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Background: Inflammation, immunity, and nutriture are associated with prognosis in cardiovascular disease. We aimed to devise
a novel nomogram model based on inflammation and nutrition indexes that accurately predicts Major adverse renal and cardiovascular
events (MARCE) in patients diagnosed with acute coronary syndrome (ACS) and coexisting chronic kidney disease (CKD).
Methods: We enrolled 685 individuals with ACS and CKD between January 2013 and August 2021. All patients were randomized
into the training (70%) and validation (30%) cohorts. Univariable and multivariable Cox regression analyses were used to identify
independent predictors for MARCE. The performance of the nomogram model was evaluated using receiver operating characteristic
(ROC) analysis, calibration curves, and decision curve analysis (DCA). The performance of the nomogram and GRACE score were
compared.

Results: The nomogram included six variables: age, left ventricular ejection fraction, systemic immune-inflammatory index (SII),
controlling nutritional status (CONUT) score, use of beta-blockers, and use of statins. The constructed nomogram demonstrated robust
predictive performance, achieving ROC ranging from 0.830 to 0.935 in the training set and 0.793 to 0.889 in the validation set,
respectively. Furthermore, the calibration curves exhibited excellent agreement between the predicted probabilities and the observed
outcomes, indicating the reliability of the nomogram’s predictions. Finally, the DCA confirmed the clinical value of the nomogram by
demonstrating its potential to improve decision-making processes in the context of managing the condition under study. Compared
with the GRACE score, the nomogram was superior in terms of both discrimination and reclassification ability.

Conclusion: Our novel nomogram, which incorporates the CONUT score and SII, shows promising utility for predicting MARCE in
patients with ACS and CKD. The identification of patients at heightened risk through our nomogram model is paramount as it serves
as a cornerstone for the implementation of targeted interventions aimed at modifiable variables.

Keywords: acute coronary syndrome, chronic kidney disease, GRACE score, major adverse renal and cardiovascular events,
nomogram, prediction model

Introduction

Chronic kidney disease (CKD) is prevalent, affecting approximately 30-40% of acute coronary syndrome (ACS).'~
However, major randomized clinical trials, particularly those focusing on cardiovascular disease, often underrepresent or
exclude patients with CKD.? This underrepresentation can contribute to the underuse of evidence-based treatment for
these patients, which in turn may lead to poorer outcomes despite their high-risk status.* Patients with CKD face an
elevated risk of ACS, exhibit notably higher mortality rates, and are predisposed to renal function deterioration.*®
Managing a single-organ dysfunction without acknowledging the interconnectedness of the secondary organ within the

cardiorenal axis can be misguided and potentially detrimental. The American Heart Association advocates for the
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utilization of major adverse renal and cardiovascular events (MARCE) as an innovative clinical endpoint for patients
with cardiorenal diseases, as it offers a comprehensive definition of prognosis.” Identifying patients at increased risk of
MARCE is an unmet need for individuals combined with ACS and CKD.

The current clinical scoring systems have been used in clinical practice for over a decade.®* ' Among them, the
Global Registry of Acute Coronary Events (GRACE) score stands as an efficacious indicator, endorsed by guidelines, for
predicting mortality and adverse events in patients diagnosed with ACS.*'" Recent studies have shown that predictive
models incorporating creatinine and cardiac enzyme markers could underestimate the risk of major events for patients
with kidney dysfunction.'>'® Therefore, these models may not be widely adopted for patients combined with CKD.
Moreover, models that effectively assess the prognosis of ACS and CKD are still lacking. The nomogram we developed
aims to fill this gap by considering malnutrition and inflammation factors, thereby better capturing the complex interplay
between nutrition and inflammation that underpin CVD risk, providing more accurate risk prediction and personalized
interventions for ACS and CKD patients.

It is noteworthy that in recent years, several emerging risk models and biomarkers (such as proteomics, metabolo-
mics, etc.) have also been proposed for predicting the prognosis of cardiorenal patient populations.'*'> However, these
methods often focus on specific biomarkers or genetic characteristics, posing issues such as higher detection costs, the
need for special equipment, and professional knowledge, thereby limiting their use in clinical practice. In contrast, ACS
and CKD share non-traditional cardiovascular risk factors, including malnutrition and inflammatory mediators that
promote atherosclerosis.'®!” The correlation between malnutrition, inflammation, and atherosclerosis is referred to as
the malnutrition—inflammation—atherosclerosis syndrome, which is closely associated with death, cardiovascular events,
and renal dysfunction.'” "

The Controlling Nutritional Status (CONUT) score, devised utilizing solely three readily obtainable laboratory
parameters, has been established as a screening tool for malnutrition and has emerged as a strong predictor of adverse
prognosis in both cardiovascular diseases and kidney diseases.”’?> Meanwhile, the Systemic Immune-Inflammation
Index (SII), a comprehensive inflammatory biomarker, provides an accurate portrayal of patients’ inflammatory and
immune states.”® Notably, the SII has been correlated with cardiovascular events and renal impairment in patients with

cardiovascular diseases,z“’25

thereby suggesting its potential utility in predicting MARCE. However, these newly
validated predictors have rarely been included as variables in existing prediction models.

Hence, our objective was to devise a nomogram for predicting MARCE in patients with ACS and CKD, and
subsequently validate its clinical efficacy. We hypothesized that a combination of malnutrition score, inflammatory
index, and other clinical parameters, could enhance the precision of risk stratification and facilitate informed clinical

decision-making for this patient population.

Methods
Study Population

In this retrospective study, we consecutively collected data from 902 patients with ACS and CKD who underwent
percutaneous coronary intervention (PCI) at the First Affiliated Hospital of Wenzhou Medical University, spanning the
period from January 2013 to August 2021. The definition of ACS adhered to current guidelines,?® encompassing both ST-
segment elevation myocardial infarction (STEMI) and non-ST-segment elevation acute coronary syndrome (NSTE-ACS)
, the latter comprising unstable angina (UA) and non-ST-segment elevation myocardial infarction (NSTEMI). STEMI
was characterized by chest discomfort or other ischemic symptoms accompanied by new ST-segment elevations in two
contiguous leads or new bundle branch blocks, along with elevated cardiac biomarkers. NSTEMI was distinguished by
chest discomfort or other ischemic symptoms, elevated cardiac biomarkers, and the absence of ST-segment elevation on
the electrocardiogram. UA was defined as newly developed or accelerated chest symptoms within two weeks of
exertional or resting angina, without elevated cardiac biomarkers. CKD was diagnosed based on a history of the disease
or an estimated glomerular filtration rate (¢GFR) of less than 60 mL/min/1.73 m? for three months or longer, as calculated
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.”” The exclusion criteria included
death during hospitalization, current dialysis or end-stage renal disease, severe infections, combined hematologic or
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rheumatic immune system diseases, and a history of malignancy. After exclusions, 685 participants with ACS and CKD
were included and randomly assigned to training and validation cohorts (7:3) for the construction and validation of the
prediction model. Details of the recruitment process are displayed in Figure 1.

We additionally collected 278 patients with ACS complicated by CKD who met the above inclusion and exclusion
criteria as an external validation cohort. These patients were from different time periods (from December 2021 to
January 2024) at the First Affiliated Hospital of Wenzhou Medical University.

The trial protocol was approved by the Ethics Review Board of the First Affiliated Hospital of Wenzhou Medical
University, and our work was reported following the TRIPOD statement guideline.”®

Data Collection
We gathered baseline characteristics of the study cohort, encompassing age, gender, and a comprehensive array of
clinical data. This encompassed presentation characteristics, medical history, procedural details, laboratory findings, and
treatment data, all sourced from electronic medical records. To gauge the nutritional status of the patients, we employed
the CONUT score.?' This tool integrates serum albumin level, total cholesterol level, and lymphocyte count to provide
a comprehensive assessment. The CONUT score was calculated in accordance with the previously established
reference.”!

The SII** was a novel index to measure systemic immune-inflammation status of patients and calculated using the
following formula: total peripheral platelet count (P) x neutrophil-to-lymphocyte ratio (N/L); that is, SII = PxN/L.

The large multinational observational GRACE score, recommended by clinical guidelines,®'' was used to predict
adverse events in patients with ACS. The GRACE score was calculated at discharge and compared with the developed
nomogram.

Outcome Definition

The endpoint of the study was MARCE after discharge, defined as a composite of all-cause mortality, nonfatal acute
myocardial infarction, nonfatal stroke, and renal function worsening (initiation of renal replacement therapy, transplanta-
tion, or a doubling of the serum creatinine level).7 The choice of the 6-, 12-, and 24-month intervals for outcome
prediction in our study is based on their clinical relevance, their ability to capture critical stages in disease progression,

patients with ACS and CKD who received primary percutaneous
coronary intervention (PCI) at the First Affiliated Hospital of Wenzhou
Medical University between January 2013 and August 2021 (n=902)

patients excluded (n=217):

(1) death during the hospital;

(2) current dialysis, or end-stage renal disease;
(3) severe infections;

(4) combined with hematologic or rheumatic
immune system diseases;

(5) a history of malignancy;

A

(patients eligible for analysis (n=685) )

validation set
(n=206)

training set
(n=479)

Figure | Flowchart of the study design.
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and their common use in clinical research to provide a comprehensive view of various follow-up terms. Follow-up data
were collected every six months after discharge from medical records, outpatient clinician visits, and telephone
conversations to assess outcomes.

Nomogram Development

To develop the nomogram, we first conducted univariable and multivariable Cox regression analyses in the training
cohort to identify independent predictors of MARCE. Variables with a P-value less than 0.05 in the multivariable analysis
were included in the final nomogram model. The six predictors identified were age, left ventricular ejection fraction
(LVEF), systemic immune-inflammatory index (SII), controlling nutritional status (CONUT) score, use of beta-blockers,
and use of statins.

The selected variables in the nomogram were represented in the model by connecting each predictor to a particular
point on the point axis. The total sum of scores for each variable was displayed on the “Total Points” axis, and a vertical
line was then drawn downward from the plotted total point on the axis to intersect with the probability axis, thereby
determining the probability of MARCE at 6, 12, and 24 months.

Nomogram Validation
The performance of the nomogram was evaluated in both the validation cohort and the external validation cohort. The
discriminative ability of the nomogram was assessed using the receiver operating characteristic (ROC) curve and the area
under the ROC curve (AUC). Additionally, calibration curves were used to visually assess the agreement between the
predicted probabilities and the observed outcomes.

Decision curve analysis (DCA) was also conducted to estimate the clinical practicality and net benefit of the
nomogram. Furthermore, we compared the performance of the nomogram with the existing GRACE score in terms of
AUC, net reclassification improvement (NRI), and integrated discrimination improvement (IDI).

Statistical Analyses
Continuous variables are presented as mean + standard deviation for normally distributed variables and median
(interquartile range) for non-normally distributed variables, while categorical variables are presented as numbers
(percentages). The clinical characteristics of patients were compared using appropriate statistical tests, namely the
Student’s #-test, Wilcox test and Chi-square test. Variables with a loss rate of less than 15% were maintained and filled
in with the multiple imputation using chained equations.

Statistical significance was set at a P-value of less than 0.05 (two-tailed) for all analyses conducted in this study. All
statistical analyses were conducted using SPSS version 25.0 (IBM Corp, Armonk, NY, USA) and R version 4.2.2.

Results

Baseline Characteristics of the Study Population

Between January 2013 and August 2021, 902 patients were retrospectively screened. After exclusion, a total of 685
patients were finally enrolled in the study. The mean age of these patients was 72.1 years, with a standard deviation of
10.6 years. The majority of the patients were male, accounting for 74.8% of the total. These patients were then randomly
divided into two cohorts: a training cohort consisting of 479 patients, and a validation cohort comprising 206 patients
(Figure 1). In the total population, there were 147 all-cause deaths, 51 nonfatal acute myocardial infarctions, 28 nonfatal
strokes, and 77 renal function worsening. During a median follow-up of 31 months, MARCE occurred in 188 (39.2%)
and 81 (39.3%) cases in the training and validation sets, respectively. For the training set, the MARCE rates were 10.6%,
11.9%, and 20.5% after 6, 12, and 24 months, respectively, whereas those for the validation set were 9.2%, 11.7%, and
16%, respectively. Table 1 presents a comparison of the baseline characteristics between the training and validation sets,
and the results indicate that there are no statistically significant differences between the two groups for any of the
measured variables (all P-values greater than 0.05).
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Table | Baseline Characteristics of Patients with ACS and CKD in the Training and Validation Sets
Total (N=685) Training Set (n=479) Validation Set (n=206) | P-value
Clinical characteristics
Age (year) 73 (66, 80) 73 (66, 80) 72.5 (65, 79.75) 0.478
Sex 0.889
Female 172 (25.11%) 121 (25.26%) 51 (24.76%)
Male 513 (74.89%) 358 (74.74%) 155 (75.24%)
BMI (kg/m?) 23.59 (21.3, 25.34) 23.44 (21.48, 25.27) 23.64 (21.14, 25.5) 0.604
Heart rate (beat/min) 80 (69, 95) 80 (70, 96) 79 (67, 91.75) 0.108
ACS presentation 0.266
NSTE-ACS 248 (36.2%) 167 (34.86%) 81 (39.32%)
STEMI 437 (63.8%) 312 (65.14%) 125 (60.68%)
Aetiology of CKD 0.083
Chronic glomerulonephritis 240 (35.0%) 174 (36.3%) 66 (32.0%)
Diabetic nephropathy 183 (26.7%) 128 (26.7%) 55 (26.7%)
Hypertensive nephropathy 141 (20.6%) 96 (20.0%) 45(21.8%)
IgA nephropathy 24 (3.4%) 15 (3.1%) 9 (4.4%)
Membranous nephropathy 16 (2.3%) 8 (1.7%) 8 (3.9%)
Other reasons 68 (9.9%) 51 (10.6%) 17 (8.3%)
Killip class 0.476
| 316 (46.13%) 214 (44.68%) 102 (49.51%)
Il 191 (27.88%) 136 (28.39%) 55 (26.7%)
n 58 (8.47%) 45 (9.39%) 13 (6.31%)
v 120 (17.52%) 84 (17.54%) 36 (17.48%)
Hypertension 0.592
No 154 (22.48%) 105 (21.92%) 49 (23.79%)
Yes 531 (77.52%) 374 (78.08%) 157 (76.21%)
Diabetes mellitus 0.932
No 414 (60.44%) 290 (60.54%) 124 (60.19%)
Yes 271 (39.56%) 189 (39.46%) 82 (39.81%)
Dyslipidemia 0.203
No 328 (47.88%) 237 (49.48%) 91 (44.17%)
Yes 357 (52.12%) 242 (50.52%) 115 (55.83%)
Current smoker 0.360
No 430 (62.77%) 306 (63.88%) 124 (60.19%)
Yes 255 (37.23%) 173 (36.12%) 82 (39.81%)
Previous Ml 0.676
No 671 (97.96%) 468 (97.7%) 203 (98.54%)
Yes 14 (2.04%) Il (2.3%) 3 (1.46%)
Previous PCI 0.534
No 646 (94.31%) 450 (93.95%) 196 (95.15%)
Yes 39 (5.69%) 29 (6.05%) 10 (4.85%)
Previous CABG 1.000
No 678 (98.98%) 474 (98.96%) 204 (99.03%)
Yes 7 (1.02%) 5 (1.04%) 2 (0.97%)
Laboratory data
Hemoglobin (g/L) 118 (102, 133) 119 (102, 134) 116.5 (102.25, 130) 0.230
WBC (10°/L) 9.75 (7.54, 12.66) 9.62 (7.56, 12.62) 9.84 (7.4, 12.71) 0.776
Platelet (10%/L) 203 (165, 253) 205 (167, 250) 199.5 (160, 254.75) 0.477
Neutrophil (10°/L) 7.42 (5.3, 10.48) 7.4 (5.36, 10.3) 7.68 (5.16, 10.88) 0.984
Monocyte (107/L) 0.63 (0.48, 0.9) 0.64 (0.48, 0.9) 0.62 (0.48, 0.9) 0.728
Lymphocyte (10°/L) 1.3 (0.92, 1.7) 1.3 (0.94, 1.71) 1.29 (0.89, 1.64) 0.292
N 1082.94 (687.41, 2025.05) | 1086.2 (691.82, 2024.46) | 1044.89 (673.56, 2019.26) | 0.831
(Continued)
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Table 1 (Continued).

Total (N=685) Training Set (n=479) Validation Set (n=206) | P-value
CRP (mg/L) 24.2 (8.7, 59.3) 21.5 (8.9, 60.1) 28.1 (8.3, 52.4) 0.636
Creatinine (mg/dl) 1.49 (1.27, 2) 1.5 (1.28, 2) 1.49 (1.26, 2) 0.809
Albumin (g/L) 344 (31.4,37.2) 34.4 (31.35, 37.05) 34.25 (31.5, 37.4) 0.930
TC (mg/dl) 174.02 (144.76, 206.74) 175.18 (146.68, 210.4) 171.32 (144.09, 203.76) 0.334
TG (mg/dl) 124.88 (87.68, 178.03) 123.11 (84.14, 170.94) 127.1 (95.66, 195.3) 0.097
HDL-C (mg/dl) 36.86 (31.04, 46.56) 36.86 (31.04, 45.98) 36.86 (31.04, 46.95) 0.846
LDL-C (mmol/L) 2.5 (1.81, 3.18) 2.54 (1.78, 3.2) 2.42 (1.94, 3.12) 0.569
CONUT 3(2,5) 3(2,5) 35(25) 0.646
Echocardiographic and angiographic data
LVEF (%) 48 (40, 57.1) 48 (40, 58) 48 (40, 55) 0.406
Multivessel disease 0.228
No 383 (55.91%) 275 (57.41%) 108 (52.43%)
Yes 302 (44.09%) 204 (42.59%) 98 (47.57%)
LAD stenosis 250% 0.863
No 127 (18.54%) 88 (18.37%) 39 (18.93%)
Yes 558 (81.46%) 391 (81.63%) 167 (81.07%)
LCX stenosis 250% 0.080
No 236 (34.45%) 175 (36.53%) 6l (29.61%)
Yes 449 (65.55%) 304 (63.47%) 145 (70.39%)
RCA stenosis 250% 0.817
No 187 (27.3%) 132 (27.56%) 55 (26.7%)
Yes 498 (72.7%) 347 (72.44%) 151 (73.3%)
Medical therapy
DAPT 0.744
No 7 (1.02%) 4 (0.84%) 3 (1.46%)
Yes 678 (98.98%) 475 (99.16%) 203 (98.54%)
Beta-blockers 0.660
No 328 (47.88%) 232 (48.43%) 96 (46.6%)
Yes 357 (52.12%) 247 (51.57%) 110 (53.4%)
ACEI/ARB 0.121
No 477 (69.64%) 325 (67.85%) 152 (73.79%)
Yes 208 (30.36%) 154 (32.15%) 54 (26.21%)
Diuretics 0415
No 372 (54.31%) 265 (55.32%) 107 (51.94%)
Yes 313 (45.69%) 214 (44.68%) 99 (48.06%)
Statins 0.944
No 64 (9.34%) 45 (9.39%) 19 (9.22%)
Yes 621 (90.66%) 434 (90.61%) 187 (90.78%)
SGLT2i 0.566
No 601 (87.74%) 418 (87.27%) 183 (88.83%)
Yes 84 (12.26%) 61 (12.73%) 23 (11.17%)
GRACE score 135 (120, 152) 135 (119.5, 153) 135 (121, 149) 0.588

Abbreviations: CKD, chronic kidney disease; BMI, body mass index; ACS, acute coronary syndrome; NSTE-ACS, non—ST-segment elevation acute coronary syndrome; STEMI,
ST-segment elevation myocardial infarction; Ml, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; WBC, white blood cell;
Sll, systemic immune-inflammation index; CRP, c-reactive protein; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol level; LDL-C, low-density
lipoprotein cholesterol level; CONUT, controlling nutritional status; LVEF, left ventricular eject fraction; LAD, left anterior descending coronary; LCX, left circumflex artery;
RCA, right coronary artery; DAPT, dual antiplatelet therapy; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; SGLT2i, Sodium-glucose
cotransporter-2 inhibitor; GRACE, Global Registry of Acute Coronary Events;
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Table 2 presents a comparison of baseline characteristics between patients in the training set who experienced
MARCE and those who did not. Significant differences were observed between the MARCE and non-MARCE groups in
terms of age; BMI; heart rate; Killip class; hemoglobin, albumin, and triglyceride (TG); white blood cell, neutrophil, and
lymphocyte counts; SII; left ventricular ejection fraction (LVEF); multivessel disease; left circumflex artery (LCX)
stenosis >50%; use of beta-blockers; use of ACEI/ARB; use of statins; and GRACE and CONUT scores (all P < 0.05).

Univariable and Multivariable Cox Regression Analyses in the Training Set

Univariable and multivariable Cox regression results are presented in Table 3. Based on the univariable Cox regression
analysis, 14 variables (age, heart rate, Killip class, diabetes mellitus, hemoglobin level, SII, creatinine level, CONUT
score, LVEF, multivessel disease, LCX stenosis >50%, use of beta-blockers, use of ACEI/ARB, and use of statins) had
P-values < 0.1 and were considered potential predictors. The results of the multivariable Cox regression analysis
conducted on the training set indicate that several factors are independently associated with the rate of major adverse
renal and cardiovascular events (MARCE) in the study population. Specifically, the analysis identified age, the systemic
immune-inflammation index (SII), the CONUT score, left ventricular ejection fraction (LVEF), the use of beta-blockers,
and the use of statins as significant predictors of MARCE (all with P values < 0.05). Notably, the CONUT score and SII
included albumin level, total cholesterol level, lymphocyte count, platelet count, and N/L; therefore, these variables were
excluded from the Cox regression analysis.

Development and Validation of the Nomogram
The six variables that were included in the nomogram model for predicting MARCE in patients with ACS and CKD were
age, SII, CONUT score, LVEF, use of beta-blockers, and use of statins (Figure 2).

In the training set, the AUC for the model was 0.935 (95% CI 0.894-0.973), 0.917 (95% CI 0.879-0.958), and 0.830
(95% CI1 0.784-0.880) at 6, 12, and 24 months, respectively (Figure 3A). The calibration plots showed that the model’s
predicted probabilities were close to the observed probabilities for all time points (Figure 4A—C). The DCA results
indicated that the nomogram could bring net benefit when the threshold probabilities ranged from 0.017 to 0.789, 0.013
to 0.831, and 0.027 to 0.932 at 6, 12, and 24 months, respectively (Figure 5A).

In the validation set, the AUC was 0.889 (95% CI 0.812-0.966) at 6 months, 0.886 (95% CI 0.819—-0.954) at 12
months, and 0.793 (95% CI 0.693-0.894) at 24 months (Figure 3B). The calibration plots presented in Figure 4D—F for
the nomogram demonstrate excellent agreement between the observed and predicted probabilities across all time points,
indicating a high degree of consistency and accuracy in the predictive model. The decision curves revealed a broad
spectrum of high-risk threshold probabilities within the validation set, implying that the nomogram possesses significant
clinical utility and can inform decision-making across a variety of scenarios (Figure 5B).

Comparison of Nomogram with GRACE Score

In the training and validation sets, we compared the performance of the nomogram with the GRACE score in terms of
AUC, IDI, and NRI (Table 4). The results showed that the nomogram had better discrimination and reclassification
ability than the GRACE score.

Sensitivity Analysis in the Whole Cohort

Patients with ACS and CKD have comorbidities such as elderly, hypertension, and diabetes. For sensitivity analysis, we
calculate AUC values in different subgroups of the whole cohort (Table 5). Subgroup analysis revealed that the
nomogram had a relatively great discrimination ability across different subgroups (Age, Sex, Hypertension, Diabetes,
Type of ACS, and eGFR).

External Validation

Based on the data from 278 cases collected between December 2021 and January 2024, which served as an external dataset, 79
patients experienced MARCE events, while 199 did not. The model built from the training set was used for external validation.
The AUC for the external validation population was 0.81 (95% CI: 0.71-0.92) (Figure 6A). The predictive model was
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Table 2 Baseline Characteristics of Patients with and without MARCE in the Training Set

Total (N=479) Non-MARCE (n=291) | MARCE (n=188) P-value
Clinical characteristics
Age (year) 73 (66, 80) 71 (64, 79) 76 (70, 82) <0.001
Sex 0.067
Female 121 (25.26%) 65 (22.34%) 56 (29.79%)
Male 358 (74.74%) 226 (77.66%) 132 (70.21%)
BMI (kg/m?) 23.44 (21.48, 25.27) 23.64 (21.8, 25.42) 23.3 (21.22, 24.78) 0.033
Heart rate (beat/min) 80 (70, 96) 79 (68, 92) 84 (72, 99.25) 0.008
ACS presentation 0.486
NSTE-ACS 167 (34.86%) 105 (36.08%) 62 (32.98%)
STEMI 312 (65.14%) 186 (63.92%) 126 (67.02%)
Killip class <0.001
I 214 (44.68%) 153 (52.58%) 61 (32.45%)
Il 136 (28.39%) 84 (28.87%) 52 (27.66%)
i 45 (9.39%) 26 (8.93%) 19 (10.11%)
v 84 (17.54%) 28 (9.62%) 56 (29.79%)
Hypertension 0.962
No 105 (21.92%) 64 (21.99%) 41 (21.81%)
Yes 374 (78.08%) 227 (78.01%) 147 (78.19%)
Diabetes mellitus 0.192
No 290 (60.54%) 183 (62.89%) 107 (56.91%)
Yes 189 (39.46%) 108 (37.11%) 81 (43.09%)
Dyslipidemia 0.191
No 237 (49.48%) 137 (47.08%) 100 (53.19%)
Yes 242 (50.52%) 154 (52.92%) 88 (46.81%)
Current smoker 0.711
No 306 (63.88%) 184 (63.23%) 122 (64.89%)
Yes 173 (36.12%) 107 (36.77%) 66 (35.11%)
Previous Ml 0.46
No 468 (97.7%) 286 (98.28%) 182 (96.81%)
Yes I (2.3%) 5 (1.72%) 6 (3.19%)
Previous PCI 0.526
No 450 (93.95%) 275 (94.5%) 175 (93.09%)
Yes 29 (6.05%) 16 (5.5%) 13 (6.91%)
Previous CABG 0.621
No 474 (98.96%) 289 (99.31%) 185 (98.4%)
Yes 5 (1.04%) 2 (0.69%) 3 (1.6%)
Laboratory data
Hemoglobin (g/L) 119 (102, 134) 122 (105, 137) 116 (99, 131) 0.006
WBC (10°/L) 9.62 (7.56, 12.62) 891 (7.16, 11.4) 11.17 (8.56, 15.07) <0.001
Platelet (10%/L) 205 (167, 250) 199 (166.5, 246) 212.5 (167, 257) 0.075
Neutrophil (10°/L) 7.4 (5.36, 10.3) 6.5 (4.89, 8.79) 9.41 (6.52, 13.15) <0.001
Monocyte (10°/L) 0.64 (0.48, 0.9) 0.64 (0.48, 0.85) 0.68 (0.48, 0.95) 0.812
Lymphocyte (10%/L) 1.3 (0.94, 1.71) 1.43 (1.12, 1.9) 1.02 (0.75, 1.41) <0.001
SlI 1086.2 (691.82, 2024.46) | 868.65 (590.05, 1288.49) | 1869.73 (1081.85, 3248.94) | <0.001
CRP (mg/L) 21.5 (8.9, 60.1) 15.9 (7.4, 42.8) 56.3 (18.4, 90) 0.035
Creatinine (mg/dl) 1.5 (1.28, 2) 1.48 (1.27, 1.84) 1.53 (1.3, 2.34) 0.117
Albumin (g/L) 34.28+4.4| 35.18+4.18 32.88+4.39 <0.001
TC (mg/dl) 175.18 (146.68, 210.4) 177.1 (148.61, 214.83) 168.24 (142.16, 202.61) 0.064
TG (mg/dl) 123.11 (84.14, 170.94) 128.43 (94.33, 179.35) 109.38 (76.83, 155) 0.002
HDL-C (mg/dl) 36.86 (31.04, 45.98) 36.47 (30.65, 44.62) 38.02 (32.2, 48.6) 0.151
LDL-C (mmol/L) 2.54 (1.78, 3.2) 2.61 (1.83,3.2) 2.49 (1.73, 3.16) 0.363

(Continued)
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Table 2 (Continued).
Total (N=479) Non-MARCE (n=291) | MARCE (n=188) P-value

CONUT 3(2,5) 3(1,4) 4.5 (3, 6) <0.001
Echocardiographic and angiographic data
LVEF (%) 48 (40, 58) 50 (42, 60.08) 45 (38, 53) <0.001
Multivessel disease 0.039
No 275 (57.41%) 178 (61.17%) 97 (51.6%)
Yes 204 (42.59%) 113 (38.83%) 91 (48.4%)
LAD stenosis 250% 0.281
No 88 (18.37%) 49 (16.84%) 39 (20.74%)
Yes 391 (81.63%) 242 (83.16%) 149 (79.26%)
LCX stenosis 250% 0.038
No 175 (36.53%) 117 (40.21%) 58 (30.85%)
Yes 304 (63.47%) 174 (59.79%) 130 (69.15%)
RCA stenosis 250% 0.224
No 132 (27.56%) 86 (29.55%) 46 (24.47%)
Yes 347 (72.44%) 205 (70.45%) 142 (75.53%)
Medical therapy
DAPT 0.943
No 4 (0.84%) 3 (1.03%) | (0.53%)
Yes 475 (99.16%) 288 (98.97%) 187 (99.47%)
Beta-blockers <0.001
No 232 (48.43%) 116 (39.86%) 116 (61.7%)
Yes 247 (51.57%) 175 (60.14%) 72 (38.3%)
ACEI/ARB 0.036
No 325 (67.85%) 187 (64.26%) 138 (73.4%)
Yes 154 (32.15%) 104 (35.74%) 50 (26.6%)
Diuretics 0.852
No 265 (55.32%) 160 (54.98%) 105 (55.85%)
Yes 214 (44.68%) 131 (45.02%) 83 (44.15%)
Statins <0.001
No 45 (9.39%) 4 (1.37%) 41 (21.81%)
Yes 434 (90.61%) 287 (98.63%) 147 (78.19%)
SGLT2i 0.564
No 418 (87.27%) 256 (87.97%) 162 (86.17%)
Yes 61 (12.73%) 35 (12.03%) 26 (13.83%)
GRACE score 135 (119.5, 153) 130 (115, 142) 149.5 (134, 162.25) <0.001

Abbreviations: MARCE, major adverse renal and cardiovascular event; CKD, chronic kidney disease; BMI, body mass index; ACS, acute coronary syndrome; NSTE-ACS, non—
ST-segment elevation acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction; M|, myocardial infarction; PCI, percutaneous coronary intervention; CABG,
coronary artery bypass graft; WBC, white blood cell; SlI, systemic immune-inflammation index; CRP, c-reactive protein; TC, total cholesterol; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol level; LDL-C, low-density lipoprotein cholesterol level; CONUT, controlling nutritional status; LVEF, left ventricular eject fraction; LAD, left
anterior descending coronary; LCX, left circumflex artery; RCA, right coronary artery; DAPT, dual antiplatelet therapy; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin |l receptor blocker; SGLT2i, Sodium-glucose cotransporter-2 inhibitor; GRACE, Global Registry of Acute Coronary Events;

discriminative, indicating that the model could be extrapolated to a certain extent. The calibration curve showed that the predicted
probabilities of the model were close to the actually observed probabilities, demonstrating a certain degree of consistency
(Figure 6B). Decision curve analysis indicated a broad range of threshold probabilities for predicting MARCE in patients
(Figure 6C), suggesting that using this nomogram for MARCE prediction would provide greater clinical benefit than standard

treatment-none or treat-all approaches.

Discussion
In this study, we have developed a nomogram aimed at accurately predicting the risk of MARCE in patients diagnosed
with ACS and CKD. Based on univariable and multivariable analyses, this nomogram had the following six predictors:
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Table 3 Univariable and Multivariable Cox Regression Analyses for MARCE in the

Training Set
Univariable P-value | Multivariable P-value
HR [95% CI] HR [95% CI]

Age 1.041 [1.025, 1.057] <0.001 1.050 [1.030, 1.071] | <0.00I
Male 0.814 [0.595, 1.113] | 0.197 - -
BMI 0.965 [0.921, 1.012] | 0.141 - -
Heart rate 1.012 [1.005, 1.02] 0.001 1.000 [0.991, 1.010] | 0.945
ACS presentation

NSTE-ACS Ref - -

STEMI 1.069 [0.788, 1.449] | 0.669 - -
Killip class

| Ref Ref

1l 1.576 [1.088, 2.284] | 0.016 1.097 [0.727, 1.656] | 0.659

1] 1.937 [1.155, 3.248] | 0.012 1.105 [0.631, 1.936] | 0.726

v 3.364 [2.338, 4.841] <0.001 1.127 [0.693, 1.832] | 0.631
Hypertension 1.065 [0.753, 1.508] 0.721 - -
Diabetes mellitus 1.280 [0.958, 1.708] | 0.095 1.265 [0.906, 1.767] | 0.168
Dyslipidemia 0.806 [0.605, 1.074] | 0.141 - -
Current smoker 0.986 [0.73, 1.331] 0.927 - -
Previous Ml 0.802 [0.353, 1.822] | 0.598 - -
Previous PCI 0.886 [0.503, 1.562] | 0.676 - -
Previous CABG 1.806 [0.576, 5.661] | 0.311 - -
Hemoglobin 0.992 [0.987, 0.997] | 0.003 1.000 [0.992, 1.008] | 0.963
NI 3.494 [2.597, 4.699] <0.001 2.015 [1.424, 2.851] | <0.001
CRP 1.001 [0.999, 1.003] 0.445 - -
Creatinine 1.084 [0.993, 1.183] 0.070 1.011 [0.884, 1.157] | 0.870
TG | [0.999, 1.001] 0.613 - -
HDL-C | [0.996, 1.005] 0.950 - -
LDL-C 0.952 [0.836, 1.083] 0.450 - -
CONUT 1.326 [1.246, 1.411] <0.001 1.169 [1.071, 1.275] | <0.001
LVEF 0.972 [0.96, 0.985] <0.001 0.983 [0.968, 0.998] | 0.031
Multivessel disease 1.4 [1.051, 1.867] 0.022 1.081 [0.714, 1.637] | 0.712
LAD stenosis 250% | 1.031 [0.723, 1.47] 0.866 - -
LCX stenosis 250% | 1.46 [1.069, 1.993] 0.017 1.477 [0.942, 2.317] | 0.089
RCA stenosis 250% | 1.232 [0.883, 1.72] 0.219 - -
DAPT 1.422 [0.199, 10.158] | 0.726 - -
Beta-blockers 0.463 [0.344, 0.622] <0.001 0.699 [0.494, 0.987] | 0.042
ACEI/ARB 0.671 [0.484, 0.93] 0.016 0.847 [0.591, 1.213] | 0.365
Diuretics 0.895 [0.671, 1.194] | 0.452 - -
Statins 0.092 [0.064, 0.133] <0.001 0.180 [0.107, 0.303] | <0.001
SGLT2i 1.19 [0.786, 1.802] 0.42 - -

Abbreviations: MARCE, major adverse renal and cardiovascular event; BMI, body mass index; ACS, acute
coronary syndrome; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; STEMI, ST-segment
elevation myocardial infarction; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG,
coronary artery bypass graft; Sll, systemic immune-inflammation index; CRP, c-reactive protein; TG, trigly-
ceride; HDL-C, high-density lipoprotein cholesterol level; LDL-C, low-density lipoprotein cholesterol level;
CONUT, controlling nutritional status; LVEF, left ventricular eject fraction; LAD, left anterior descending
coronary; LCX, left circumflex artery; RCA, right coronary artery; DAPT, dual antiplatelet therapy; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; SGLT2i, Sodium-glucose
cotransporter-2 inhibitor.

age, SII, CONUT score, LVEF, use of beta-blockers, and use of statins. The prediction model of MARCE risk
demonstrated good discrimination and calibration ability. To the best of our knowledge, this nomogram represents the
inaugural clinical prediction model specifically designed to forecast the risk of MARCE in patients with concurrent ACS
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Figure 2 Nomogram for predicting the risk of MARCE in patients with ACS and CKD.
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Figure 3 ROC curve for the nomogram predicting MARCE in patients with ACS and CKD. (A) Training set and (B) Validation set.

and CKD. Notably, in our study, the CONUT score and SII were included in the prediction model for predicting
MARCE.

The primary treatment for ACS is typically PCL>'" However, studies have shown limited benefits of invasive
treatment for patients with CKD, as they often experience a high incidence of postoperative cardiovascular and renal
events.”®>% To address this, stratification models have been established to identify patients at high risk of MARCE and
implement early interventions following PCI to reduce such events and preserve kidney function.’

Effective risk stratification models have been previously developed, but their clinical application is limited for
patients with CKD.*'® The classic risk score, GRACE, has been in use for decades but may not accurately predict
outcomes in patients with CKD.'? These models were developed in populations without advanced CKD and incorporated
serum creatinine and cardiac markers, which could be elevated in patients with renal function impairment.'
Consequently, the prognostic impact of these variables may be diminished among patients with CKD, leading to an
underestimation of major events.'> Additionally, previous models focused only on cardiovascular events and did not
account for kidney endpoints, making them less accurate in predicting the cardiovascular and renal events that occur in
patients with ACS and CKD.
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ACS is triggered by the rupture of atherosclerotic plaques, which is caused by a chronic inflammatory response.’’

Patients with CKD have higher inflammatory burden and incidence of malnutrition.'”**** Malnutrition and inflammation
may interact to contribute to the development of atherosclerosis, which can worsen as renal function declines.'®!'” In
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Figure 5 Decision curve analysis demonstrating the clinical usefulness of the nomogram in predicting MARCE in the training set (A) and validation set (B).

recent years, the interaction between inflammation, malnutrition, and atherosclerosis has been termed the malnutrition—
inflammation—atherosclerosis syndrome, which is strongly associated with death, adverse cardiovascular events, and
deterioration of renal function.'” "

The CONUT score, initially devised as a screening instrument for malnutrition, incorporates serum albumin level,
total cholesterol level, and total blood lymphocyte count as its key components.”’ Recent research endeavors have
unveiled a significant correlation between the CONUT score and both mortality and cardiovascular events among
individuals afflicted with cardiovascular diseases, as well as those with kidney diseases.?>***%?5 Reportedly, high
CONUT scores are associated with worsening renal function.>>*® Serum albumin levels reflect both systemic inflamma-
tion and nutritional status,>” while a decline in lymphocyte count may result from acute stress or gradual depletion of
bodily reserves.”® Total cholesterol levels are correlated with metabolism, antioxidant reserve, and inflammatory
response.””*? Considering these factors, the CONUT score could be a powerful predictor to predict MARCE in patients
with ACS and CKD.
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Table 4 Comparisons of the Risk Scores for Predicting MARCE

Time Risk Training Set Validation Set
Scores AUC (95% Cl) | NRI (95% Cl) | IDI (95% Cl) | AUC (95% Cl) | NRI (95% Cl) | IDI (95% CI)
6 GRACE 0.675 (0.611, p=ref p=ref 0.743 (0.643, p=ref p=ref
months | score 0.739) p=ref 0.843) p=ref
Nomogram | 0.933 (0.894, 0.669 (0.406, 0.341 (0.218, 0.889 (0.812, 0.376 (0.006, 0.159 (0.04,
0.973) p<0.001 0.779) p<0.001 0.442) p<0.001 0.966) p=0.02 0.657) p=0.04 0.308) p<0.001
12 GRACE 0.674 (0.615, p=ref p=ref 0.773 (0.681, p=ref p=ref
months | score 0.734) p=ref 0.865) p=ref
Nomogram | 0.918 (0.879, 0.625 (0.372, 0.313 (0.203, 0.886 (0.819, 0.315 (-0.012, 0.162 (0.041,
0.958) p<0.001 | 0.740) p<0.001 | 0.414) p<0.001 | 0.954) p=0.029 | 0.597) p=0.06 0.297) p<0.001
24 GRACE 0.676 (0.618, p=ref p=ref 0.681 (0.583, p=ref p=ref
months | score 0.734) p=ref 0.780) p=ref
Nomogram | 0.832 (0.784, 0.397 (0.213, 0.228 (0.129, 0.793 (0.693, 0.224 (-0.013, 0.152 (0.04,
0.880) p<0.001 0.530) p<0.001 0.312) p<0.001 0.894) p=0.015 0.505) p=0.073 0.282) p<0.001

Abbreviations: MARCE, major adverse renal and cardiovascular event; AUC, area under the ROC curve; NRI, net reclassification improvement; IDI, integrated
discrimination improvement; GRACE score, Global Registry of Acute Coronary Events score.

Table 5 Sensitivity Analysis in the Whole Cohort

Subgroup No. of AUC [95% CI]
Patients
6 Months 12 Months 24 Months

Age

>75 years 280 0.871 [0.804, 0.939] 0.842 [0.776, 0.908] 0.777 [0.707, 0.848]

<75 years 405 0.96 [0.926, 0.995] 0.962 [0.929, 0.994] 0.84 [0.775, 0.906]
Sex

Male 513 0.938 [0.906, 0.970] 0.934 [0.905, 0.964] 0.841 [0.790, 0.891]

Female 172 0.915 [0.847, 0.984] 0.875 [0.796, 0.954] 0.791 [0.70, 0.882]
Diabetes

Yes 271 0.913 [0.849, 0.978] 0.915 [0.856, 0.974] 0.767 [0.685, 0.849]

No 414 0.933 [0.898, 0.968] 0.914 [0.874, 0.954] 0.872 [0.824, 0.919]
Hypertension

Yes 531 0.913 [0.870, 0.956] 0.905 [0.862, 0.948] 0.804 [0.75, 0.859]

No 154 0.986 [0.969, I] 0.948 [0.883, I] 0.885 [0.814, 0.955]
Type of ACS

STEMI 437 0.93 [0.893, 0.967] 0.907 [0.867, 0.948] 0.873 [0.83, 0.917]

NSTE-ACS 248 0.912 [0.791, I] 0.925 [0.816, I] 0.703 [0.592, 81.4]
eGFR

<30 mL/min/1.73m2 182 0.863 [0.826, 0.899] 0.857 [0.823, 0.891] 0.751 [0.716, 0.787]

230 mL/min/1.73m2 503 0.944 [0.928, 0.96] 0.929 [0.913, 0.945] 0.854 [0.834, 0.883]

Abbreviations: ACS, acute coronary syndrome; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; STEMI, ST-segment
elevation myocardial infarction; Cl, confidence interval; AUC, area under the receiver operating characteristic curve; eGFR, estimated
glomerular filtration rate.

SII is an inflammatory index introduced in recent years that comprehensively reflects the inflammation and immune
system status of patients.”> In the study by Zhu, SII was identified as a valid predictor for cardiovascular events among
patients with STEMI, which is consistent with our research.”® An elevated level of SII has been found to be associated
with increased mortality in patients with CKD;*"**> however, its predictive value for risk stratification has not been
validated. From a pathophysiological perspective, neutrophils play a mediating role in renal tubular injury and induce
atherosclerotic plaque rupture and thrombosis.**** As inflammation and immune response increase, platelets tend to
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Figure 6 External validation of ROC curve (A), calibration curve (B), and decision curve analysis (C).

increase and adhere to the surface of the endothelial cells, leading to local ischemia, hypoxia, and microthrombosis.*>*®

Studies have validated that platelet count is a strong predictor of death, reinfarction, kidney injury, and stroke.*’*3

Several studies have included age as a predictor to estimate mortality and cardiovascular events in patients with
ACS.*'° LVEF is another widely accepted indicator that serves to mirror the deterioration of both cardiac and renal
function, and it has been shown to predict adverse outcomes in both cardiovascular and kidney diseases.”'%** As an
optimal medication recommended by cardiovascular guidelines,'' the use of beta-blockers was found to be a protective
factor against MARCE in patients with CKD.?® Furthermore, beta-blockers have been found to decrease renal oxygen
consumption and increase renal plasma flow, which can prevent worsening renal function.’ 152 Moreover, statins exhibit
protective effects in both patients with CKD and cardiovascular diseases.’*>* Despite the protective effects demonstrated
by beta-blockers and statins, patients with ACS and CKD are less likely to receive these evidence-based therapies,*>"+>>
which suggests that the administration of these drugs could predict a favorable prognosis. In recent years, emerging
cardiorenal biomarkers have been found to play a key role in the diagnosis and prognosis of cardiorenal syndrome.'* It is
necessary to apply these novel cardiorenal markers to patients with ACS and CKD in the future.

Nevertheless, our study has some limitations. First, the dataset used to develop the model was obtained from a single
center, and the sample size was moderate. Second, although the model was internally validated, further multi-center

studies, particularly those involving other ethnic groups, are necessary to strengthen the credibility and clinical
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applicability of the results. Thirdly, the retrospective design of the study may introduce biases pertaining to data
acquisition and patient selection. Last, the exclusion of patients with hematologic or rheumatic immune system diseases
made the etiology of CKD patients incomplete, although the etiology of CKD could be an important implication.

Conclusion

In this study, we developed a nomogram that incorporated the CONUT score and SII, which demonstrated high accuracy
and clinical utility in predicting MARCE at 6, 12, and 24 months. The risk stratification provided by this nomogram
could facilitate the identification of modifiable variables for interventions that could benefit patients with ACS and CKD.
Nonetheless, external validations of this model are warranted before its widespread clinical application.
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