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Aim: Inflammatory response is closely associated with poor prognosis in elderly patients with acute myocardial infarction (AMI). The
aim of this study was to develop an easy-to-use predictive model based on medical history data at admission, systemic immune
inflammatory index (SII), and systemic inflammatory response index (SIRI) to predict the risk of in-hospital mortality in elderly
patients with AMI.

Methods: We enrolled 1550 elderly AMI patients (aged >60 years) with complete medical history data and randomized them 5:5 to
the training and validation cohorts. Univariate and multivariate logistic regression analyses were used to screen risk factors associated
with outcome events (in-hospital death) and to establish a nomogram. The discrimination, calibration, and clinical application value of
nomogram were evaluated based on receiver operating characteristic (ROC) curve, calibration curve, and decision curve analysis
(DCA), respectively.

Results: The results of multivariate logistic regression showed that age, body mass index (BMI), previous stroke, diabetes, SII, and
SIRI were associated with in-hospital death, and these indicators will be included in the final prediction model, which can be obtained
by asking the patient’s medical history and blood routine examination in the early stage of admission and can improve the utilization
rate of the prediction model. The areas under the ROC curve for the training and validation cohorts nomogram were 0.824 (95% CI
0.796 to 0.851) and 0.809 (95% CI 0.780 to 0.836), respectively. Calibration curves and DCA showed that nomogram could better
predict the risk of in-hospital mortality in elderly patients with AMI.

Conclusion: The nomogram constructed by combining SII, SIRI, and partial medical history data (age, BMI, previous stroke, and
diabetes) at admission has a good predictive effect on the risk of in-hospital death in elderly patients with AMI.
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Introduction
Acute myocardial infarction (AMI) is one of the common subtypes of coronary heart disease and has been of great
concern because of its high mortality and morbidity." Mortality within 12 months in patients with AMI is approximately
10%,> and the risk of death during hospitalization is about 4%~12%.* Data from provincial, municipal, and county-level
hospitals in China from 2013 to 2014 indicate in-hospital mortality rates for AMI patients of 3.1%, 5.3%, and 10.2%,
respectively.” Importantly, the risk of death in patients with AMI increases significantly with age, with about 8§0% of in-
hospital death in patients with AMI occurring in the elderly population.®’ Early identification of the risk of in-hospital
mortality in elderly patients with AMI may significantly improve their short-term prognosis.

Atherosclerosis is described as a continuous, dynamic, and inflammatory process in blood vessels.® Neutrophils,
monocytes, platelets, and lymphocytes all play important roles in causing plaque rupture, which may involve complex
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interactions between innate and adaptive immunity.” '* Studies have shown that SIT and SIRI are superior to traditional
risk factors in predicting future adverse cardiovascular events in AMI patients.>'* In addition, several studies have
demonstrated that novel inflammatory markers, such as NLR, PLR, and SII, are strongly associated with the risk of in-
hospital mortality in elderly AMI patients.'>'® SIT and SIRI have advantages over NLR and PLR because they include
more indicators associated with cardiovascular disease outcomes, and the cumulative effects of interactions among three
different blood cells synergistically increase the predictive power for cardiovascular disease outcomes.'”

The GRACE risk score is currently a valid tool for risk stratification during hospitalization in patients with unstable
angina (UA) and non-ST-segment elevation myocardial infarction (N STEMI),*° but this score does not include inflam-
mation-related indexes. Considering the excellent performance of SII and SIRI in predicting adverse outcomes in AMI

8.14.18 e wanted to construct an easy-to-use predictive model based on patient medical history data at admission

patients,
and novel inflammatory indexes (SII and SIRI) to predict the risk of death during hospitalization in elderly patients

with AML

Methods

Data Source and Definition

We consecutively collected a total of 1550 elderly patients with complete data who were hospitalized due to AMI in the
Second Hospital of Dalian Medical University from December 2015 to December 2021. Since this study did not involve
any intervention on patients, the informed consent of patients could be exempted and has been approved by the ethics
committee of the Second Hospital of Dalian Medical University (2023—181). This study complied with the ethical
requirements of the declaration of Helsinki. Inclusion criteria: 1. Patients aged >60 years and diagnosed with AMI at
admission.”'** Exclusion criteria: 1. Patients with incomplete medical history in electronic medical record system; 2.
Patients receiving continuous treatment for hematologic diseases or with severe uncontrolled systemic infection; 3. The
expected survival time was less than 6 months; 4. Patients with severe coronary artery disease, requiring coronary-artery-
bypass-grafting (CABG) or having previously undergone CABG less than half a year.

Data Collection and Outcome

Demographic and clinical data were collected, including age, gender, BMI, past medical history (stroke, hypertension,
and diabetes), type of myocardial infarction (NSTEMI or STEMI), blood routine, lipid, and in-hospital medication.
Blood routine test results were generally obtained within 2 hours after admission. SII is defined as neutrophil count x
platelet count/lymphocyte count. SIRI was defined as neutrophil count X monocyte count/lymphocyte count. Outcome
events were defined as all-cause death that occurred while the patient was hospitalized.

Statistical Analysis

Continuous variables were described as mean + standard deviation if they conformed to normal distribution. Otherwise,
Median (IQR) was used for description. Categorical variables were described as frequencies or percentages. Differences
between groups were compared by #-test if continuous variables followed a normal distribution; nonparametric tests were
used if a normal distribution was not met. Chi-square test was used for comparison between groups for categorical
variables. SPSS 23.0, MedCalc 15.0, Stata 15, and R 4.2.1 were used for statistical analysis.

Using the method of random sampling, the patients were randomly divided into the training group and the validation
group at the ratio of 5 : 5, and the baseline characteristics of the two groups were compared. SII and SIRI were analyzed
based on ROC curves, and the optimal cutoff values for SII and SIRI were used as criteria for their conversion to
dichotomous variables. Logistic regression model was used to evaluate the association between included variables and
outcome events. Variables with P < 0.05 in the multivariate logistic regression were used to construct the final prediction
model. Collinearity analysis was performed on the final included variables to identify whether there was collinearity
between the variables.

The discrimination of the predictive model was firstly evaluated by the ROC curve, then the calibration of the
predictive model was evaluated using H-L (Hosmer—Lemeshow) test, and the results were visualized by the calibration
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curve. Finally, the clinical application value of the predictive model was evaluated by decision curve analysis (DCA). P <
0.05 was considered statistically significant.

Results

Sample Characteristics

Patients were randomly assigned to the training cohort (n = 765) and validation cohort (n = 785) in a ratio of 5 to 5. There
was no significant statistical difference in the incidence of outcome events between the training (n = 61, 8.0%) and
validation (n = 71, 9.0%) cohorts (P = 0.45). In addition, there were no significant statistical differences in gender, age,
BMI, SII, SIRI, and the number of patients with diabetes and previous stroke between the training and validation cohorts
(P > 0.05), as detailed in Table 1.

Table | Basic Characteristics of Enrolling Patients

Variables Total Study Population Training Cohort Validation Cohort P value
N=1,550 N=765 N=785
Male, n(%) 926(59.7) 459(60.0) 467(59.5) 0.407
BMI(kg/m?) 24.97 + 348 25.09 + 3.40 24.90 + 3.57 0.288
BMI = 28(kg/m?), n(%) 274(17.7) 129(16.9) 145(18.5) 0.407
Age(years) 73.10 + 857 73.08 + 8.65 73.12 £ 8.50 0915
Age 2 75(years), n(%) 653(42.1) 320(41.8) 333(42.4) 0.814
Diabetes, n(%) 671(43.3) 335(43.8) 336(42.8) 0.695
Previous stroke, n(%) 125(8.1) 57(7.5) 68(8.7) 0.381
Hypertension, n(%) 1079(69.6) 539(70.5) 540(68.8) 0.475
In-hospital death, n(%) 132(8.5) 61(8.0) 71(9.0) 0.450
Type of AMI 0.746
NSTEMI, n(%) 1102(71.1) 541(70.7) 561(71.5)
STEMI, n(%) 448(28.9) 224(29.3) 224(28.5)
Blood routine examination
WBC(10%/L) 7.50(5.93,9.36) 7.57(6.03,9.28) 7.44(5.84,9.39) 0.435
Neutrophils(10°/L) 5.18(3.93,7.04) 5.19(4.01,6.99) 5.13(3.85,7.05) 0.561
Lymphocytes(10°/L) 1.40(1.05,1.87) 1.41(1.05,1.88) 1.38(1.04,1.83) 0.215
Monocyte(10°/L) 0.47(0.34,0.58) 0.46(0.35,0.58) 0.47(0.34,0.58) 0.952
PLT(10%/L) 205(170,244) 203(170,244) 205(170,244) 0.660
Hb(g/L) 130(116,142) 131(118,142) 128(114,141) 0.113
N 731.17(468.66,1202.85) 745.04(468.54,1183.11) 722.89(469.22,1257.71) 0.783
SIRI 1.66(0.97,3.07) 1.66(1.01,2.94) 1.66(0.95,3.31) 0.792
Lipid parameters
Triglycerides(mmol/L) 1.31(0.96,1.83) 1.30(0.97,1.82) 1.32(0.95,1.85) 0.953
Total cholesterol(mmol/L) 4.36(3.64,5.20) 4.34(3.63,5.14) 4.38(3.66,5.25) 0.405
LDL-C(mmol/L) 2.41(1.85,3.04) 2.38(1.84,3.03) 2.44(1.87,3.05) 0.524
HDL-C(mmol/L) 1.04(0.90,1.21) 1.03(0.91,1.21) 1.02(0.88,1.21) 0.435
NHDL-C(mmol/L) 3.29(2.61,4.09) 3.25(2.56,4.05) 3.31(2.63,4.15) 0.380
In-hospital medication
Aspirin, n(%) 1437(92.7) 708(92.5) 729(92.9) 0.845
Statins, n(%) 1512(97.5) 745(97.4) 767(97.7) 0.744
B-blockers, n(%) 896(57.8) 437(57.1) 459(58.5) 0.607

Notes: SIl = (Neutrophils x PLT) / Lymphocytes; SIRI = (Neutrophils X Monocyte) / Lymphocytes.
Abbreviations: BMI, body mass index; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST segment elevation myocardial infarction;
WBC, white blood cell; PLT, platelet; Hb, hemoglobin; SlI, systemic immune inflammation index; SIRI, system inflammation response index; LDL-C, low-
density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; NHDL-C, non-high-density lipoprotein-cholesterol.
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Factors Associated with in-Hospital Mortality in the Training Cohort

Before performing logistic regression analysis, we firstly converted age and BMI into dichotomous variables according to
whether the patient ‘s age was >75 years and BMI was >28 kg/m>.** Subsequently, we determined the optimal cutoff
values of SII and SIRI by ROC curve analysis, and converted SII (<1043.42 vs >1043.42) and SIRI (<2.32 vs >2.32) into
categorical variables according to their optimal cutoff values, and the results of ROC curve analysis are shown in
Supplementary Figure 1. Converting the above variables into categorical variables can not only facilitate the use of the

prediction model but also avoid collinearity between variables to a certain extent.

In order to construct a predictive model that could quickly assess the risk of in-hospital mortality at the beginning of
a patient ‘s admission and was easy to use, we performed univariate logistic regression analysis of factors that made it possible
to obtain patients quickly and easily at admission, including age, gender, BMI, hypertension, diabetes, previous stroke, SII,
and SIRI. Subsequently, we included factors with P < 0.1 in univariate logistic regression analysis into multivariate logistic
regression, and the results showed that age (>75 years), BMI (>28 kg/m?), diabetes, previous stroke, SII (>1043.42), and SIRI
(>2.32) were associated with the risk of in-hospital death in elderly AMI patients, as detailed in Table 2.

Finally, we performed a collinearity analysis of variables included in the final model, which showed that all variables
had tolerance >0.2 and VIF (variance inflation factor) <10, indicating that there was no collinearity between the included
variables, as detailed in Supplementary Table 1.

Nomogram Development and Validation
Based on the results of multivariate logistic regression analysis, we constructed an easy-to-use nomogram using variables
available at admission (age, BMI, and medical history) and systemic inflammatory markers (SII and SIRI) to predict the risk of

Table 2 Univariable and Multivariable Logistic Regression Analysis in the Training Cohort

Variables Univariate Analysis Multivariate Analysis
OR 95% CI P value OR 95% CI P value

Age(years)

<75 Reference Reference

>75 4.387 2.432-7917 <0.001 3.655 1.968-6.786 | <0.001
Sex

Female Reference Reference

Male 0.769 0.455-1.301 0.328 / / /
BMiI(kg/m?)

<28 Reference Reference

>28 0.154 0.037-0.639 0.010 0.163 0.038-0.703 0.015
Hypertension

No Reference Reference

Yes 0.921 0.523-1.621 0.775 / / /
Diabetes

No Reference Reference

Yes 1.686 0.996-2.855 0.052 1.816 1.026-3.216 0.041
Previous stroke

No Reference Reference

Yes 2.365 1.100-5.088 0.028 2.790 1.187-6.558 0.019
Sl

<1043.42 Reference Reference

>1043.42 4.406 2.558-7.588 <0.001 1.975 1.018-3.832 0.044
SIRI

<2.32 Reference Reference

>2.32 6.882 3.761-12.595 <0.001 3.948 1.910-8.158 | <0.001

Abbreviations: BMI, body mass index; Sll, systemic immune inflammation index; SIRI, system inflammation response index; OR,
odd ratio; Cl, confidence interval.
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death during hospitalization in elderly patients with AMI (Figure 1). We evaluated the predictive power of nomogram by ROC
curves and showed that the AUC of nomogram was 0.824 (95% CI 0.796 to 0.851) and 0.809 (95% CI 0.780 to 0.836) in the
training and validation cohorts, respectively. We also analyzed the AUC of the model that was not included in the systemic
inflammatory markers (SII and SIRI), and the results showed that when SII and SIRI were included, the AUC of nomogram
was significantly improved and the predictive power was significantly increased, as detailed in Figure 2. The calibration curve

also revealed good agreement between the nomogram ‘s predictions and the actual outcomes, as detailed in Figure 3.

Clinical Application Value

The results of the decision curve analysis (DCA) for the training and validation cohorts nomogram were presented in
Figure 4. We found that the nomogram with the systemic inflammatory index (SII and SIRI) had a significantly higher net
benefit compared to model 1 without the systemic inflammatory index. The results of DCA showed that within a certain
threshold probability range, using this prediction model to assess the in-hospital mortality risk of elderly patients with
AMI might help to improve their short-term prognosis.
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Figure | A nomogram predicting the risk of in-hospital mortality in elderly patients with AMI.
Abbreviations: AMI, acute myocardial infarction; Sll, systemic immune inflammation index; SIRI, system inflammation response index.
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Discussion
In this study, we performed a retrospective analysis of data from 1550 elderly patients with AMI. The results of

multivariate logistic regression analysis showed that age, BMI, diabetes, previous stroke, SII, and SIRI were associated
with the risk of in-hospital death in elderly AMI patients. We combined these variables together by nomogram to
construct a predictive model. Results showed an area under the ROC curve of 0.824 (95% CI 0.796 to 0.851) and 0.809
(95% CI 0.780 to 0.836) for the training and validation cohorts, respectively. The results of calibration curve and DCA

show that the model has good consistency and clinical application value.
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Age, diabetes, and previous stroke are extremely closely related to the risk of in-hospital mortality in AMI patients.
The risk of death increases significantly with age in patients with AMIL® Most elderly patients with AMI often have
comorbid conditions, such as hypertension, diabetes, and hyperlipidemia, which increase the risk of in-hospital mortality
in elderly patients with AMI. Notably, senescent cells in older adults contribute to the production of pro-inflammatory
factors, collectively referred to as the senescence-related secretory phenotype.®* In addition, with aging, the immune
system degrades misfolded proteins and organelles less efficiently and senescent cells accumulate, thereby causing

systemic inflammation,'*

which may be one of the reasons for the increased risk of in-hospital death in elderly AMI.
Almost two-thirds of AMI patients have diabetes or impaired glucose tolerance.”® When AMI patients have diabetes,
their risk of death is twice that of AMI patients without diabetes.?® Previous studies have suggested that the risk of excess
mortality may increase with age in patients with diabetes.?’ Surgical risk and mortality risk are also significantly
increased in AMI patients with poor glycemic control or long duration of diabetes at admission. Prosser et al found
that fatal or non-fatal cardiac events occur in approximately 19% of patients within the first trimester of ischemic
stroke.”® Stroke-induced damage to the central nervous system may alter the balance of sympathetic and parasympathetic
tone, and the most serious consequence of this change is a significant increase in the risk of sudden death, especially in
the elderly population.?*" In our study, age, diabetes, and previous stroke were all positively associated with the risk of
in-hospital mortality in elderly AMI patients. Interestingly, our findings suggest that obesity (BMI > 28) is a protective
factor for the risk of in-hospital mortality in older patients with AMI, which has also been reported in previous studies
and is called the “obesity paradox”.** Previous studies have suggested that the “obesity paradox” may be related to the

33.34 as well as

protective effects of excessive body fat, additional muscle strength, and metabolic reserve in acute stress,
to aggressive clinical management programs in overweight patients.>>

Previous studies have shown that multiple immune cells and pro-inflammatory factors are associated with plaque
instability in patients with acute coronary syndrome (ACS).”>'>*® Neutrophils, monocytes, and platelets are inextricably
linked to the development of atherosclerosis.'> Activation of neutrophils releases highly reactive oxygen species to kill
pathogens, and the extracellular traps (NETs) they form can also help eliminate pathogens, but at the same time they can
also damage the vessel wall and promote thrombosis and coagulation processes.>’*® It is worth noting that neutrophils
can aggravate and maintain a chronic inflammatory environment in the later stages of atherosclerosis.**** Monocytes, as
one of the leukocyte subtypes, are also closely associated with atherosclerosis progression, and their secretion of pro-
inflammatory cytokines, proteolytic enzymes, and reactive oxygen species can promote atherosclerosis progression.*'***
These substances can also cause atherosclerotic dysfunction and lead to plaque instability.'®° Platelets adhere to the
vessel wall to promote plaque formation, and upon activation release inflammatory mediators that enrich the inflamma-
tory environment.*> Lymphocytes, unlike these pro-inflammatory cells, are thought to have anti-atherosclerotic effects
and tend to be associated with worse cardiovascular outcomes when lymphocyte counts are low.***> Neutrophils,

monocytes, platelets, and lymphocytes are all directly or indirectly involved in the process of atherosclerosis, which
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provides a pathophysiological rationale for the link between SII and SIRI and coronary artery disease (CAD). Yang et al®
found that SII was associated with future major adverse cardiovascular events (MACEs) in CAD patients undergoing

1'* came to the same conclusion and also found that SIRI was most

percutaneous coronary intervention (PCI). Li et a
strongly associated with later MACEs in CAD patients undergoing PCI compared to other markers of systemic
inflammation (NLR, PLR, MLR, and SII). These findings suggest that SII and SIRI are strongly associated with future
cardiovascular events in CAD patients. To our knowledge, only one study'® has reported an association between SII and
risk of in-hospital mortality in elderly patients with AMI treated with PCI, and another study, although reporting SII as
a predictor of length of hospital stay in ACS patients, did not investigate the association between SII and risk of in-
hospital mortality.46 In our study, we found that both SII and SIRI were associated with the risk of all-cause mortality
during hospitalization in elderly AMI patients, and SIRI showed a stronger association with outcome events than SII,
which may be due to different mechanisms of platelets and monocytes in plaque instability. Interestingly, no association
was found between SII and the future occurrence of coronary heart disease (CHD) or myocardial infarction in healthy

4748 suggesting that SII or SIRI may only be associated with cardiovascular outcome events when the body is in

people,
a state of enhanced systemic or local inflammation and chronic low-grade inflammation, but this hypothesis needs to be
confirmed by larger cohort studies in the future.

The factors included in our predictive model are very easy to obtain. Except for SII and SIRI, which need to be
obtained through laboratory tests, all other indicators can be obtained by inquiring about the patient’s medical history and
physical examination, which makes the use of the predictive model more convenient. Before conducting more complex
and accurate clinical examinations, the risk of death during hospitalization can be quickly and roughly evaluated. It is
worth mentioning that some factors related to PCI are closely associated to the risk of death and death during
hospitalization in AMI patients, such as the type of stent, the experience of the operator, and PCl-related
complications.**® Our constructed predictive model performed well in our data, but PCl-related factors were not
included, and its predictive power still needs to be tested on a larger cohort. However, our research also has some
limitations: 1. This study is a single-center retrospective study with a small sample size and may require large-scale,
multicenter studies for validation in the future; 2. Our prediction model lacks external validation and has not been
compared with other classic prediction models (such as the GRACE risk score); 3. Failure to obtain the outcome status of
patients who did not die during hospitalization within 30 days after discharge; 4. We excluded patients who died just after
admission (and also those who died on the way to admission) as well as those who had difficulty obtaining their accurate
BMI data during hospitalization, so our results and conclusions may not apply to such patients.

Conclusion

We constructed a nomogram to predict the risk of in-hospital mortality in elderly patients with AMI, in which the
predictors were age, BMI, presence of diabetes, previous stroke, SII, and SIRI, and these medical history data were easily
available. Our data suggest that this nomogram shows good discrimination and clinical availability and can help
clinicians quickly and roughly assess the risk of in-hospital mortality in such patients and improve their short-term
prognosis.
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