated with primary PCI was proposed,’® which was later on confirmed by two independent investiga-
tions held in 2017.°%¢! Both of the investigations reported that PNI was a significant independent prognostic factor in all
STEMI patients treated with PCI. PNI is calculated from serum albumin values and lymphocyte counts and is
a biological marker of chronic inflammatory and nutritional status.>® Low albumin levels have previously been linked
to increased risk of bleeding in ACS patients undergoing PCL®®> Moreover, malnutrition can induce chronic

3

inflammation,*> which can reduce total lymphocyte and CD4 counts,** which in turn leads to endothelial
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dysfunction,®

and a 2023 study reported endothelial dysfunction as an independent predictor of major bleeding in
patients with acute coronary syndrome (ACS).%

To our information this is the first study to investigate the association of PNI and post-discharge bleeding in ACS patients
treated with PCI. In this study the optimal PNI cut-off value was 42.7, which is in line with previous studies reporting an ideal
PNI threshold between 40 and 50.°” However, studies have reported non-uniform PNI thresholds for different diseases. This
can be attributed to the fact that diseases have varied characteristics and pathogenesis, so, setting a uniform cut-off value for
PNI may not be clinically wise. Therefore, cut-off values for PNI should be set separately for different disease conditions.
Additionally, other malnutrition screening indices, such as, universal screening tool for malnutrition are not suitable to use in
practical setting as the procedure of calculation is complex and also requires professional assistance.*® PNI is well suited for
use in clinical settings given its easy calculation from routine parameters, albumin and lymphocyte count.

Current risk stratification tools for post-discharge bleeding after PCI, including PRECISE-DAPT,>' PARIS,*
and ARC-HBR,”” have demonstrated moderate discriminative performance (PRECISE-DAPT and PARIS: C-statistics
~0.60-0.65; ARC-HBR: C-statistics ~0.65—0.75) in predicting bleeding events across multiple cohorts. While these tools
are validated and widely utilized, their reliance on clinical variables such as age, renal function, and prior bleeding
history limits their predictive accuracy, particularly in capturing systemic physiological vulnerabilities.

In contrast, PNI, derived from serum albumin and lymphocyte counts, offers a novel, biomarker-driven approach to
risk stratification. PNI reflects both nutritional status and systemic inflammation, which are intrinsically linked to
impaired thrombogenicity, prolonged bleeding time, and increased vascular fragility, which are key pathophysiological
contributors to bleeding risk in patients on dual antiplatelet therapy (DAPT). Unlike existing tools, PNI provides
a holistic assessment of physiological resilience, potentially enhancing risk prediction beyond traditional clinical
variables. By integrating PNI into risk stratification protocols, clinicians may better identify high-risk patients, enabling
more individualized DAPT strategies and optimizing post-PCI outcomes. Thus, PNI represents a significant advancement
over current methods, addressing critical gaps in bleeding risk assessment.

Therefore, we believe that utilizing PNI as a predictive index along with other risk scores such as PRECISE-DAPT (Predicting
Bleeding Complications in Patients Undergoing Stent Implantation and Subsequent Dual Antiplatelet Therapy) score,”* PARIS,**
or ARC-HBR® criteria can go a long way in risk stratification of post-discharge bleeding events in ACS patients put on DAPT
after treatment with PCI, thus allow clinicians to take informed decisions and direct targeted treatments accordingly.

Limitations

Single centre study, demographic component largely drawn from a particular geography (Aseer region, Kingdom of
Saudi Arabia), might limit the generalization of the results. Moreover, changes in PNI post-discharge were not accounted,
therefore, the effects of changes in PNI on outcomes could not be determined. All these constitute the main limitations of
this study. We acknowledge that variations in sociodemographic factors, clinical characteristics, and practice patterns,
such as PCI techniques and DAPT regimens, may introduce potential biases, thereby influencing outcomes and limiting
external validity. While our findings provide valuable insights into the role of PNI in post-PCI bleeding risk stratification,
future multicentre studies are warranted to validate these results in diverse populations and settings.

Conclusion

The baseline PNI is a significant independent predictor of post-discharge bleeding in ACS patients put on DAPT after
treatment with PCI. The integration of PNI into risk stratification protocols holds significant clinical implications,
particularly for optimizing post-PCI bleeding risk assessment in patients on DAPT. By incorporating PNI values,
clinicians can leverage a biomarker-driven approach that reflects both nutritional deficiency and systemic inflammation,
which are key pathophysiological contributors to bleeding risk. This holistic assessment could enhance the identification
of high-risk patients, enabling more tailored DAPT strategies, such as de-escalation or shorter durations, thereby
balancing ischemic and bleeding risks. However, to ensure broader applicability beyond the regional population studied,
multicentre validation across diverse sociodemographic and clinical settings is essential. Such efforts would confirm
PNI’s utility in global clinical practice, potentially transforming risk stratification paradigms and improving patient
outcomes.
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