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Purpose: Cardiovascular disease remains a major public health concern and is
closely associated with carotid atherosclerosis, a lipid-driven inflammatory
condition. Composite inflammatory indices, including the systemic immune-
inflammation index (Sll), systemic inflammation response index (SIRI), and
aggregate index of systemic inflammation (AISI), have shown promise in
cardiovascular risk assessment; however, their comparative predictive value for
carotid plaque formation has not been adequately validated in large Asian
populations. This study investigated the associations between these
inflammatory indices and carotid plaque presence in a large-scale Chinese
health screening cohort.

Patients and methods: This cross-sectional study analyzed 9,503 adults (mean
age 51.6 + 9.5 years; 50.8% male) who underwent comprehensive health
examinations at Guangzhou 11th People’s Hospital between January 2018 and
December 2022. Inflammatory indices were calculated from complete blood
counts: SII = (neutrophils x platelets)/lymphocytes, SIRI = (neutrophils x
monocytes)/lymphocytes, and AISI = (neutrophils X platelets x monocytes)/
lymphocytes. Carotid plaques were identified using standardized
ultrasonography according to Mannheim Consensus criteria. Best subset
regression with rigorous 10-fold cross-validation identified optimal prediction
models from 4,095 potential combinations. The cohort was divided into training
(70%, n=6,652) and validation (30%, n=2,851) sets for model development and
internal validation.

Results: Carotid plagque prevalence was 29.2%. All inflammatory indices were
significantly higher in participants with plaques: SIRI (0.78 + 0.50 vs. 0.63 +
0.36, P<0.001), AISI (2.04 + 1.43vs.1.57 + 0.99, P<0.001), and SI1 (5.28 + 2.66 vs.
4.32 + 1.88, P<0.001). Among 89 models without multicollinearity, the optimal
four-variable model included age (OR = 1.028, 95% CI: 1.020-1.036), fasting
glucose (OR = 1.799, 95% CI: 1.657-1.952), AISI (OR = 2.277, 95% Cl: 2.072-
2.502), and diabetes mellitus (OR = 3.234, 95% Cl: 2.727-3.836). This model
achieved superior validation performance (AUC = 0.744) compared with
models incorporating SIRI (AUC = 0.739) or traditional risk factors alone (AUC
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= 0.731). At the optimal threshold (0.32), the model demonstrated 71.5%
sensitivity, 68.9% specificity, and 69.4% accuracy. Calibration was excellent
(Hosmer—Lemeshow P = 0.511; Brier score=0.198).

Conclusion: AlSI emerged as the most robust inflammatory biomarker for carotid
plague prediction among composite indices, suggesting its superior ability to
capture the complex interplay between neutrophils, monocytes, platelets, and
lymphocytes in atherosclerosis. The developed four-variable model combining
AISI with traditional risk factors provides a clinically feasible tool for carotid
atherosclerosis risk stratification in Chinese populations, potentially enhancing
early detection and preventive interventions.

carotid plaque, aggregate index of systemic inflammation, systemic inflammation
response index, systemic immune-inflammation index, atherosclerosis, cardiovascular

risk assessment

Introduction

Cardiovascular disease (CVD) remains a major global public
health challenge and is closely linked to carotid atherosclerosis, a
lipid-driven, multifactorial inflammatory condition (1, 2). Carotid
atherosclerosis is characterized by progressive thickening of the
carotid intima-media (cIMT) and the formation of atherosclerotic
plaques within the arterial wall (3). Inflammation is a pivotal
pathophysiological mechanism underlying atherosclerosis
progression and plaque destabilization (4). The inflammatory
cascade involves diverse cellular components—including
neutrophils, lymphocytes, monocytes, and platelets—each
contributing distinct pathological mechanisms that collectively
drive vascular inflammation and endothelial dysfunction (5).
However, traditional inflammatory biomarkers such as C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) are limited
by their nonspecific nature and their inability to capture the
complex interplay among different immune cell populations (6, 7).

Recent advances in understanding cardiovascular inflammation
have led to the development of composite inflammatory indices—
including the systemic immune-inflammation index (SII), systemic
inflammation response index (SIRI), and aggregate index of systemic
inflammation (AISI)—which integrate multiple immune cell
populations to better reflect systemic inflammatory burden (8, 9).
SIT has been associated with coronary artery disease severity and
independently predicts major adverse cardiovascular events (10, 11),
while SIRI correlates with acute coronary syndrome occurrence and
stroke risk in older populations (12). AISI has emerged as a predictor
of adverse outcomes in cardiovascular patients (13). These indices
also show associations with carotid artery stenosis severity, peripheral
arterial disease, and subclinical atherosclerosis measures (14, 15),
suggesting their potential as robust biomarkers for cardiovascular risk
stratification in atherosclerotic disease management.
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Although composite inflammatory indices have demonstrated
clinical value in atherosclerotic disease assessment, current research
presents several important limitations (16). Most existing studies use
modest sample sizes, limiting statistical power and generalizability.
Large-scale validation in Asian populations remains limited despite
potential ethnic differences in inflammatory profiles (17). Additionally,
systematic comparisons of different composite inflammatory indices
using rigorous methodologies are lacking, and many studies employ
inadequate model validation procedures (18). These limitations
underscore the need for well-designed studies with appropriate
sample sizes and rigorous validation.

To address these gaps, the present study investigated the
association between composite inﬂammatory indices (SII, SIRI,
and AISI) and carotid plaque formation in a large Chinese health
screening population. Using systematic best subset regression
analysis and rigorous internal validation, we aimed to identify the
optimal combination of inflammatory and clinical parameters for
predicting carotid plaque presence, thereby developing a clinically
simple, feasible, and reliable predictive model for carotid
atherosclerosis risk assessment.

Materials and methods
Study design and population

This study was conducted at Guangzhou 11th People’s Hospital
between January 2018 and December 2022. Of 23,173 adults who
underwent comprehensive health examinations, 9,503 participants
were included after applying strict inclusion and exclusion criteria.
Inclusion criteria were: (1) age =18 years; (2) complete carotid
ultrasonography; (3) complete blood count and biochemical
parameters; and (4) complete demographic and clinical data.
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Exclusion criteria were: (1) acute or chronic infectious diseases
within the previous 3 months; (2) history of malignancy or current
oncologic treatment; (3) severe liver or kidney dysfunction; (4)
autoimmune diseases or immunosuppressive therapy; (5)
pregnancy; (6) incomplete or poor-quality carotid
ultrasonography images; (7) incomplete clinical or laboratory
data; and (8) any condition likely to significantly affect
inflammatory marker levels.

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the Ethics and Research Committee
of Guangzhou 11th People’s Hospital. All participant data were de-
identified and anonymized to ensure confidentiality, with strict
security measures implemented for data handling. Data were used
exclusively for scientific research purposes. Given the retrospective
design and use of anonymized data, the requirement for informed
consent was waived by the ethics committee.

Demographic and clinical variables

Standardized questionnaires collected demographic
information, including age, sex, anthropometric measurements,
medical history, and lifestyle factors. Body mass index was
calculated as weight (kg) divided by height squared (m?). Clinical
conditions were defined as follows: Hypertension: systolic BP >140
mmHg and/or diastolic BP 290 mmHg on repeated measurements,
or current antihypertensive medication use. Diabetes mellitus:
fasting glucose 27.0 mmol/L, HbAlc 26.5%, or antidiabetic
medication use. Dyslipidemia: according to the 2016 Chinese
Guidelines, defined as total cholesterol >6.2 mmol/L, LDL-C >4.1
mmol/L, HDL-C <1.0 mmol/L (males) or <1.3 mmol/L (females), or
triglycerides 22.3 mmol/L. Current smoking: >1 cigarette daily for
>6 months. Alcohol consumption: regular intake >once weekly for
>6 months.

Inflammatory Index Calculations:

SII = (neutrophil x platelet) /lymphocyte count
SIRI = (neutrophil x monocyte)/lymphocyte count

AISI = (neutrophil x platelet x monocyte)/lymphocyte count

Carotid ultrasonography

Carotid ultrasonography was performed by certified
sonographers (25 years of experience) using a standardized
protocol with a SonoScape S60 ultrasound system equipped with
a 10-MHz linear transducer (SonoScape Medical Corp., Shenzhen,
China). Participants were positioned supine with the neck extended,
and bilateral carotid arteries were systematically examined,
including the common carotid artery, bifurcation, and internal
and external carotid arteries in longitudinal and transverse planes.
Carotid plaque was defined according to the Mannheim Carotid
Intima-Media Thickness and Plaque Consensus as a focal structure
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encroaching on the arterial lumen >1.5 mm, localized thickening
250% of the surrounding intima-media thickness, or thickness >1.5
mm measured from the media-adventitia to the intima-lumen
interface. Ten percent of examinations were randomly re-evaluated
by a second experienced sonographer blinded to clinical data.
Interobserver agreement for plaque detection was excellent
(x=0.91, 95% CI: 0.86-0.96).

Statistical analysis

Statistical analyses were performed using R version 4.2.0 (R
Foundation for Statistical Computing, Vienna, Austria) and SPSS
26.0 (IBM Corporation, Armonk, NY, USA). Univariate analyses
compared variables between groups using appropriate statistical
tests: independent t-tests or Mann-Whitney U tests for continuous
variables, and chi-square or Fisher’s exact tests for categorical
variables. Variables with P<0.05 were retained for
multivariable modeling.

The cohort was randomly divided into training (70%, n=6,652)
and validation (30%, n=2,851) sets using stratified randomization
(seed=42) to maintain a balanced outcome distribution. Best subset
regression systematically evaluated all combinations of significant
variables. Each model underwent 10-fold cross-validation repeated
five times to calculate mean AUC. Variance inflation factors were
assessed to exclude models with multicollinearity (VIF >10).

A two-stage selection process was employed: (1) models with
cross-validated AUC in the top 10th percentile were identified as
high-performing candidates; and (2) among these, models with the
fewest variables were selected and tested in the validation cohort.
The model achieving the highest validation AUC was designated as
the final prediction model. Model discrimination was evaluated
using ROC analysis, with AUC and 95% confidence intervals
calculated by the DeLong method. Calibration was assessed using
the Hosmer-Lemeshow test and calibration plots. Performance
metrics included sensitivity, specificity, positive and negative
predictive values, and accuracy at the optimal cut-point
determined by the Youden Index.

We employed best subset regression combined with logistic
regression modeling for optimal predictor identification. Best subset
regression systematically evaluates all possible predictor
combinations to identify the optimal model, providing an
exhaustive search superior to stepwise methods that may miss
optimal variable combinations. This approach has been
successfully applied in cancer prognosis prediction (19) and
cardiovascular risk assessment (20). Following variable selection,
we utilized multivariable logistic regression to estimate the
probability of carotid plaque presence. Logistic regression is
particularly suitable for clinical prediction models due to its
interpretability, clinically meaningful odds ratios, and ability to
generate individual probability scores for risk stratification (21).
This combined approach ensures optimal predictor identification
while maintaining model interpretability.

All statistical tests were two-sided, with significance set at
P<0.05. Results were reported as odds ratios with 95%
confidence intervals.
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Result
Study population characteristics

A total of 9,503 participants were included in the final analysis
(mean age 51.6 + 9.5 years; 50.8% male), with an overall carotid plaque
prevalence of 29.2%. The cohort was randomly divided into training
(n=6,652; 70%) and validation (n=2,851; 30%) sets. Baseline
characteristics were well balanced between cohorts, with no
significant differences in age (P = 0.071), sex distribution (P = 0.956),
carotid plaque prevalence (P = 0.924), or any clinical variables (all
P>0.05). Comorbidities and lifestyle factors were also similarly
distributed, confirming successful randomization (Table 1).

Univariate analysis of carotid plaque—
associated factors

Twelve variables showed significant associations with carotid
plaque presence. Participants with plaque were older (52.58 + 10.16
vs. 51.08 + 9.13 years, P<0.001) and had higher fasting glucose (5.69

TABLE 1 Baseline characteristics of training and validation cohorts.

10.3389/fendo.2025.1732824

+ 1.28 vs. 5.28 + 0.82 mmol/L, P<0.001) and triglycerides (1.58 +
1.25vs. 1.47 + 1.33 mmol/L, P<0.001), but lower HDL-C levels (1.49
+ 0.35 vs. 1.55 + 0.38 mmol/L, P<0.001). All inflammatory indices
were significantly elevated in the plaque group: SIRI (0.78 + 0.50 vs.
0.63 + 0.36, P<0.001), AIST (2.04 + 1.43 vs. 1.57 £ 0.99, P<0.001),
and SII (5.28 + 2.66 vs. 4.32 + 1.88, P<0.001). Diabetes mellitus
showed the strongest categorical association (y*=411.970, P<0.001),
followed by hypertension, smoking, and alcohol consumption (all
P<0.001). Sex, BMI, total cholesterol, and LDL-C showed no
significant associations (Table 2).

Best subset regression analysis and model
selection

To identify the optimal prediction model, we performed
comprehensive best subset regression on the 12 significant univariate
variables in the training cohort. This exhaustive search evaluated all
possible variable combinations, yielding 4,095 potential models. Each
model underwent rigorous 10-fold cross-validation repeated five times
to ensure robust performance estimates.

Variable Total Training cohort Validation cohort P- value
(n=9,503) (n=6,652) (n=2,851)
Age (years) 516 £9.5 51.4 £9.5 51.8 £9.6 0.071
Male sex, n (%) 4,832 (50.8) 3,384 (50.9) 1,448 (50.8) 0.956
BMI (kg/m?) 24.02 + 3.06 24.01 + 3.05 24.05 + 3.08 0.578
Fasting glucose (mmol/L) 542 +1.01 5.41 + 1.00 5.44 +1.03 0.175
Triglycerides (mmol/L) 1.50 + 1.31 1.49 £+ 1.30 1.52 + 1.33 0.295
Total cholesterol (mmol/L) 522 +0.99 521 +0.98 524 + 1.01 0.189
HDL-C (mmol/L) 1.53 £ 0.37 1.54 £ 0.37 1.52 + 0.38 0.087
LDL-C (mmol/L) 297 £0.83 297 £0.82 298 +0.85 0.682
Inflammatory Indices
SIRI 0.67 + 0.41 0.66 + 0.40 0.69 + 0.42 0.001
AISI 1.71 £ 1.15 1.70 + 1.14 1.74 £ 1.18 0.110
SII 4.63 £ 2.18 4.61 +2.16 4.67 +2.23 0.228
Comorbidities, n(%)
Hypertension, n(%) 1,979 (20.8) 1,386 (20.8) 593 (20.8) 0.978
Diabetes mellitus, n(%) 1,030 (10.8) 721 (10.8) 309 (10.8) 0.996
Dyslipidemia, n(%) 5,796 (61.0) 4,060 (61.0) 1,736 (60.9) 0.890
Lifestyle Factors, n(%)
Current smoking, n(%) 1,519 (16.0) 1,063 (16.0) 456 (16.0) 0.997
Alcohol consumption 1,700 (17.9) 1,191 (17.9) 509 (17.9) 0.987
Carotid plaque, n (%)) 2,779 (29.2 1,947 (29.3) 832 (29.2) 0.924

Data are presented as mean + SD for continuous variables and n (%) for categorical variables. BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; SIRI, systemic inflammation response index; AISI, aggregate index of systemic inflammation; SII, systemic immune-inflammation index.
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Variable 'Elr?:él‘;gz)e Plag]liezgl;zgs)e At est statistic (t/y?)

Age (years) 51.08 £9.13 52.58 + 10.16 -6.733 <0.001
Fasting glucose (mmol/L) 528 +0.82 5.69 + 1.28 -15.465 <0.001
BMI (kg/m?) 23.99 + 3.06 24.11 + 3.05 -1.769 0.077
Triglycerides (mmol/L) 147 +1.33 1.58 £ 1.25 -3.947 <0.001
Total cholesterol (mmol/L) 523 +0.95 5.19 + 1.07 1.562 0.118
HDL-C (mmol/L) 1.55 £ 0.38 1.49 £ 0.35 8.290 <0.001
LDL-C (mmol/L) 2.98 +0.80 2.96 +0.89 0.945 0.345
SIRI 0.63 + 0.36 0.78 + 0.50 -14.461 <0.001
AISI 1.57 + 0.99 2.04 +1.43 -15.866 <0.001
SIT 4.32 + 1.88 5.28 + 2.66 -17.439 <0.001
Male sex 3,427 (50.9) 1,405 (50.6) 0.132 0.716
Hypertension 324.335 <0.001
Present 1,076 (54.4) 903 (45.6)

Absent 5,648 (75.1) 1,876 (24.9)

Current smoking 122414 <0.001
Present 895 (58.9) 624 (41.1)

Absent 5,829 (73.0) 2,155 (27.0)

Alcohol consumption 199.195 <0.001
Present 963 (56.6) 737 (43.4)

Absent 5,761 (73.8) 2,042 (26.2)

Diabetes mellitus 411.970 <0.001
Present 449 (43.6) 581 (56.4)

Absent 6,275 (74.1) 2,198 (25.9)

Dyslipidemia 8.770 0.003
Present 4,037 (69.7) 1,759 (30.3)

Absent) 2,687 (72.5) 1,020 (27.5

Data are presented as mean + SD for continuous variables and n (%) for categorical variables. P-values were calculated using independent-samples t-test for continuous variables and chi-square

test for categorical variables.

After excluding models with variance inflation factors 210 to
control for multicollinearity, 89 models remained for evaluation.
Models with mean cross-validated AUC in the top 10th percentile
(AUC 20.730) were designated as high-performing candidates.

Four candidate models emerged, each comprising four variables,
representing an optimal balance between predictive performance and
parsimony. Model 1 (Age + Fasting glucose + SIRI + Diabetes)
achieved the highest training AUC of 0.742 + 0.018, followed by
Model 2 (Age + Fasting glucose + AISI + Diabetes) with an AUC of
0.738 £ 0.019. Model 3 (Age + Fasting glucose + Hypertension +
Diabetes) and Model 4 (Fasting glucose + SIRI + Hypertension +
Diabetes) achieved AUCs of 0.735 + 0.017 and 0.733 + 0.020,
respectively. All models demonstrated excellent multicollinearity
control, with maximum VIF values ranging from 2.15 to 2.91 (Table 3).

Frontiers in Endocrinology

Internal validation and final model
selection

The four candidate models were subsequently evaluated in the
independent validation cohort to assess generalizability. Model 2
achieved the highest validation AUC of 0.744, outperforming
Model 1 (0.739), Model 3 (0.731), and Model 4 (0.728). At the
optimal cut-point determined by the Youden Index (probability
threshold=0.32), Model 2 demonstrated balanced performance
metrics in the validation cohort: sensitivity 71.5%, specificity
68.9%, accuracy 69.4%, positive predictive value 45.8%, and
negative predictive value 86.5% (Table 4).

The final logistic regression model incorporated four variables:
age, fasting glucose, AISI, and diabetes mellitus. All variables were
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TABLE 3 Best subset regression analysis results in training cohort.

10.3389/fendo.2025.1732824

Model Variable combination Mean AUC SD Max VIF AUC range
Model 1 Age + Fasting glucose + SIRI + Diabetes 0.742 0.018 2.84 0.698-0.781
Model 2 Age + Fasting glucose + AISI + Diabetes 0.738 0.019 291 0.694-0.778
Model 3 Age + Fasting glucose + Hypertension +Diabetes 0.735 0.017 2.15 0.701-0.772
Model 4 Fasting glucose + SIRI + Hypertension + Diabetes 0.733 0.020 2.67 0.688-0.775

Results based on 10-fold cross-validation repeated 5 times. AUC threshold for top 10% models = 0.730. All models had VIF < 10, indicating adequate control of multicollinearity. AUC, area
under the curve; SD, standard deviation; VIF, variance inflation factor; SIRI, systemic inflammation response index; AISI, aggregate index of systemic inflammation.

highly significantly associated with carotid plaque presence (all
P<0.001). Diabetes mellitus was the strongest predictor (OR =
3.234, 95% CI: 2.727-3.836), followed by AISI (OR = 2.277, 95%
CL: 2.072-2.502), fasting glucose (OR = 1.799, 95% CI: 1.657-
1.952), and age (OR = 1.028, 95% CI: 1.020-1.036) (Table 5).

Model performance assessment

The final model demonstrated excellent discrimination, with
AUCs of 0.738 in the training cohort and 0.744 in the validation
cohort (P = 0.672, DeLong test) (Figure 1). Calibration was excellent
in both cohorts (Hosmer-Lemeshow P = 0.345 for training; P =
0.511 for validation), with calibration curves closely following the
ideal line. The Brier score was 0.198, with a calibration slope of 0.96
and intercept of 0.02, confirming optimal calibration
performance (Figure 2).

Discussion

This large-scale investigation of 9,503 Chinese health screening
participants provides robust evidence establishing AISI as the
superior inflammatory biomarker for carotid plaque prediction
among currently available composite indices. We found that SII,
SIRI, and AISI were all significantly associated with carotid plaque
formation. Through rigorous best subset regression evaluating
4,095 potential model combinations, our final four-variable model
—incorporating age, fasting glucose, AISI, and diabetes mellitus—
achieved an AUC of 0.744 in an independent validation cohort,
demonstrating strong discriminative ability. This finding not only
validates the pivotal role of systemic inflammation in carotid

TABLE 4 External validation performance of candidate models.

atherosclerosis development but also offers a clinically practical
tool for risk stratification in primary prevention settings.

The pathological significance of carotid plaque formation
extends beyond simple arterial narrowing. Carotid atherosclerotic
disease represents a progressive cerebrovascular threat, with
consequences ranging from transient ischemic attacks to
catastrophic stroke, wherein vascular risk escalates with
increasing luminal narrowing and plaque instability (1-3). Early
detection and aggressive management of modifiable risk factors are
critical to preventing severe cerebrovascular complications.
Recognized risk factors include traditional cardiovascular
determinants—hypertension, dyslipidemia, diabetes mellitus,
smoking, and advanced age—alongside emerging inflammatory
biomarkers that capture the systemic inflammatory burden
underlying atherosclerotic progression (22-24).

Building on this foundation, current evidence robustly supports
systemic inflammation as an integral component of atherosclerotic
pathogenesis, wherein persistent low-grade inflammation promotes
disease progression (25). Consistent with prior investigations, the
present study identified significant associations between all three
composite inflammatory indices—SII, SIRI, and AISI—and carotid
plaque presence. All indices were significantly higher in participants
with plaques: SIRI (0.78 + 0.50 vs. 0.63 £ 0.36, P<0.001), AISI (2.04
+ 1.43 vs. 1.57 £ 0.99, P<0.001), and SII (5.28 + 2.66 vs. 4.32 + 1.88,
P<0.001). These findings suggest that individuals with elevated
systemic inflammation profiles face a substantially higher risk of
developing carotid plaques. While low-density lipoprotein
cholesterol is a principal driver of atherosclerotic pathology,
atherosclerosis is fundamentally an inflammatory disease
characterized by dynamic interactions among multiple cellular
populations that collectively orchestrate disease progression.

Among these indices, AISI demonstrated superior predictive
performance, a finding with important mechanistic and clinical
implications. In a cohort of 830 patients with type 2 diabetes, Wang

Model  Training AUC Validation AUC = Sensitivity (%)
Model 1 0.742 0.739 70.2
Model 2 0.738 0.744 715
Model 3 0.735 0.731 68.5
Model 4 0.733 0.728 67.8

Specificity (%) = Accuracy (%) PPV (%) NPV (%)
68.1 68.6 445 85.6
68.9 69.4 ‘ 458 86.5
67.2 67.5 ‘ 425 84.7
66.5 66.8 ‘ 418 84.2

Model 2 achieved the highest validation AUC and was selected as the final model. Performance metrics calculated using optimal cut-point determined by Youden Index. PPV, positive predictive

value; NPV, negative predictive value.
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TABLE 5 Final prediction model: logistic regression coefficients.

10.3389/fendo.2025.1732824

Variable Coefficient(3)  Standard Error Wald %* P-value OR 95% ClI
Constant -4.156 0312 177.23 <0.001 - -
Age(years) 0.028 0.004 49.84 <0.001 1.028 1.020-1.036
Fasting glucose (mmol/L) 0.587 0.042 195.66 <0.001 1.799 1.657-1.952
AISI 0.823 0.048 294.01 <0.001 2277 2.072-2.502
Diabetes mellitus 1174 0.087 182.15 <0.001 3234 2.727-3.836

Model equation: Logit(P) = -4.156 + 0.028xAge + 0.587xFasting glucose + 0.823xAISI +1.174xDiabetes, where P is the probability of carotid plaque presence. OR, odds ratio; CI, confidence

interval; AISI, aggregate index of systemic inflammation.

Sensitivity (True Positive Rate)

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity (False Positive Rate)

-o- No discrimination line -o- Training set (AUC = 0.738, 95% Cl: 0.722-0.754)
-o- Validation set (AUC = 0.744, 95% Cl: 0.724-0.764)

FIGURE 1
ROC curves for carotid plaque prediction model.
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FIGURE 2
Calibration plot for the final prediction model.

et al. reported that AISI mediated 10.9% of the association between
metabolic dysfunction-associated fatty liver disease and subclinical
carotid atherosclerosis—exceeding SII's mediation effect of 7.8%—
suggesting AISI’s superior capacity to capture inflammatory-
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metabolic interactions (24). Our observed effect size for AISI (OR
=2.277,95% CI: 2.072-2.502) is consistent with the meta-analysis
by Zhao et al., which reported a pooled hazard ratio of 2.36 for SII
across 15,832 patients with coronary artery disease (16).
Importantly, our study establishes AISI’s superiority through
direct, within-cohort comparison of all three indices using
identical methodology, thereby minimizing interstudy
heterogeneity and extending applicability to an asymptomatic
screening population—an advance with meaningful implications
for primary prevention in apparently healthy individuals.

This pathophysiological superiority of AISI derives from its
unique integration of four key cellular mediators of atherosclerotic
inflammation. Whereas SII captures platelet-neutrophil-
lymphocyte dynamics and SIRI incorporates monocyte-
neutrophil-lymphocyte interactions, AISI integrates all four cell
types, providing a more complete assessment of systemic
inflammatory burden. Neutrophils contribute to plaque
destabilization through the release of proteolytic enzymes and
reactive oxygen species, degrading extracellular matrix and
amplifying local inflammation (26, 27). Monocytes, recruited
through chemotactic gradients, differentiate into macrophages
and foam cells, secreting proinflammatory cytokines and matrix
metalloproteinases that promote plaque vulnerability (28). Platelets
further amplify inflammation and precipitate thrombotic events (5,
23). Concurrently, lymphocyte depletion reflects impaired adaptive
immune regulation, permitting unchecked innate immune
activation. AISI’s capacity to capture these interdependent
pathways—the combined dysregulation of innate immunity
(elevated neutrophils, monocytes, platelets) and adaptive immune
dysfunction (reduced lymphocytes)—mechanistically explains its
superior predictive performance.

The clinical translation of these findings is strengthened by our
methodological approach. Unlike prior investigations that
employed stepwise regression or predetermined variable selection,
our exhaustive evaluation of all possible variable combinations via
best subset regression, combined with rigorous 10-fold cross-
validation repeated five times, ensured optimal model selection
while controlling for multicollinearity. The maximum variance
inflation factor of 2.91 across all examined models was well below
the conventional threshold of 10, confirming appropriate model
specification. The model’s excellent calibration—Hosmer-
Lemeshow P = 0.511, Brier score 0.198, calibration slope 0.96,
and intercept 0.02—indicates that predicted probabilities closely

frontiersin.org


https://doi.org/10.3389/fendo.2025.1732824
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Sun et al.

reflect observed risks across the full spectrum, addressing a critical
gap in biomarker validation often overlooked in the clinical
literature (29-31). The notable stability between training and
validation performance (AUC 0.738 vs. 0.744, P = 0.672)
demonstrates robust generalizability and substantially reduces
concerns regarding overfitting.

At the optimal probability threshold of 0.32, the model showed
balanced performance with 71.5% sensitivity, 68.9% specificity, and
a notably high negative predictive value of 86.5% in the independent
validation cohort. This high negative predictive value provides
meaningful clinical utility by substantially reducing the likelihood
of advanced carotid disease in individuals below the threshold and
enabling more efficient resource allocation by reducing unnecessary
imaging in low-risk populations. Among model components,
diabetes mellitus emerged as the strongest predictor (OR = 3.234,
95% CI: 2.727-3.836), consistent with established mechanisms
whereby hyperglycemia accelerates atherosclerotic progression
through advanced glycation end-product formation, enhanced
oxidative stress, and amplified inflammatory signaling (32-34).
The model’s simplicity—requiring only four readily available
variables (age, fasting glucose, AISI from a routine complete
blood count, and diabetes status)—substantially enhances its
translational potential for implementation in resource-limited
settings and routine primary care.

Despite these strengths, several limitations warrant
consideration. The cross-sectional design precludes causal
inference regarding temporal relationships between inflammatory
elevation and plaque development. Single-center recruitment, while
ensuring standardized protocols, may limit generalizability to
populations with different genetic backgrounds or environmental
exposures. Additionally, single time-point inflammatory assessment
cannot capture dynamic changes that might provide additional
prognostic information, and potential unmeasured confounders—
including medication effects or subclinical infections—could
influence inflammatory marker levels. Future prospective studies
with serial AISI monitoring are needed to establish temporal
relationships, evaluate whether AISI-guided interventions reduce
plaque progression, and validate the model across diverse
ethnic populations.

In conclusion, this study establishes AISI as the most robust
composite inflammatory biomarker for carotid plaque prediction
through comprehensive integration of neutrophil, monocyte,
platelet, and lymphocyte dynamics. The rigorously validated four-
variable prediction model offers a practical tool for risk stratification
in Chinese populations, potentially enabling earlier preventive
interventions and improved cardiovascular outcomes. These
findings warrant external validation in diverse populations and
prospective evaluation of AISI-guided strategies in clinical practice.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Endocrinology

10.3389/fendo.2025.1732824

Ethics statement

The studies involving humans were approved by Guangzhou 11th
People’s Hospital. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

JS: Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing —
original draft, Writing — review & editing. XZ: Conceptualization, Data
curation, Formal Analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Software,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing. MY: Writing — original draft, Writing -
review & editing. SY: Writing — original draft, Writing — review &
editing. HZ: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This study was supported in part
by a grant for scientific research from the Jiangsu Provincial Health
Commission (Grant No. BJ21031).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

frontiersin.org


https://doi.org/10.3389/fendo.2025.1732824
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Sun et al.

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or

References

1. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, et al.
Heart disease and stroke statistics-2022 update: A report from the american heart
association. Circulation. (2022) 145:e153-639. doi: 10.1161/CIR.0000000000001052

2. TuWJ, Zhao Z, Yin P, Cao L, Zeng J, Chen H, et al. Estimated burden of stroke in
China in 2020. JAMA Netw Open. (2023) 6:e231455. doi: 10.1001/
jamanetworkopen.2023.1455

3. Schindler A, Schinner R, Altaf N, Hosseini AA, Simpson RJ, Esposito-Bauer L,
et al. Prediction of stroke risk by detection of hemorrhage in carotid plaques: meta-
analysis of individual patient data. JACC Cardiovasc Imaging. (2020) 13:395-406.
doi: 10.1016/j,jcmg.2019.03.028

4. Libby P. Inflammation during the life cycle of the atherosclerotic plaque.
Cardiovasc Res. (2021) 117:2525-36. doi: 10.1093/cvr/cvab303

5. Wolf D, Ley K. Immunity and inflammation in atherosclerosis. Circ Res. (2019)
124:315-27. doi: 10.1161/CIRCRESAHA.118.313591

6. Gasparyan AY, Ayvazyan L, Mukanova U, Yessirkepov M, Kitas GD. The platelet-
to-lymphocyte ratio as an inflammatory marker in rheumatic diseases. Ann Lab Med.
(2019) 39:345-57. doi: 10.3343/alm.2019.39.4.345

7. Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and future perspectives.
Bratisl Lek Listy. (2021) 122:474-88. doi: 10.4149/BLL_2021_078

8. Yang YL, Wu CH, Hsu PF, Chen SC, Huang SS, Chan WL, et al. Systemic
immune-inflammation index (SII) predicted clinical outcome in patients with coronary
artery disease. Eur ] Clin Invest. (2020) 50:e13230. doi: 10.1111/eci.13230

9. Xia Y, Xia C, Wu L, Li Z, Li H, Zhang J. Systemic immune inflammation index
(SII), system inflammation response index (SIRI) and risk of all-cause mortality and
cardiovascular mortality: A 20-year follow-up cohort study of 42,875 US adults. J Clin
Med. (2023) 12:1128. doi: 10.3390/jcm12031128

10. Candemir M, Kiziltung E, Nurkog¢ S, Sahinarslan A. Relationship between
systemic immune-inflammation index (SII) and the severity of stable coronary artery
disease. Angiology. (2021) 72:575-81. doi: 10.1177/0003319720987743

11. Saylik F, Akbulut T. Systemic immune-inflammation index predicts major
cardiovascular adverse events in patients with ST-segment elevated myocardial
infarction. Arq Bras Cardiol. (2022) 119:14-22. doi: 10.36660/abc.20210412

12. Cai X, Song S, Hu J, Wang L, Shen D, Zhu Q, et al. Systemic inflammation
response index as a predictor of stroke risk in elderly patients with hypertension: A
cohort study. J Inflammation Res. (2023) 16:4821-32. doi: 10.2147/JIR.S433190

13. Fan W, Wei C, Liu Y, Sun Q, Tian Y, Wang X, et al. The prognostic value of
hematologic inflammatory markers in patients with acute coronary syndrome
undergoing percutaneous coronary intervention. Clin Appl Thromb Hemost. (2022)
28:10760296221146183. doi: 10.1177/10760296221146183

14. Kelesoglu S, Yilmaz Y, Elcik D, Bireciklioglu F, Ozdemir F, Balai F, et al.
Increased serum systemic immune-inflammation index is independently associated
with severity of carotid artery stenosis. Angiology. (2023) 74:790-7. doi: 10.1177/
00033197221144934

15. Liu Y, Ye T, Chen L, Jin T, Sheng Y, Wu G, et al. Systemic immune-
inflammation index predicts the severity of coronary stenosis in patients with
coronary heart disease. Coron Artery Dis. (2021) 32:715-20. doi: 10.1097/
MCA.0000000000001037

16. Zhao Z, Zhang X, Sun T, Huang X, Ma M, Yang S, et al. Prognostic value of
systemic immune-inflammation index in CAD patients: Systematic review and meta-
analyses. Eur ] Clin Invest. (2024) 54:¢14100. doi: 10.1111/eci.14100

17. Dziedzic EA, Gasior JS, Tuzimek A, Paleczny J, Junka A, Dabrowski M, et al.
Investigation of the associations of novel inflammatory biomarkers-systemic
inflammatory index (SII) and systemic inflammatory response index (SIRI)-with the
severity of coronary artery disease and acute coronary syndrome occurrence. Int ] Mol
Sci. (2022) 23:9553. doi: 10.3390/ijms23179553

Frontiers in Endocrinology

09

10.3389/fendo.2025.1732824

claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

18. Li Q, Ma X, Shao Q, Yang Z, Wang Y, Gao F, et al. Prognostic impact of multiple
lymphocyte-based inflammatory indices in acute coronary syndrome patients. Front
Cardiovasc Med. (2022) 9:811790. doi: 10.3389/fcvm.2022.811790

19. Shen R, Xiang S, Gu J, Zhang Y, Qian L, Shen J, et al. Competing risk nomogram
for predicting cancer-specific survival in patients with primary bone diffuse large B-cell
lymphoma: a SEER-based retrospective study. Front Med (Lausanne). (2025)
12:1572919. doi: 10.3389/fmed.2025.1572919

20. Miller A, Collier Z, Reisman DS. Beyond steps per day: other measures of real-
world walking after stroke related to cardiovascular risk. J Neuroeng Rehabil. (2022)
19:111. doi: 10.1186/512984-022-01091-7

21. Shipe ME, Deppen SA, Farjah F, Grogan EL. Developing prediction models for
clinical use using logistic regression: an overview. J Thorac Dis. (2019) 11:5574-84.
doi: 10.21037/jtd.2019.01.25

22. Tuzimek A, Dziedzic EA, Beck J, Kochman W. Correlations between acute
coronary syndrome and novel inflammatory markers (Systemic immune-inflammation
index, systemic inflammation response index, and aggregate index of systemic
inflammation) in patients with and without diabetes or prediabetes. J Inflammation
Res. (2024) 17:2623-32. doi: 10.2147/JIR.S454117

23. Soehnlein O, Libby P. Targeting inflammation in atherosclerosis - from
experimental insights to the clinic. Nat Rev Drug Discov. (2021) 20:589-610.
doi: 10.1038/s41573-021-00198-1

24. Wang W, Guo XL, Qiu XP, Yu Y], Tu M. Systemic immune-inflammation index
mediates the association between metabolic dysfunction-associated fatty liver disease
and sub-clinical carotid atherosclerosis: a mediation analysis. Front Endocrinol
(Lausanne). (2024) 15:1406793. doi: 10.3389/fendo.2024.1406793

25. Popa-Fotea NM, Ferdoschi CE, Micheu MM. Molecular and cellular
mechanisms of inflammation in atherosclerosis. Front Cardiovasc Med. (2023)
10:1200341. doi: 10.3389/fcvm.2023.1200341

26. Soehnlein O. Multiple roles for neutrophils in atherosclerosis. Circ Res. (2012)
110:875-88. doi: 10.1161/CIRCRESAHA.111.257535

27. Silvestre-Roig C, Braster Q, Ortega-Gomez A, Soehnlein O. Neutrophils as
regulators of cardiovascular inflammation. Nat Rev Cardiol. (2020) 17:327-40.
doi: 10.1038/s41569-019-0326-7

28. Newby AC. Metalloproteinase production from macrophages - a perfect storm
leading to atherosclerotic plaque rupture and myocardial infarction. Exp Physiol. (2016)
101:1327-37. doi: 10.1113/EP085567

29. Huang Y, Li W, Macheret F, Gabriel RA, Ohno-MaChado L. A tutorial on
calibration measurements and calibration models for clinical prediction models. ] Am
Med Inform Assoc. (2020) 27:621-33. doi: 10.1093/jamia/ocz228

30. Kramer AA, Zimmerman JE. Assessing the calibration of mortality benchmarks
in critical care: The Hosmer-Lemeshow test revisited. Crit Care Med. (2007) 35:2052-6.
doi: 10.1097/01.CCM.0000275267.64078.B0

31. Nattino G, Pennell ML, Lemeshow S. Assessing the goodness of fit of logistic
regression models in large samples: A modification of the Hosmer-Lemeshow test.
Biometrics. (2020) 76:549-60. doi: 10.1111/biom.13249

32. Basta G, Schmidt AM, De Caterina R. Advanced glycation end products and
vascular inflammation: implications for accelerated atherosclerosis in diabetes.
Cardiovasc Res. (2004) 63:582-92. doi: 10.1016/j.cardiores.2004.05.001

33. Chilelli NC, Burlina S, Lapolla A. AGEs, rather than hyperglycemia, are
responsible for microvascular complications in diabetes: a “glycoxidation-centric”
point of view. Nutr Metab Cardiovasc Dis. (2013) 23:913-9. doi: 10.1016/
j.numecd.2013.04.004

34. Singh VP, Bali A, Singh N, Jaggi AS. Advanced glycation end products and
diabetic complications. Korean ] Physiol Pharmacol. (2014) 18:1-14. doi: 10.4196/
kjpp.2014.18.1.1

frontiersin.org


https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1001/jamanetworkopen.2023.1455
https://doi.org/10.1001/jamanetworkopen.2023.1455
https://doi.org/10.1016/j.jcmg.2019.03.028
https://doi.org/10.1093/cvr/cvab303
https://doi.org/10.1161/CIRCRESAHA.118.313591
https://doi.org/10.3343/alm.2019.39.4.345
https://doi.org/10.4149/BLL_2021_078
https://doi.org/10.1111/eci.13230
https://doi.org/10.3390/jcm12031128
https://doi.org/10.1177/0003319720987743
https://doi.org/10.36660/abc.20210412
https://doi.org/10.2147/JIR.S433190
https://doi.org/10.1177/10760296221146183
https://doi.org/10.1177/00033197221144934
https://doi.org/10.1177/00033197221144934
https://doi.org/10.1097/MCA.0000000000001037
https://doi.org/10.1097/MCA.0000000000001037
https://doi.org/10.1111/eci.14100
https://doi.org/10.3390/ijms23179553
https://doi.org/10.3389/fcvm.2022.811790
https://doi.org/10.3389/fmed.2025.1572919
https://doi.org/10.1186/s12984-022-01091-7
https://doi.org/10.21037/jtd.2019.01.25
https://doi.org/10.2147/JIR.S454117
https://doi.org/10.1038/s41573-021-00198-1
https://doi.org/10.3389/fendo.2024.1406793
https://doi.org/10.3389/fcvm.2023.1200341
https://doi.org/10.1161/CIRCRESAHA.111.257535
https://doi.org/10.1038/s41569-019-0326-7
https://doi.org/10.1113/EP085567
https://doi.org/10.1093/jamia/ocz228
https://doi.org/10.1097/01.CCM.0000275267.64078.B0
https://doi.org/10.1111/biom.13249
https://doi.org/10.1016/j.cardiores.2004.05.001
https://doi.org/10.1016/j.numecd.2013.04.004
https://doi.org/10.1016/j.numecd.2013.04.004
https://doi.org/10.4196/kjpp.2014.18.1.1
https://doi.org/10.4196/kjpp.2014.18.1.1
https://doi.org/10.3389/fendo.2025.1732824
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Exploring the association between immune-inflammation index and carotid plaque formation: a cross-sectional study in a large Chinese health screening population
	Introduction
	Materials and methods
	Study design and population
	Demographic and clinical variables
	Carotid ultrasonography
	Statistical analysis

	Result
	Study population characteristics
	Univariate analysis of carotid plaque–associated factors
	Best subset regression analysis and model selection
	Internal validation and final model selection
	Model performance assessment

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


