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This article aim is to assess the association between the aggregate index of systemic inflammation 
(AISI) and long-term outcomes of coronary artery disease (CAD) patients after percutaneous coronary 
intervention (PCI). 3482 patients are divided into the higher group (AISI ≥ 366) and the lower group 
(AISI < 366) according to cut-off value of AISI. The mean follow-up time was 37.59 ± 22.24 months. 
The primary endpoint includes all-cause mortality (ACM) and cardiac mortality (CM) and secondary 
endpoints include major adverse cardiovascular events (MACEs) and major adverse cardiovascular and 
cerebrovascular events (MACCEs). The results show that there are statistically significant differences 
in primary endpoint incidence. The incidence of ACM is 6.6% in higher group and 2.6% in lower group 
(P < 0.001) while the incidence of CM is 4.1% in higher group and 1.7% in lower group (P < 0.001). Cox 
regression analysis shows that the risk of ACM was increased to 2.298 times (HR = 2.298, 95% CI: 1.595–
3.310, P < 0.001) and the risk of CM was increased to 2.160 times (HR = 2.160, 95% CI: 1.358–3.436, 
P = 0.001) in the higher group. Therefore, AISI is an independent predictor for CAD patients after PCI.
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Coronary artery disease (CAD) is a heart disease that atherosclerosis causes the narrowing or occlusion of the 
lumen of the coronary arteries and leads to myocardial ischemia or necrosis, which is one of the leading causes 
of death in chronic diseases throughout the world. It has been the leading cause of death from chronic diseases 
worldwide1.With the development of cardiac catheterization technique, percutaneous coronary intervention 
(PCI) has been an effective treatment for coronary artery disease2,3.

However, cardiovascular adverse events can still occur in some patients undergoing PCI4. Therefore, it is 
particularly important to analyze the prediction of long-term adverse outcomes in patients with CAD after PCI. 
Recently, increasing evidence has recently suggested that inflammation plays an important role in the prognosis 
of cardiovascular disease5.

The aggregate index of systemic inflammation (AISI), calculated as neutrophils (NEU) multiplied by platelets 
(PLT) and monocytes (MONO) divided by lymphocytes (LYM), serves as a marker for evaluating the overall 
inflammatory condition using whole blood cells6, which is an easily accessible metric. It has been widely used 
to predict the outcome of various diseases, such as idiopathic pulmonary fibrosis7 hypertension8, subarachnoid 
hemorrhage9, age-related macular degeneration10 and COVID-1911. AISI is not the same as acute-phase proteins 
like CRP or cytokines like IL-6, yet it shows equal or improved predictive performance in various settings by 
integrating simple CBC-based measures. This is in line with the larger clinical practice trends that prioritize 
cost-effective and easily accessible indices, such as NLR, PLR, and SIRI, which have shown a strong correlation 
with traditional inflammatory biomarkers.

Since there are only a few studies indicating a relationship between AISI and cardiovascular disease, we 
conducted a study with a larger sample size to investigate the link between AISI and clinical outcomes in CAD 
patients who underwent PCI.
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Methods
Clinical data and demographic characteristics collection
This was a large, single-center, retrospective cohort study (CORFCHD-ZZ, identifier: ChiCTR1800019699), 
3561 CAD patients (including Chronic Coronary Syndrome and Acute Coronary Syndrome) who performed 
PCI procedures and hospitalized at the First Affiliated Hospital of Zhengzhou University from 2013 to 2017 were 
collected. We collected these patients’ clinical and demographic characteristics data, including sex, age, history 
of smoking and drinking history of hypertension and diabetes, and family history of CAD through the inpatient 
records at the First Affiliated Hospital of Zhengzhou University.

Blood samples were collected from patients for laboratory tests, and they were directed to fast for a minimum 
of 12 h beforehand and then blood parameters were measured using a standard method following the central 
laboratory guidelines of the First Affiliated Hospital of Zhengzhou University. The data included plasma and 
biochemical parameters, such as the levels of neutrophil count (NEU), platelet count (PLT), monocyte count 
(MONO), lymphocyte count (LYM), creatinine (Cr), triglycerides (TG), total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), uric acid (UA).

We also obtained the angiographic results data from patients, including lesion extent, lesion stenosis, lesion 
location, stent implantation site and number, preoperative TIMI grading, etc. We collected these data from 
cardiac catheterization operating rooms at the First Affiliated Hospital of Zhengzhou University.

Inclusion and exclusion criteria
Inclusion criteria of this study were as follows: (1) Age: older than 18 years old and younger than 80 years old; 
(2) Patients met the diagnostic criteria for coronary heart disease and PCI treatment: (a) at least one clinical 
phenotype of coronary artery disease -- chronic coronary syndrome or acute coronary syndrome; (b)at least one 
coronary artery with ≥ 50% stenosis confirmed by coronary angiography; (c) an objective test with evidence of 
myocardial ischemia -- positive plate test; fractional flow reserve(FFR) < 0.8; optical coherence tomography or 
intravenous ultrasound suggestive of unstable plaque.

Exclusion criteria of this study were as follows: (1) Patients were excluded because baseline data for NEU, 
PLT, MONO, or LYM was missing. (2) younger than 18 years of age or older than 80 years of age; (3) combined 
with severe comorbidities: such as valvular heart disease; pulmonary heart disease; congenital heart disease; 
hyperthyroidism, anemia or hyperdynamic heart disease; hypertrophic obstructive cardiomyopathy; hepatic 
insufficiency (defined as alanine aminotransferase or total bilirubin levels more than three times above the 
normal maximum); renal insufficiency (defined as serum creatinine levels more than 1.5 times above the normal 
upper limit); disorders - such as various types of anemia, lymphoma, leukemia and other diseases; (4) Patients 
with known autoimmune diseases (such as systemic lupus erythematosus, rheumatoid arthritis, vasculitis, etc.); 
(5) Patients with acute or chronic infections within 2 weeks prior to admission (including respiratory, urinary, 
or systemic infections), or receiving antibiotics or immunosuppressive therapy; (6) Any history of malignancy 
or ongoing anti-tumor treatment. The flow chart was shown in Fig. 1.

Follow-up and endpoints
Patients were separated into two groups according to AISI and followed up after PCI by telephone. The mean 
follow-up was 37.59 ± 22.24 months and the range for follow-up was from 15 to 50 months. Patients’ compliance 
with drugs and adverse events were carefully assessed by well-trained clinical physicians during follow-up. 
The primary endpoint of follow-up was long-term mortality, including all-cause mortality (ACM) and cardiac 
mortality (CM). The secondary endpoints of follow-up were major adverse cardiovascular events (MACEs) and 
the composite of major adverse cardiovascular and cerebrovascular events (MACCEs). MACEs were defined as 
readmission, heart failure, cardiac death and bleeding events. MACCEs were defined as MACEs combined with 
stroke.

Statistical analysis
To justify our sample size, we performed power analyses use PASS (15.0.5). All data were analyzed using SPSS 
software (version 26.0; SPSS). ROC curves were utilized to determine the cut-off value of the AISI. The AISI was 
divided into two groups according to AISI cut-off value. Continuous variables are expressed as the mean ± standard 
deviation (normally distributed) and the median and interquartile range (not normally distributed). Data 
between two groups were compared using t-tests (for data complying with a normal distribution) or Mann–
Whitney U-tests (for data complying with an abnormal distribution). Categorical variables are expressed as 
frequencies and percentages. They were compared using the Chi-Square test. The Kaplan-Meier method and 
the log-rank test were used to estimate the cumulative incidence of long-term adverse outcomes. Univariate 
Cox Regression Analysis models were used to assess the independent predictive value of the AISI for long-term 
adverse outcomes. We performed multivariable regression analyses, adjusting for clinically relevant covariates 
such as age, sex, comorbidities (e.g., hypertension, diabetes. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) were calculated to estimate the association between AISI and outcomes. P < 0.05 was considered statistically 
significant.

Results
Power and sample size calculation
To justify our samples, we used the Test for Two Survival Curves with Cox’s Proportional Hazards Model, setting 
the power at 0.99, and found that 317 patients were estimated for this study. We enrolled 3482 patients, which 
can be regarded as reliable and persuasive.
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Patient characteristics
Patient characteristics are summarized, there are 3482 patients were enrolled into this trial. Among these patients, 
68.90% were male, the mean age of patients enrolled into this study was 63.27 ± 10.59. Comorbid diagnosis of 
hypertension was present in 2399(68.90%) patients, while 825(23.96%) were suffering from diabetes mellitus; 
1062(30.50%) patients had a history of smoking, 561(16.11%) had a history of drinking. We also collected Cr, 
UA, TG, TC, HDL-C, LDL-C data.

ROC curve analysis
As shown in Fig. 2, ROC analysis indicated the prediction outcome value of the AISI in CAD after PCI patients 
with an AUC 0.606 [P < 0.001, 95% CI(0.556–0.656)] The cut-off values of AISI is 366 evaluated by receiver 
operating characteristic (ROC) curve, so the patients (n = 3482) with CAD after PCI were divided into two 
groups according to AISI cut-off value. The lower group was AISI < 366 (n = 2483) and the higher group was 
AISI ≥ 366 (n = 898).

Demographic and clinical characteristics of lower group and higher group
In the analysis, we found that there were significant differences in age, sex, Cr, UA, LDL-C, smoking and drinking 
history (all P < 0.05) between these two groups, however, the following variables were not significantly different 
between these two groups: TC, TG, HDL-C, hypertension and diabetes (all P ≥ 0.05) (Shown in Table 1).

The incidence of endpoint events
As shown in Table 2, for the primary end point, the incidences of ACM (0.03% versus 0.07%, P < 0.001) and CM 
(0.02% versus 0.04%, P < 0.001) were significantly different among the two groups, but for the secondary end 
points, we found that there were no significant differences between these two groups in the incidence of MACEs 
(11.0% versus 12.3%, P = 0.135) and MACCEs (14.2% versus 16.2%, P = 0.082).

Furthermore, as shown in Figs.  3 and 4, the Kaplan-Meier analyses showed that an elevated AISI was 
significantly related to long-term ACM (log-rank, P < 0.001) and CM (log-rank, P < 0.001).

Multivariate Cox proportional hazards regression models were conducted to evaluate the correlation between 
the AISI and outcomes; the models were adjusted for confounding factors, including age, sex, smoking and 
drinking history, Cr, UA, LDL-C. The results suggested that, compared with the patients in the lower group, the 
risk of ACM was increased to 2.298 times (95% CI: 1.595–3.310, P < 0.001) in the higher group, while the risk 
of CM was increased to 2.160 times (95% CI: 1.358–3.436, P = 0.001) in the higher group. Therefore, long-term 
ACM and CM will increase with AISI increases. In addition, the confounding variables related to long-term 
ACM and CM are displayed in Tables 3 and 4. Besides, we also included forest plots of the Cox proportional 

Fig. 1.  The flowchart of patient’s enrollment.
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hazards regression analyses for all-cause mortality (Supplement Fig.  1) and cardiac mortality (Supplement 
Fig. 2) to make the data visualized.

Discussion
Coronary artery disease (CAD), is a common disease worldwide, and the most effective treatment method is 
percutaneous coronary intervention (PCI). Therefore, it is very important to explore noninvasive biomarker to 
predict outcome of CAD after PCI, the application of noninvasive biomarker not only enhances the diagnostic 
accuracy of coronary heart disease but also provides a basis for personalized treatment, thereby improving long-
term patient outcomes. In our study, we found that the AISI was independently associated with the long-term 
mortality of CAD patients who underwent PCI and found that a higher AISI was independently associated 
with adverse outcomes in our study. In previous studies, the role of the inflammatory response in adverse 
cardiovascular events has been increasingly reported in recent years14, neutrophil to ltmphocyte ratio(NLR), 
platelet to lymphocyte(PLR) and C-reactive protein to albumin ratio(CAR) were considered to be associated 
with the outcomes of patients with CAD15, which demonstrated the role of inflammatory parameters in CAD 
patients.

Fig. 2.  The ROC of AISI.
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Several mechanistic pathways could connect the AISI to adverse prognosis in patients with CAD after PCI. 
Below are explanations for the association between the AISI and adverse events from the mechanistic point of 
view.

First, previous studies have suggested that the neutrophils are closely associated with major adverse cardiac 
events in patients with CAD16,17. In the early stage of atherosclerosis, neutrophils induce endothelial dysfunction 
and promote foam cell formation and inflammatory response, accelerating atherosclerosis plaque formation 
and progression18; in the late stage of atherosclerosis, neutrophils are involved in necrotic nuclei formation 
and fibrous cap thinning within the plaques, promoting unstable plaque rupture19. Therefore, a high neutrophil 
count is considered a risk factor for adverse cardiovascular events. In addition, relevant research has stated that 
platelets play a central role in the process of thrombosis20. Once platelets are activated, they will promote the 
progression and even deterioration of CAD. It is recognized worldwide that the main cause of mortality and 
morbidity in coronary heart disease is the excessive activation and aggregation of blood platelets triggered by 
atherosclerosis plaque rupture21, which leads to thrombosis and vascular occlusion. Therefore, a high platelet 
count is considered a risk factor for adverse cardiovascular events. Moreover, a large of studies have demonstrated 
circulating monocytes play an important role in the progression of coronary plaque22. One of the characteristic 
features of a vulnerable plaque is a higher predominance of lipid-laden macrophages which are derived from 
circulating monocytes in the cap23. That means monocytes and monocytes-derived macrophages contribute 
to the initiation development and rupture of plaques in atherosclerosis. Therefore, a high monocyte count is 
considered a risk factor for adverse cardiovascular events. Last but not least, an increasing number of studies 
have shown that a decrease in blood lymphocyte count is strongly correlated with the development of premature 
coronary artery disease24. The redistribution of T cells from the circulation to lymphoid tissue could exacerbate 
lymphocyte growth; it might induce compensatory proliferation of antigen-experienced T cells, which could 
increase the risk of cardiovascular disease25.Therefore, a low lymphocyte count is considered a risk factor for 
adverse cardiovascular events. Based on the calculation formula of AISI is neutrophils (NEU) * platelets (PLT) 
* monocytes (MONO) / lymphocytes (LYM), it is obviously that AISI is strongly associated with inflammation 
which could cause adverse events.

The significance of our study was that we provide strong support that the inflammatory response plays an 
important role in the development of CAD. AISI is derived from routine complete blood count parameters, it is 
simple, inexpensive and widely available. This makes it a potentially useful tool for risk stratification in patients 
with cardiovascular disease, particularly for early identification of individuals at higher risk who may benefit 
from more intensive monitoring or tailored therapeutic strategies. The potential benefits of incorporating AISI 

Outcomes
AISI < 366
(n = 2493)

AISI ≥ 366
(n = 989) χ2 P-value

ACM, n (%) 65 (2.61) 65 (6.57) 30.973 < 0.001

CM, n (%) 42 (1.68) 40 (4.04) 17.147 < 0.001

MACEs, n (%) 273 (10.95) 122 (12.33) 1.351 0.135

MACCEs, n (%) 355 (14.24) 160 (16.18) 2.110 0.082

Table 2.  Outcomes comparison between groups. ACM: All-cause mortality; CM: Cardiac mortality; MACEs: 
Major adverse cardiovascular events; MACCEs: Major adverse cardiovascular and cerebrovascular events. 
Significant values are in bold.

 

Variables
AISI < 366
(n = 2493)

AISI ≥ 366
(n = 989) χ2 or T P-value

Age, years 63.33 ± 10.34 63.11 ± 11.20 17.686 < 0.001

Gender (Male), n (%) 1643 (65.90) 756 (76.44) 36.683 < 0.001

Hypertension, n (%) 1362 (54.63) 567 (57.33) 2.086 0.080

Diabetes, n (%) 576 (23.10) 249 (25.18) 1.682 0.105

Smoking, n (%) 725 (29.08) 337 (34.07) 8.329 0.002

Drinking, n (%) 374 (15.00) 187 (18.91) 7.993 0.003

Cr, umol/L 70.67 (60.80, 82.70) 78.41 (68.10, 89.00) 24.441 < 0.001

UA, mmol/L 295.73 ± 81.48 307.01 ± 96.16 16.597 < 0.001

TG, mmol/L 1.66 (1.17, 2.23) 1.68 (1.19, 2.27) 0.292 0.589

TC, mmol/L 3.89 ± 1.02 3.94 ± 1.03 0.683 0.408

HDL-C, mmol/L 1.05 ± 0.30 1.01 ± 0.27 0.026 0.871

LDL-C, mmol/L 2.37 ± 0.83 2.47 ± 0.88 2.765 0.046

Table 1.  Demographic and clinical characteristics of lower group and higher group. Categorical data are 
presented n (%) and continuous data as mean ± SD or median and interquartile range. Cr: Creatinine; UA: 
Uric acid; TG: Triglyceride; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-
density lipoprotein cholesterol. Significant values are in bold.
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into clinical practice include its non-invasive nature, cost-effectiveness, and ability to complement established 
inflammatory markers such as C-reactive protein (CRP) and interleukin-6 (IL-6). Moreover, in resource-limited 
settings where advanced biomarker assays may not be feasible, AISI could provide an accessible alternative for 
assessing systemic inflammation and prognosis. However, there were also some limitations to our research, which 
are as follows. First, compared to prospective observational study, the findings can only indicate associations 
rather than establish causal relationships between AISI and adverse outcomes. Second, the study was conducted 
in a single center research, which may limit the generalizability of the results to other populations and clinical 
settings. Third, our analysis was based on clinical data alone, without incorporating experimental or mechanistic 
studies to further elucidate the underlying biological pathways. Further prospective and multi-center studies are 
needed to validate its prognostic value and to define optimal thresholds for clinical application.

For further studies, we advise scholars to conduct analyses of the prognostic value of AISI in subgroup 
classification of patients with CAD after PCI as well as comparisons of the predictive efficacy of other 
inflammation index like monocyte-to-lymphocyte ratio (MLR), neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII) and systemic inflammation response 
index (SIRI) on the prognosis of coronary artery disease in order to systematically and comprehensively explore 
the role of inflammation in the prognosis of patients with coronary artery disease. On the mechanisms by 
which systemic inflammation affects long-term outcomes in CAD patients, we need focus on the role of blood 
components such as neutrophils, monocytes, platelets and lymphocytes in outcomes of patients with coronary 
artery disease.

Conclusion
The research shows that AISI is an independent predictor of CAD patients following PCI, providing a 
valuable marker for inflammation on risk assessment and clinical decision-making in cardiovascular diseases. 
Furthermore, we require additional prospective trials to further validate the prognostic value of AISI and related 
indices such as NLR, MLR, and PLR in patients with coronary artery disease.

Fig. 3.  Cumulative Kaplan–Meier estimates of the time to the first adjudicated occurrence of ACM. The X 
axis represents the follow-up time, and the Y axis represents the cumulative incidence of ACM. The green line 
indicates the higher group and the blue line indicates the lower group.
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Variables B SE Wald P-value HR 95% CI

Gender − 0.830 0.237 0.121 0.728 0.921 0.578–1.466

Age 0.067 0.010 49.133 < 0.001 1.069 1.049–1.089

Smoking − 0.104 0.266 0.152 0.696 0.902 0.536–1.517

Drinking 0.283 0.300 0.887 0.346 1.327 0.737–2.389

Cr 0.006 0.001 49.936 < 0.001 1.006 1.005–1.008

UA 0.001 0.001 0.608 0.435 1.001 0.999–1.003

LDL-C − 0.098 0.111 0.773 0.927 0.907 0.729–1.128

AISI 0.832 0.186 19.948 0.017 2.298 1.595–3.310

Table 3.  Cox regression analysis results for long-term ACM. ACM: All-cause mortality, Cr: Creatinine; UA: 
Uric acid; TG: Triglyceride; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-
density lipoprotein cholesterol. Significant values are in bold.

 

Fig. 4.  Cumulative Kaplan–Meier estimates of the time to the first adjudicated occurrence of CM. The X 
axis represents the follow-up time, and the Y axis represents the cumulative incidence of CM. The green line 
indicates the higher group and the blue line indicates the lower group.
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Data availability
The data will not be shared, because the identified participant information is included in the data. Specifically, 
requests for data related to this study should be directed to the corresponding author, Dr. Ying-Ying Zheng, 
zhengying527@163.com.
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