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Background: Thrombolysis in Myocardial Infarction (TIMI) risk score in patients with ST-segment elevation
myocardial infarction (STEMI) is associated with major adverse cardiovascular events (MACE). This study aimed
to develop a prediction model based on the TIMI risk score for MACE in STEMI patients after percutaneous
coronary intervention (PCI).

Methods: We conducted a retrospective data analysis on 290 acute STEMI patients admitted to the Affiliated
Hospital of Yangzhou University from January 2022 to June 2023 and met the inclusion criteria. The primary
endpoint was the occurrence of MACE. Multivariate logistic regression was used to identify independent pre-
dictors that could predict the likelihood of MACE, and R software was utilized to construct and validate the
prediction model.

Results: Systemic immune-inflammation index (SII), lipoprotein(a) [Lp(a)], and TIMI risk score were identified as
independent risk factors for MACE in STEMI patients (p < 0.05). A nomogram was constructed based on these
factors. The area under the receiver operating characteristic curve values for the training and validation sets were
0.883 (95 % CI: 0.836-0.930) and 0.841 (95 % CI: 0.756-0.925), respectively. The calibration curves displayed a
high consistency between prediction and observation in the training and validation sets. Additionally, decision
curve analysis (DCA) demonstrated the clinical usefulness of the nomogram.

Conclusions: SII, Lp(a), and TIMI risk score are independent risk factors for MACE within one year in STEMI
patients after PCI. Incorporating SII and Lp(a) into the TIMI risk score enhances the predictive value for adverse
outcomes, thereby supporting healthcare professionals in clinical decision-making.

1. Introduction coronary intervention (PCI) is the preferred treatment strategy for

STEMI patients, as it can open the acute blocked coronary arteries and

Atherosclerotic cardiovascular disease (ASCVD) is a chronic meta-
bolic disease characterized by chronic inflammation and lipid meta-
bolism disorders [1,2]. As a fatal critical condition within ASCVD, acute
ST-segment elevation myocardial infarction (STEMI) can be complicated
by major adverse cardiovascular events (MACE), such as heart failure,
cardiogenic shock, malignant arrhythmias, mechanical complications,
and death, which are closely related to patient prognosis. Percutaneous

save ischemic cardiomyocytes. Although the treatment of STEMI pa-
tients has made great progress, the mortality remains high [3]. There-
fore, early assessment and prediction of MACE incidence are crucial for
improving patient prognosis [4].

The ST-elevation Thrombolysis in Myocardial Infarction (TIMI) risk
score is an integer score derived from 8 differentially weighted in-
dicators ascertained upon admission. TIMI risk score indicators (and
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their associated point value) are age (2 points: 65-74 years, 3 points: 75
years and older), history of angina, diabetes, or hypertension (1 point),
admission systolic blood pressure <100 mm Hg (3 points), admission
heart rate >100 beat/min (2 points), admission Killip class II to IV (2
points), admission weight <67 kg (1 point), anterior infarction or left
bundle-branch block (1 point), and time to reperfusion therapy >4 h
among patients who received reperfusion therapy (1 point). Previous
studies have shown that the TIMI risk score has a predictive value for the
occurrence of MACE in STEMI patients [5]. However, the TIMI risk score
excludes biomarkers reflecting inflammation and lipid metabolism, and
its predictive efficacy remains controversial compared to other
commonly used scores.

Recent studies on inflammation-related hematological markers as an
indirect reflection of systemic inflammation reveal the significant as-
sociation between the systemic immune-inflammation index (SII,
platelet count x neutrophil count/lymphocyte count) and the prognosis
of certain cardiovascular diseases [6,7]. SII was closely linked with
increased cardiovascular mortality in the general population [8].
Moreover, a higher SII was significantly associated with an increased
risk of cardiovascular diseases [9]. Lipoprotein(a)[Lp(a)] is a complex of
apolipoprotein(a) and low-density lipoprotein, which is a strong inde-
pendent cardiovascular risk factor [10], and its levels are closely related
to the occurrence and development of coronary heart disease and
myocardial infarction.

This study aims to incorporate SII and Lp(a) into the TIMI risk score
to improve the predictive value of the TIMI risk score for MACE in
STEMI patients, providing a reference for early identification, treatment
plan optimization, and prognosis improvement of high-risk STEMI
patients.

2. Methods
2.1. Study design and participants

Fig. 1 shows the flow diagram of our study. This study retrospec-
tively analyzed 290 patients diagnosed with STEMI from the Cardiology
Department of the Affiliated Hospital of Yangzhou University from
January 2022 to June 2023. The inclusion criteria were as follows: (1)
age > 18 years; (2) symptoms of chest pain >30 min in the 24 h prior to
admission; (3) ECG indicates ST-segment elevation and/or abnormal Q
wave in two or more adjacent leads and new left bundle branch block;
(4) serum myocardial markers cardiac troponin T (cTnT) and/or
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creatinine kinase-myocardial band isoenzyme (CK-MB) are positive
within 24 h of the onset of chest pain symptoms; (5) received stan-
dardized treatment according to relevant clinical guidelines and un-
derwent PCI within 12 h. The exclusion criteria were: (1) incomplete
data; (2) presence of other serious heart diseases such as valvular heart
disease, infectious endocarditis, or cardiomyopathy; (3) acute infectious
diseases within the previous 3 months; (4) renal insufficiency (GFR<30
mL/min); (5) chronic inflammatory diseases, including hematologic
disorders, tumors, and rheumatic immune system diseases; (6) history of
glucocorticoid use; (7) previously undergone PCIL; (8) pregnancy or
breastfeeding. Finally, 290 patients met the inclusion criteria and were
included in the study.

2.2. Clinical data collection and collation

Clinical basic information on patients was obtained through the
hospital’s electronic medical record system, and laboratory test data was
collected through the clinical examination system. The clinical infor-
mation specifically included gender, age, height, weight, body mass
index (BMI), medical history, in-hospital conditions, laboratory tests,
echocardiography, the occurrence of MACE within one year of onset,
and the calculation of the patient’s TIMI risk score. Laboratory tests
were conducted immediately upon admission or the following morning
with fasting peripheral venous blood samples being taken, and echo-
cardiography results were completed and recorded within two days of
admission. The outcome events of this study included the occurrence of
MACE within one year of onset, including cardiac death, cardiogenic
shock, arrhythmias (including ventricular tachycardia /ventricular
fibrillation, atrial fibrillation), cardiac arrest, cardiac rupture, and
bleeding events.

2.3. Sample size evaluation and statistical analysis

A sample size of at least 34 cases (17 MACE and 17 non-MACE) was
required in the training and validation sets according to the following
hypothesis: power, 90 %; two-sided significance level, 0.05; alternative
hypothesis of the area under the curve (AUC), 0.8 compared with the
null hypothesis of the AUC, 0.5, and the allocation of the positive group
was equal to that of negative group. Therefore, the sample size of 203
cases (78 MACE and 125 non-MACE) in the training set and 87 cases (37
MACE and 50 non-MACE) in the validation set were sufficient to detect
an AUC difference of 0.5 with 90 % power if the true AUC was >0.8.

345 STEMI patients referred to the Affiliated Hospital of
Yangzhou University from January 2022 to June 2023

>

55 patients were excluded:

1.Incomplete data(n=35)

2.Presence of other serious heart diseases(n=8)
3.Diagnosed infectious diseases(n=7)

4.Severe liver and kidney dysfunction(n=5)

A4

| 290 patients were included |

.

| Training set(n=203) |

l MACE(n=78) H Non-MACE(n=125)|

'

| Validation set(n=87) |

| MACE(n=37) || Non-MACE(n=50) |

Fig. 1. Study flow diagram.
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Statistical analyses were performed using PASS (version 2021). Conse-
quently, patients were randomly divided into a training set (203 cases,
used to build the model) and a validation set (87 cases, used for internal
model validation) in a ratio of 7:3.

Statistical analyses of the study results were carried out using R 4.3.1
and SPSS 26.0 software. The normal distribution of continuous variables
was expressed as mean =+ standard deviation (‘x + s), and comparisons
between two groups were conducted using an independent sample t-test.
The skewed distribution of continuous variables was expressed as me-
dian (25th percentile, 75th percentile) and was analyzed by the Man-
n-Whitney U test. Categorical variables were expressed as frequencies
(%), and two groups were compared using the ¥2 test or Fisher’s exact
test. Univariate and multivariate logistic regression models were used to
analyze the influencing factors of MACE. A predictive model was con-
structed based on the results of multivariate logistic regression, and a
nomogram for individualized prediction of MACE risk was drawn using
the “rms” package. In both the training and validation sets, the area
under the receiver operating characteristic (ROC) curve, calibration
curves, and decision curve analysis (DCA) were used to evaluate the
discrimination, calibration, and clinical utility of the nomogram.
DeLong’s test was used for comparisons between ROC curves, and the
maximum Youden index (Youden index = sensitivity + specificity — 1)
was employed to determine the optimal positive cutoff value. P-value <
0.05 was considered statistically significant.

3. Results
3.1. Baseline patient characteristics

According to the inclusion and exclusion criteria, 290 STEMI patients
were included in this study, with 203 forming the training set and 87
forming the validation set. The training set consisted of 167 patients
(82.3 % males), and the median TIMI score was 4. Among the set, 78
(38.4 %) patients experienced MACE. Similarly, in the validation set,
there were 74 (85.1 %) male patients, 37 (42.5 %) of whom experienced
MACE, and the median TIMI score was 5. The past medical history and
in-hospital conditions are shown in Table 1. Statistical analysis of
baseline data revealed no significant differences between the training
and validation sets (p > 0.05) (Table 1).

3.2. Clinical characteristics

In the training set, there were 78 cases in the MACE group and 125
cases in the non-MACE group. The age, Killip classification, WBC, NEUT,
hs-CRP, Lp(a), SII, and TIMI scores of the MACE group were significantly

Table 1
Baseline Patient Characteristics.

Characteristics Training Set Validation Set P-value
(N = 203) (N = 87)

Sex, N(%) 0.682

Male 167(82.3) 74(85.1)

Female 36(17.7) 13(14.9)

Age, years 63.0(53.0-72.0) 63.0(53.0-73.0) 0.960

BMI, kg/m2 24.7 £ 3.32 24.2 £+ 3.61 0.238

Medical history

Hypertension, N(%) 126(62.1) 57(65.5) 0.671

Diabetes, N(%) 69(34.0) 21(24.1) 0.128

Cerebral infarction, N(%) 19(9.36) 3(3.45) 0.134

In-hospital conditions

SBP, mmHg 127(112-146) 125(117-138) 0.447

DBP, mmHg 79.0(71.0-90.0) 80.0(73.0-88.0) 0.763

Heart rate, bpm 78.0(68.0-88.5) 80.0(69.5-89.0) 0.224

LVEF (%) 62.0(55.0-65.0) 60.0(55.0-63.0) 0.063

Killip class > 2, N(%) 46(22.7) 22(25.3) 0.739

TIMI 4.0(3.0-6.0) 5.0(3.0-6.0) 0.416

MACE, N(%) 78(38.4) 37(42.5) 0.600
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higher than those of the non-MACE group, while LVEF, LYMPH, and Hb
were significantly lower (p < 0.05). In the validation set, there were 37
cases in the MACE group and 50 cases in the non-MACE group. Similarly,
the age, systolic blood pressure, WBC, NEUT, creatinine, hs-CRP, Lp(a),
SII, and TIMI scores of the MACE group were significantly higher than
those of the non-MACE group, while LVEF and TG were significantly
lower (p < 0.05). These findings consistently underscore the distinct
clinical and biochemical profile of the MACE group compared to the
non-MACE group (Table 2).

3.3. Independent predictors of MACE

After excluding WBC, NEUT, and LYMPH according to collinearity,
the remaining indicators were included in univariate and multivariate
logistic regression analyses, and the occurrence of MACE was considered
the dependent variable. The results of univariate logistic regression
analysis showed that age, Killip classification, hs-CRP, LVEF, Hb, Lp(a),
SII, and TIMI score were significantly associated with MACE (p < 0.05).
Multivariate logistic regression analysis demonstrated that SII, Lp(a),
and TIMI score were independent risk factors for MACE in STEMI pa-
tients (p < 0.05) (Table 3).

3.4. Predictive nomogram development

Based on the results of the multivariate logistic regression analysis,
SII, Lp(a), and TIMI scores were utilized to construct anomogram, which
provided an individualized prediction of the risk of MACE in STEMI
patients. Each of these independent predictors was projected upward to
the value of the “points” at the top level of the nomogram to obtain a
score within the range of 0 to 100. The scores for all variables were then
summed to obtain the total score, and a vertical line was projected
downward from that value on the “total points” row to the “risk” row to
indicate the risk of MACE. The total score of the nomogram ranged from
32 to 70 points, corresponding to a 10 % to 90 % risk of MACE in STEMI
patients. Therefore, the nomogram can predict MACE for individual
patients based on their medical condition (Fig. 2).

3.5. Validation of the nomogram

The AUC of the nomogram was 0.883 (95 % CI: 0.836-0.930), with
the maximum Youden index being 0.640. This resulted in the optimal
cut-off value for the nomogram at 37.1 %. At this cut-off value, the
prediction accuracy of the nomogram was the best, with a diagnostic
sensitivity of 80.8 % and a specificity of 83.2 %. Furthermore, it is
noteworthy that the AUC of the model for predicting MACE was
significantly higher than that of the TIMI score (0.883 vs. 0.797, p <
0.05) (Fig. 3a). Internal validation using the validation set showed an
AUC of 0.841 (95 % CI: 0.756-0.925) for the nomogram. These findings
indicated that the nomogram had good discriminative ability and
distinction in both the training and validation sets. Furthermore, there
was no statistically significant difference in the predictive performance
between the training and validation sets (0.883 vs. 0.841, p > 0.05)
(Fig. 3b).

The calibration curve was plotted to evaluate the calibration of the
model after 1000 bootstrap resamples. For the training set, the Brier
score of the calibration curve was 0.135, while the Brier score was 0.156
in the validation cohort, indicating that the model’s calibration was
satisfactory in both groups. Specifically, the predicted probability of
MACE occurrence in STEMI patients is highly consistent with the actual
occurrence probability. Overall, the calibration of this nomogram is
strong (Fig. 4).

Using high-risk threshold probabilities as the horizontal axis and
clinical net benefit as the vertical axis, DCA was plotted. The net benefit
threshold probability intervals in the training and validation sets were
3-1 % and 4-100 %, which suggested that when the risk probability of
MACE in STEMI patients fell within the net benefit threshold probability
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Table 2
Clinical Characteristics in the training and validation set.
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ariables Training Set (n = 203) Validation Set (n = 87)
MACE Non-MACE P value MACE Non-MACE P value
(n=178) (n=125) (n =37) (n =50)
Age, years 65.4 +13.7 61.5 +11.6 0.036 68.6 + 14.1 58.7 +£13.3 0.001
Male 63(80.8) 104(83.2) 0.801 30(81.1) 44(88.0) 0.555
BMLI, kg/m? 24.6 £ 3.70 24.8(3.07) 0.652 23.6 + 3.92 24.6 + 3.34 0.197
SBP, mmHg 125(114-146) 128(112-146) 0.473 126(122-142) 122(111-130) 0.049
DBP, mmHg 78.0(68.2-89.8) 80.0(72.0-90.0) 0.374 80.0(74.0-90.0) 79.5(72.2-86.0) 0.478
Heart rate, bpm 78.5(69.0-88.2) 77.0(68.0-88.0) 0.289 83.8(18.2) 79.5(14.1) 0.240
Hypertension 53(67.9) 73(58.4) 0.224 24(64.9) 33(66.0) 1.000
Diabetes 26(33.3) 43(34.4) 0.997 8(21.6) 13(26.0) 0.827
Cerebral infarction 9(11.5) 10(8.00) 0.552 3(8.11) 0(0.00) 0.073
LVEF (%) 60.0(49.2-64.0) 63.0(57.0-66.0) 0.005 58.0(48.0-62.0) 61.0(57.2-63.0) 0.046
Killip class > 2 26(33.3) 20(16.0) 0.007 13(35.1) 9(18.0) 0.117
WBC, x10™9/L 10.9(8.85-12.4) 9.00(7.61-10.7) <0.001 11.2(9.71-12.0) 8.86(8.05-10.7) 0.001
NEUT,x10"9/L 8.63(6.82-10.3) 6.78(5.24-8.00) <0.001 8.85(7.62-10.0) 6.62(5.70-7.80) <0.001
LYMPH, x10"9/L 1.36(0.97-1.69) 1.57(1.27-1.94) 0.001 1.52(1.24-1.82) 1.67(1.29-2.50) 0.089
Hb, g/L 134(117-150) 143(132-152) 0.002 142(114-149) 148(133-156) 0.059
PLT,x10°9/L 222(176-280) 216(175-247) 0.130 203(180-234) 220(196-251) 0.226
hs-CRP, mg/L 5.24(2.31-26.3) 2.69(0.82-6.66) 0.001 5.10(2.21-14.9) 1.74(0.84-5.64) 0.010
Glu, mmol/L 7.53(6.32-11.4) 8.04(6.37-10.5) 0.575 8.07(6.32-10.2) 8.55(6.67-10.4) 0.628
Cr, pmol/L 77.6(64.7-100) 72.0(58.2-83.2) 0.010 88.4(73.2-103) 72.8(58.6-87.1) 0.001
UA, mmol/L 350(288-422) 347(287-406) 0.763 388(95.2) 359(99.5) 0.174
TC, mmol/L 4.43(3.79-5.24) 4.42(3.69-4.95) 0.471 4.43(1.30) 4.52(0.99) 0.734
TG, mmol/L 1.32(1.02-1.83) 1.57(1.08-2.21) 0.082 1.22(0.85-1.86) 1.65(1.15-2.49) 0.018
HDL, mmol/L 1.07(0.86-1.21) 1.02(0.86-1.19) 0.433 0.98(0.25) 1.01(0.25) 0.571
LDL, mmol/L 2.84 £0.87 2.74 £ 0.84 0.426 2.70 £ 1.00 2.58 + 0.80 0.554
Lp(a), mg/L 241(101-397) 97.2(46.7-208) <0.001 190(131-295) 101(46.5-208) 0.001
hsTnT, pg/ml 8475.9(3576.1-26673) 8056.7(3005.0-22604.5) 0.130 10135.5(3215.6-26673.0) 7732.4(910.37-25609.5) 0.379
NT-proBNP, pg/ml 3479.1(553.7-22546.5) 1368.0(160.9-17355.5) 0.101 3500(1941.5-25822) 2122.3(658.6-24998.0) 0.095
SII 1397(1100-1844) 905(587-1192) <0.001 1236(902-1702) 822(672-953) <0.001
TIMI 6.0(5.0-7.0) 3.0(2.0-5.0) <0.001 6.0(5.0-7.0) 4.0(2.0-5.0) <0.001
Table 3
Univariate and multivariate logistic regression analysis of the result of MACE incidence in the training set.
Variable Univariate Logistic Regression Multivariate Logistic Regression
OR 95 %CI P value OR 95 %CI P value
Age 1.026 1.002-1.050 0.031 0.981 0.947-1.017 0.302
LVEF 0.950 0.918-0.984 0.004 0.963 0.919-1.009 0.112
Killip class > 2 2.625 1.342-5.135 0.005 1.866 0.733-4.753 0.191
Hb 0.980 0.966-0.995 0.009 1.008 0.988-1.028 0.445
hs-CRP 1.012 1.001-1.022 0.026 1.000 0.989-1.012 0.949
Lp(a) 1.002 1.000-1.003 0.008 1.002 1.001-1.004 0.003
SII 1.002 1.001-1.002 <0.001 1.002 1.001-1.002 <0.001
TIMI 1.771 1.481-2.119 <0.001 1.997 1.530-2.607 <0.001

interval, the clinical net benefit level of using this nomogram is
remarkably better than the “no intervention” and “full intervention”
treatment strategies. Therefore, the wide range of alternative threshold
probability intervals indicated decent clinical utility of this nomogram
(Fig. 5).

4. Discussion

STEMI is a critical cardiovascular emergency with high mortality
rates both in-hospital and out-of-hospital, imposing a serious burden on
families and society. Over the past few decades, the in-hospital mortality
rate of STEMI has significantly decreased. This improvement is mainly
attributed to the widespread use of early PCI, the establishment of
coronary care units, and advances in modern medicine [11-13]. Despite
these advancements, STEMI still exhibits a high mortality rate, and the
survival rates remain suboptimal [14]. Current statistics indicate that
the one-year mortality rate for STEMI patients is as high as 10 % [15].
The prevention and treatment of complications related to STEMI pa-
tients remain key focus areas in the cardiovascular field. With the advent
of precision medicine strategies, gaining a comprehensive understand-
ing of the likelihood of cardiovascular events in patients is essential for
optimizing treatment strategies. The scoring items of the TIMI risk score

are based on easily accessible in-hospital data, allowing for quick
completion after admission, which are simple to calculate and widely
used in extremely high-risk cardiovascular diseases like STEMI [16,17].
Additionally, the TIMI risk score can accurately predict short-term and
long-term mortality, as well as the incidence of MACE in acute coronary
syndrome (ACS) patients [17]. Consequently, this study aims to
construct a clinical prediction model based on the TIMI risk score.
Inflammation and platelet activation are critical in the onset and
prognosis of STEMI. ASCVD is a chronic inflammatory condition in
which inflammatory responses permeate the entire pathological process
of atherosclerosis, from fatty streak formation to plaque rupture during
STEMI onset [18]. Moderate inflammatory responses are essential for
the repair of damaged myocardial tissue, whereas excessive inflamma-
tory responses can accelerate apoptosis and necrosis of myocardial cells
[19]. Inflammatory cells play a crucial role in this process. Specifically,
leukocytes and their subtypes are widely applied as inflammatory
markers to predict cardiovascular outcomes in patients with myocardial
infarction. Neutrophils play a critical role in the immune-inflammatory
response leading to atherosclerosis, and their concentration is closely
related to the incidence of adverse cardiac events [20]. Studies have
shown that lymphocytes have pro-atherosclerotic and anti-
atherosclerotic protective effects [21]° As a result, lymphopenia is



Y. Gu et al. 1JC Heart & Vasculature 56 (2025) 101599

0 10 20 30 40 50 60 70 80 90 100
Points f * t t * t : 1 —— 1 i * i 1 + — —
sl s , . : . : ; : e : : T

0 500| 1000 |1500 2000 2500 3000 | 3500 4000 4500 5000 5500 6000 6500
Lpa ; T T T T T T T T T 1

0 400 | 800 1200 1600 2000
TIMI I — —

0 1 2 3 4 5 6 7 8 9 10 11 12
Total Points I A LA =T = T A T T T T |

0 20 40 60 80 100 120 140 160 180

02 0406 08
risk i TR S S '
0.1 0.3 0.5 0.7 0.9

Fig. 2. Nomogram used for predicting MACE in STEMI patients. The final score (total points) is calculated as the sum of the individual scores of each of the three
variables included in the nomogram. Abbreviations: SII, Systemic immune-inflammation index; Lp(a), Lipoprotein-a; TIMI, Thrombolysis in Myocardial Infarction.
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Fig. 3. (A) ROC curves of the nomogram and TIMI score for predicting the risk of MACE in STEMI patients; (B) ROC curves of the training set and validation set for
predicting the risk of MACE in STEMI patients. Abbreviations: AUC, the area under the ROC curve; ROC, receiver operating characteristic.

considered a risk factor for cardiovascular events to some extent.
Additionally, platelets are not only involved in acute thrombotic
vascular occlusion but also in chronic inflammation present in the early
vascular wall, which may contribute to the instability of late-stage
atherosclerotic lesions [22]. Consequently, SII is one of the new in-
flammatory markers that combine platelets with other inflammatory
indicators. Research has indicated that elevated levels of SII are inde-
pendently linked to cardiovascular incidents after STEMI [23].
Furthermore, SII serves as a more effective predictor of serious car-
diovascular events compared to conventional indicators [24] and has
shown identified application value in both acute and chronic cardio-
vascular diseases. Dziedzic et al. [25] reported that SII levels were
higher in patients with ACS than in those with stable coronary artery
disease. Additionally, compared to patients with single-vessel disease,
those with multivessel disease had higher SII levels. This study
concluded the linear relationship of SII with the severity of ACS. A recent

survey conducted by Ozan Tezen et al. [26] examined the relationship
between contrast-induced nephropathy (CIN) development and SII in
non-ST-segment elevation myocardial infarction patients, which
confirmed that high SII levels were associated with an increased risk of
CIN. SII is involved in various aspects of the development of coronary
artery disease. In heart failure (HF), SII has predictive value for both the
occurrence and prognosis of HF. A retrospective study involving 4606
patients with congestive heart failure (CHF) found that high SII levels in
CHF patients were associated with higher short-term mortality and the
occurrence of MACE [27]. Mert ilker Hayiroglu et al.’s study further
confirmed that SII may be an independent predictive marker for long-
term mortality and appropriate implantable cardioverter defibrillator
therapy in patients with heart failure with reduced ejection fraction
[28]. In the future, SII is expected to play a role in evaluating drug ef-
ficacy and guiding individualized treatment strategies.

Lp[a] is a low-density lipoprotein (LDL) cholesterol-like particle that
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binds to apolipoprotein(a) [29], functioning as a pathogenic lipoprotein
in the body [30]. Its concentration is largely determined by genetics and
shows significant variation among different populations [31]. The
oxidized LDL-C (oxLDL-C) component of Lp(a) has multiple pro-
atherosclerotic effects, including vascular smooth muscle cell prolifer-
ation and foam cell formation [32,33]. Furthermore, some studies have
shown that Lp(a) promotes platelet activation and aggregation and the
progression of vulnerable plaques, ultimately leading to athero-
thrombotic events [34,35]. In particular, the predictive value of plasma
Lp(a) levels, independent of other lipoproteins (such as LDL-C), has
attracted considerable attention from researchers in recent years [36].
Many studies have indicated that higher plasma concentrations of Lp(a)
are associated with an increased risk of myocardial infarction [37,38].

Currently, several risk scores are available for assessing the prognosis
of ACS patients, including TIMI risk score, GRACE risk score, SYNTAX
score, and Intermountain Risk Score (IMRS). The TIMI risk score is
straightforward, easy to use, and allows for rapid risk assessment, which
has been widely validated and applied in clinical practice. However, it
eliminates key prognostic indicators, such as inflammatory status and
metabolic conditions. The GRACE score has broad applicability and can
be used for various types of acute coronary syndromes, including STEMI

and Non-ST-Elevation Acute Coronary Syndrome. Nevertheless, it is
relatively complex to calculate and involves tests like blood creatinine
and myocardial enzymes, which may delay the acquisition of results
[39]. Compared to the first two scores, the IMRS predicts mortality risk
by incorporating routine biochemistry and complete blood count data
with the patient’s age and sex. Previous studies demonstrate that the
predictive value of the IMRS for overall mortality in patients with STEMI
is comparable to the first two scores [40], and it also has prognostic
significance for both short- and long-term mortality in patients with
cardiogenic shock [41]. The SYNTAX score mainly evaluates factors
such as the number, type, location, and length of coronary artery lesions,
reflecting the complexity of coronary artery disease and closely corre-
lating with patient prognosis [42]. Each of these scores shows collin-
earity and has a distinct focus. These scores have been paired with others
in several studies to increase predictive efficacy [43,44]. It is anticipated
that future studies will further improve their forecast accuracy by
combining these scores to capitalize on their advantages and minimize
their disadvantages.

This study enhanced the predictive value for the occurrence of MACE
in patients with acute myocardial infarction by incorporating SII and Lp
(a) into the TIMI score to construct a clinical prediction model. This
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approach allows for a more effective assessment of STEMI patients’
condition and enables prompt treatment adjustment, thereby guiding
improvements in prognosis. Our analysis found that SII, Lp(a), and TIMI
scores are independent risk factors for MACE. Based on these findings, a
nomogram predicting the risk of MACE in STEMI patients was success-
fully constructed. The nomogram can quantify the scores of various
factors in the regression model, thereby enabling individualized pre-
diction of the risk of target events in different patients [45]. The AUC
values in the two sets were 0.883 (95 % CI: 0.836-0.930) and 0.841 (95
% CI: 0.756-0.925), sensitivity was 80.8 % and 73.0 %, specificity was
83.2 % and 82.0 %, respectively. These results indicate that the pre-
diction model has high clinical application value, in which case it can
perform risk analysis for each patient individually, rather than broadly
categorizing patients into risk groups. Additionally, the data required to
construct the nomogram are simple and easily accessible, without the
need for complex calculations, and the model offers high accuracy.
Clinicians can take targeted measures to reduce the incidence of mor-
tality in STEMI patients.

In conclusion, SII, Lp(a), and TIMI risk score are independent risk
factors for the occurrence of MACE within one year in STEMI patients.
Both SIT and Lp(a) have significant predictive value for MACE within this
period. By incorporating these two factors into the TIMI risk score, the
predictive value for adverse prognosis can be improved.

Limitations

(1) This study of 290 clinical cases is retrospective and single-center,
which has a small sample size. Such limitations may lead to certain se-
lection biases and confounding factors, making it challenging to ensure
that the study subjects fully represent the general population. Therefore,
the research results still need to be confirmed by large-scale, multicenter
prospective studies. (2) The model was only internally validated, which
means it lacked external validation with prospective and multicenter
samples. As a result, the extrapolation and stability of the model are
unknown. (3) This study did not conduct a dynamic analysis of the SII
and Lp(a) levels of the study subjects, only evaluating clinical indicators
at the time of admission. Future research needs to incorporate dynamic
monitoring.
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