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Association of systemic
inflammatory response index and
stroke: a cross-sectional study of
NHANES, 2005-2018

Aokai Tian, Yafang Zheng, Jing Jin and Chunyuan Huang*

Liaoning University of Traditional Chinese Medicine, Shenyang, Liaoning, China

Background: Many inflammatory markers like systemic immune-inflammatory
index (Sll), neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte ratio
(PLR) are associated with stroke. However, studies on the relationship between
stroke and systemic inflammatory response index (SIRI) are scarce. This study
was aimed at evaluating the potential association of SIRI with stroke.

Methods: Our cross-sectional study included adults with sufficient SIRI and
stroke data from the 2005-2018 National Health and Nutrition Examination
Survey (NHANES). We used multivariable logistic regression, interaction tests,
smoothed curve fitting, and subgroup analysis for assessing the independent
relationship between SIRI and stroke.

Results: Of 36,176 participants in this study, 1,414 (3.9%) had experienced a stroke.
In a fully adjusted model, the systemic inflammatory response index displayed
a significant and positive correlation with stroke (odds ratio [OR] = 1.09, 95%
confidence interval [Cl] = 1.04-1.15, p = 0.0006). Meanwhile, the odds of stroke
increased by 39% in the 4th quartile, relative to the 1st quartile (OR = 1.39, 95%
Cl =117-165, p = 0.0002). Additional interaction tests and subgroup analysis
revealed that age, sex, race, education, marriage, BMI (body mass index),
smoking, diabetes mellitus, hypertension, and coronary heart disease (CHD)
were not positively correlated (p interaction >0.05). Moreover, we also found a
nonlinear correlation between SIRI and stroke, with an inflection point of 2.17.

Conclusion: Our results indicate that SIRI is significantly and positively related to
stroke; however, its role in stroke needs to be further confirmed by large-scale
prospective studies.

KEYWORDS

systemic inflammatory response index, stroke, cross-sectional studies, NHANES,
inflammations

1 Introduction

Stroke is an acute cerebrovascular disorder that affects the cerebral blood supply and is
caused by occlusion or hemorrhage of blood vessels within the skull. They are classified into
ischemic and hemorrhagic strokes. Ischemic and hemorrhagic variants account for 80 and
20% of all strokes, respectively (1). Strokes are a substantial health concern, affecting a majority
of individuals worldwide (2). However, stroke ranks fifth among factors that cause mortality
in the USA. Every year, over 795,000 adults experience a stroke, and around 140,000 of them
die, accounting for one-twentieth of the nation’s total deaths (3). Males are more likely to have
a stroke than females (4), and the incidence is higher in women at younger ages, while in men,
it increases slightly with age (5). In recent years, the stroke onset age has become younger. This
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might be due to several modifiable risk factors like hypertension,
hyperlipidemia, diabetes mellitus, and smoking (6).

Based on peripheral blood cell counts, the Systemic
Inflammatory Response Index (SIRI), which combines the
numbers of neutrophils, monocytes, and lymphocytes, is an
inflammatory marker that assesses the body’s inflammatory state.
Notably, SIRI reflects a significant proinflammatory response
induced by monocytes and neutrophils, as well as a lymphocyte-
generated anti-inflammatory response (7). Numerous studies have
revealed that SIRI is a novel inflammatory indicator depicting the
clinical regression of various cardiovascular diseases, like
subarachnoid hemorrhage (aSAH) (8, 9), malignant cerebral
edema (MCE) (10), and heart valve disease (HVD) (11). It is
crucial for determining the prognosis of inflammation-related
diseases (12). In coronary heart disease (CHD) patients, the SIRI
index shows a positive relationsip to the degree of coronary artery
stenosis, making it a useful early screening indicator for assessing
stenosis severity (13).

Stroke is significantly associated with SIRI. A meta-analysis
demonstrated at acute ischemic stroke (AIS) patients with higher
SIRI levels upon admission showed a worse functional prognosis at
3 months (14). Wei et al. (15) discovered that increased SIRI level
was a risk factor associated with ischemic stroke recurrence.
According to Zhang et al. (16) SIRI was related to all-cause
mortality among stroke cases and had a predictive power that
exceeded that of traditional inflammatory indicators such as NLR,
PLR, Lymphocyte-monocyte ratio (LMR), and Red cell distribution
width (RDW). Additionally, Huang et al. also explored the
correlation of SIRI with clinical outcomes and prognostic indicators
in hospitalized stroke patients (17).

Although the association of SIRI with stroke has been evaluated
in Asian studies with small sample sizes; however, large-scale,
representative research from other countries/regions is lacking.
Prior research has linked SIRI to stroke incidence in patients with
hypertension and asthma (18, 19). However, these studies only
included hypertensive and asthmatic patients, so their results might
not reflect the association between SIRI and stroke incidence in the
general population. This study was aimed at investigating the
association between stroke and SIRI by using the National Health
and Nutrition Survey (NHANES) database.

Abbreviations: SIRI, Systemic inflammatory response index; NHANES, National
Health and Nutrition Examination Survey; NCHS, National Center for Health
Statistics; BMI, Body mass index; PIR, Income-to-Poverty Ratio; CRP, C-reactive
protein; ICH, Acute cerebral hemorrhage; AlS, Acute ischemic stroke; CHD,
Coronary heart disease; LDL, Low density lipoprotein; OX-LDL, Oxidized
low-density lipoprotein; Sll, Systemic immune-inflammatory index; NLR,
Neutrophil-lymphocyte ratio; PLR, Platelet-lymphocyte ratio; aSAH, Subarachnoid
hemorrhage; MCE, Malignant cerebral edema; HVD, Heart valve disease; LMR,
Lymphocyte-monocyte ratio; RDW, Red cell distribution width; MCQ, Medical
Condition Questionnaire; AF, Atrial fibrillation; SAP, Stroke-associated pneumonia;
PSCI, Post-stroke cognitive impairment; DAMPs, Damage-associated molecular
patterns; BBB, Blood-brain barrier; CNS, Central nervous system; ROS, Reactive
oxygen species; NO, Nitric oxide; VEGF, Vascular endothelial growth factor; CSF,

Critical cerebrospinal fluid.
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2 Materials and methods
2.1 Study participants

We used the NHANES data on stroke from 2005 to 2018. Conducted
by the National Center for Health Statistics (NCHS), this continuous
study covers general health and nutritional status data of US citizens. It
utilizes stratified, multistage probability sampling and is conducted every
2 years for sample representativeness. We gained approval for study
methods and informed consent from the NCHS Ethics Committee.
NHANES data can be obtained from https://www.cdc.gov/nchs/nhanes/.
Although we initially included 70,190 participants, we excluded 30,442
who lacked stroke data, 3,558 as they lacked lymphocyte counts, and 14
because of significant data outliers. All participating adults were > 20 years
old. Finally, we included 36,176 participants. Figure 1 displays the
participants’ selection procedure.

2.2 Assessment of stroke

Stroke information was acquired from self-report interview data
from the Medical Condition Questionnaire (MCQ). We asked the
following question: “Have you ever been explicitly told by a doctor or
health care professional that you have had a stroke?” Those who
responded “yes” had a stroke, whereas those who responded “no” did
not. The responses were used to divide participants into two categories:
stroke and non-stroke groups, respectively.

2.3 SIRI

We designated SIRI as the exposure variable. We measured
complete blood counts using the MEC autoanalyzer (Beckman
Coulter MAXM; Beckman Coulter Inc.). The lymphocyte, monocyte,
and neutrophil counts were represented by x 10* cells/uL (19). SIRI
was calculated: SIRI = (neutrophil number x monocyte number)/
lymphocyte number (20).

2.4 Covariates

We selected variables like age, sex, race, body mass index (BMI),
education, marital status, smoking, diabetes mellitus (yes/no), total
cholesterol level, hypertension (yes/no), CHD (yes/no), alcohol
consumption, family’s Poverty Income Ratio (PIR), taking aspirin,
C-reactive protein, arthritis and chronic bronchitis as observed covariates.
The four racial categories were non-Hispanic white, non-Hispanic black,
Mexican American, and others. Education was divided into three types
including less than high school, high school, and more than high school.
BMI was simultaneously grouped into <25, 25-30, and > 30 kg/m2.
Marital status was categorized into living alone, married, or with a partner.
Smoking was categorized into never smoking or smoking. If a person
smoked 100 cigarettes in their lifetime, they were considered to be never
smoking, while >100 cigarettes during a lifetime were considered as
smoking. Self-reports from questionnaires were used to collect data
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FIGURE 1
Flow chart for inclusion and exclusion of participants in the analysis. NHANES, National Health and Nutrition Examination Survey

regarding diabetes mellitus, CHD, hypertension, taking aspirin, arthritis
and chronic bronchitis. The covariate “taking aspirin” was surveyed from
NHANES 2011-2018; the covariate “C-reactive protein” was surveyed
from NHANES 2005-2010.

2.5 Statistical analysis

Significance was set as p<0.05 using R (version 4.1.3) and
EmpowerStats (version 2.0). Continuous and categorical data were
indicated by mean + standard deviation (SD) and percentages,
respectively. We compared differences in stroke vs. non-stroke groups by
chi-square tests or t-tests for categorical and continuous data, respectively.
QOdds ratio (OR) with 95% confidence intervals (CI) of SIRI with stroke
were generated by multivariate logistic regression. Multivariate testing
generated three models: model 1 had no adjustments for any variable;
model 2 had adjustments for age, sex, and ethnicity, and in model 3, all
varijables like were adjusted. Nonlinear correlations between SIRI and
stroke were assessed using smoothed curve fitting. We evaluated subgroup
analyses based on age, sex, ethnicity, education, marriage, BMI, smoking,
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hypertension, diabetes mellitus, CHD, taking aspirin, C-reactive protein,
arthritis and chronic bronchitis for heterogeneity of associations between
subgroups by adding an interaction term. Furthermore, we utilized either
plurality or median interpolation for categorical and continuous data for
missing values, respectively.

3 Results
3.1 Basic patient features

The average age of 36,176 participants was 49.69 + 17.85 years. Males
and females comprised 48.32 and 51.68% of the population, respectively.
Participants’ mean SIRI value was 1.24 + 0.88. The SIRI values were
1.55 + 1.12 for stroke patients and 1.23 + 0.87 for non-stroke patients,
indicating that the higher the SIRI value, the higher the prevalence of
stroke. Of the 1,414 stroke patients, 48.66% were males and 51.34% were
females. Compared with subjects without a stroke, participants with
stroke displayed lower total cholesterol levels, consumed less alcohol, had
lower household incomes, were more non-Hispanic white, were married
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TABLE 1 Basic characteristics of participants by stroke classification.

Characteristics Stroke NO
N = 34,762

Age (years) 49.69 +17.85 66.43 +13.06 49.01 £ 17.69 <0.001
Gender, 1 (%) 0.796
Male 17,480 (48.32%) 688 (48.66%) 16,792 (48.31%)

Female 18,696 (51.68%) 726 (51.34%) 17,970 (51.69%)

Race, n (%) <0.001
Non-Hispanic white 15,301 (42.30%) 714 (50.50%) 14,587 (41.96%)

Non-Hispanic black 7,584 (20.96%) 383 (27.09%) 7,201 (20.72%)

Mexican American 5,724 (15.82%) 128 (9.05%) 5,596 (16.10%)

Other races 7,567 (20.92%) 189 (13.37%) 7,378 (21.22%)

Education level, n (%) <0.001
<High school 9,060 (25.04%) 485 (34.30%) 8,575 (24.67%)

High school 8,266 (22.85%) 381 (26.94%) 7,885 (22.68%)

>High school 18,850 (52.11%) 548 (38.76%) 18,302 (52.65%)

Marital status, n (%) <0.001
Married over living with a partner 21,657 (59.87%) 717 (50.71%) 20,940 (60.24%)

live alone 14,519 (40.13%) 697 (49.29%) 13,822 (39.76%)

BMI (kg/m?), 1 (%) <0.001
<25 10,271 (28.39%) 329 (23.27%) 9,942 (28.60%)

>25,<30 12,284 (33.96%) 499 (35.29%) 11,785 (33.90%)

>30 13,621 (37.65%) 586 (41.44%) 13,035 (37.50%)

Hypertension, 7 (%) <0.001
No 23,205 (64.14%) 339 (23.97%) 22,866 (65.78%)

Yes 12,971 (35.86%) 1,075 (76.03%) 11,896 (34.22%)

Smoking, n (%) <0.001
Never 20,065 (55.46%) 561 (39.67%) 19,504 (56.11%)

Ever 16,111 (44.54%) 853 (60.33%) 15,258 (43.89%)

Diabetes, 1 (%) <0.001
No 30,642 (84.70%) 883 (62.45%) 29,759 (85.61%)

Yes 5,534 (15.30%) 531 (37.55%) 5,003 (14.39%)

(Continued)
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TABLE 1 (Continued)

Characteristics Stroke YES Stroke NO

N =1414 N = 34,762
Coronary heart disease, n (%) <0.001
No 34,699 (95.92%) 1,161 (82.11%) 33,538 (96.48%)
Yes 1,477 (4.08%) 253 (17.89%) 1,224 (3.52%)
Family PIR (mean + SD) 247 £ 1.55 2.06 £ 1.34 2.49 + 1.56 <0.001
Total cholesterol (mg) 192.95 + 41.47 183.57 + 45.65 193.34 + 41.25 <0.001
Alcohol consumption (mean + SD) 2.85+27.23 2.23 +£26.57 2.87 £27.25 <0.001
Arthritis, n (%) <0.001
Yes 9,842 (27.21%) 803 (56.79%) 9,039 (26.00%)
No 26,334 (72.79%) 611 (43.21%) 25,723 (74.00%)
Chronic bronchitis, 7 (%) <0.001
Yes 2,100 (5.80%) 177 (12.52%) 1923 (5.53%)
No 34,076 (94.20%) 1,237 (87.48%) 32,839 (94.47%)
Taking Aspirin, n (%) 0.779
NHANES, 2011-2018
Yes 484 (5.47%) 14 (5.88%) 456 (5.46%)
No 8,115 (94.53%) 224 (94.12%) 7,891 (94.54%)
SIRI (mean + SD) 1.24+£0.88 1.55+1.12 1.23 £0.87 <0.001
CRP (mg/dL) 0.45+0.82 0.67 £ 1.31 0.44 £ 0.80 <0.001
NHANES,2005-2010
SIRI (mean + SD) 1.23+0.84 1.51 +1.08 1.22+0.84 <0.001

NHANES, 2005-2010

PIR, Ratio of family income to poverty; BMI, body mass index; SIRI, Systemic inflammatory response index; CRP, C-reactive protein.
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TABLE 2 Association of systemic inflammatory response index with stroke.

Model 1 [OR
(95% ClI)]

Exposure

p-value

Model 2 [OR
(95% CI)]

10.3389/fneur.2025.1538352

Model 3 [OR
(95% ClI)]

p-value p-value

SIRI (continuous) 1.32(1.26, 1.38) <0.0001 1.19 (1.13, 1.24) <0.0001 1.08(1.03, 1.14) 0.0022
SIRI (quartile)

Quartile 1 reference reference reference

Quartile 2 1.04 (0.87, 1.24) 0.6369 1.06 (0.88, 1.27) 0.5401 1.02 (0.85, 1.23) 0.8301
Quartile 3 1.41 (1.20, 1.66) <0.0001 1.32(1.11, 1.58) 0.0015 1.17 (0.98, 1.39) 0.0908
Quartile 4 2.29 (1.96, 2.66) <0.0001 1.74 (1.48, 2.06) <0.0001 1.37 (1.15, 1.63) 0.0003
P for trend 1.79 (1.64, 1.96) <0.0001 1.46 (1.33, 1.61) <0.0001 1.25(1.13,1.38) <0.0001

Model 1: no covariates were adjusted. Model 2: age, gender, and race were adjusted. Model 3: gender; age; race; Education level; Marital status; PIR; BMI; Total cholesterol.; Alcohol

consumption; Hypertension; smoking; Diabetes; Coronary heart disease; arthritis and chronic bronchitis were adjusted.

PIR, Ratio of family income to poverty; BMI, body mass index; SIRI, Systemic inflammatory response index.

and cohabitating, had a higher BMI, were more hypertensive, smoked
more and had lower levels of diabetes mellitus as well as coronary artery
disease (CAD), More arthritis, less chronic bronchitis, taking less aspirin,
higher C-reactive protein,respectively (Table 1). In addition, we compared
SIRI with other biomarkers of systemic inflammation such as C-reactive
protein (CRP). Due to database limitations, C-reactive protein (CRP) data
were missing from 2011 to 2018, so data from SIRI and CRP from 2005
to 2010 were screened for the survey. The results showed that SIRI and
CRP were significantly higher in stroke patients than in

non-stroke patients.

3.2 Correlation of SIRI with stroke

Table 2 shows the multivariate regression analysis of SIRI with stroke.
In model 1, no covariates were adjusted. SIRI was positively correlated
with stroke (OR = 1.32; 95%CI:1.26-1.38; p < 0.0001), suggesting a 32%
increase in stroke prevalence for each 1-unit elevation of SIRI. In model
2, age, gender, and race were adjusted. SIRI was positively correlated with
stroke (OR =1.19; 95%CI:1.13-1.24; p <0.0001), suggesting a 19%
increase in stroke prevalence for each 1-unit elevation of SIRI. In model
3, gender; age; race; Education level; Marital status; PIR; BMI; Total
cholesterol; Alcohol consumption; Hypertension; smoking; Diabetes;
Coronary heart disease; arthritis and chronic bronchitis were adjusted.
This positive correlation remained constant in model 3 (OR = 1.08; 95%
CI: 1.03-1.14; p = 0.0022), suggesting a 8% increase in stroke prevalence
for each 1-unit elevation of SIRI. For sensitivity analyses, we also
converted SIRI from continuous data into categorical data (quartiles). The
risks of suffering a stroke in model 1 were 41% higher in quartile 3,
relative to quartile 1. The comparison of quartiles 1 and 2 (OR = 1.04; 95%
CI: 0.87-1.24; p = 0.6369) did not differ statistically (p > 0.05). In Model
2, quartile 3 and quartile 4 had significantly increased odds of having a
stroke by 32 and 74%, respectively, compared to quartile 1. The
comparison of quartiles 1 and 2 (OR=1.06; 95% CI: 0.88-1.27;
p =0.5401) did not differ statistically (p > 0.05). The risks of suffering a
stroke in model 3 were 37% higher in quartile 4, relative to quartile 1.
Nevertheless, the comparison of quartiles 1 and 2 (OR = 1.02; 95% CI:
0.85-1.23; p=0.8301) did not differ statistically with quartile 3
(OR =1.17; 95% CI: 0.98-1.39; p = 0.0908).

To further investigate the variables affecting the association
between SIRI and stroke, we stratified the analysis according to age,
gender, race, education, marriage, BMI, smoking, hypertension,
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diabetes mellitus, coronary heart disease, taking aspirin, C-reactive
protein, arthritis, and chronic bronchitis (Table 3). The results showed
all variables (p interaction >0.05), which indicated that the relationship
between SIRI and stroke was not statistically different between strata.
It indicates that these variables had no significant effect on the positive
correlation of the relationship between SIRI and stroke (p interaction
>0.05). However, there were significant positive associations in age,
gender, other race, education level above high school, marriage, BMI
>30 (kg/m2), having hypertension, smoking, no diabetes, no coronary
heart disease, arthritis, and no chronic bronchitis.

Then, using smoothed curve fitting, nonlinear associations between
SIRI and stroke were shown (Figure 2). The results showed an inverted
U-shaped relationship between SIRI and stroke. The association between
SIRI and stroke was significantly positive before the inflection point and
negative after the inflection point. Then, a threshold effect analysis of the
relationship between SIRI and stroke using R (version 4.1.3) and
EmpowerStats (version 2.0) yielded an inflection point of 2.17 for the
nonlinear relationship between SIRI and stroke. The results showed that
the risk of stroke was highest when the SIRI value was 2.17 (Table 4).The
adjustment variables were age, sex, race, education, marriage, BMI, total
cholesterol level, alcohol consumption, smoking, diabetes, hypertension,
CHD, arthritis and chronic bronchitis.

4 Discussion

In this cross-sectional study including 36,176 subjects,
we indicated that SIRI was positively associated with stroke. Moreover,
interaction tests and subgroup analysis showed a similar relation
across population settings. With an inflection point of 2.17, an
inverted U-shaped correlation was observed between SIRI and stroke.

To date, SIRI is crucial for predicting cardiovascular and
cerebrovascular diseases. A study by Huang (21) showed that an increased
SIRI index predicted a greater stroke severity. Moreover, SIRI can
be applied as a prognostic indicator for AIS patients and as an independent
predictor of AIS (22-24). Conversely, higher SIRI (>4.57) can
independently predict the mortality of AIS cases (25). Additionally, SIRI
is also helpful in predicting other stroke-related diseases. Lin et al. (26)
found that SIRI can be conveniently used for predicting atrial fibrillation
(AF) risk among ischemic stroke patients. Dan et al. (27) suggested that
SIRI can effectively predict stroke-associated pneumonia (SAP), especially
in AIS patients with SIRI levels (>2.74), requiring increased vigilance for
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TABLE 3 Subgroup analysis of systemic inflammatory response index and stroke.

10.3389/fneur.2025.1538352

SIRI [OR (95%Cl)] p for interaction
Age 0.2246
< 60 years 1.19 (1.08, 1.31)

> 60 years 1.11 (1.05, 1.17)

Gender, 1 (%) 0.3663
Male 1.07 (1.00, 1.15)

Female 1.12 (1.04, 1.21)

Race, n (%) 0.1988
Non-Hispanic White 1.06 (0.99, 1.13)

Non-Hispanic Black 1.09 (0.97, 1.22)

Mexican American 1.16 (0.99, 1.35)

Other race 1.24 (1.09, 1.43)

Education level, n (%) 0.4930
<High school 1.09 (0.99, 1.19)

High school 1.04 (0.94, 1.15)

>High school 1.12 (1.04, 1.21)

Marital status, 7 (%) 0.6018
Married over living with a partner 1.11 (1.03, 1.19)

live alone 1.08 (1.01, 1.16)

BMI (kg/m?) 0.5790
<25 1.07 (0.97, 1.17)

>25,<30 1.08 (0.99, 1.17)

>30 1.13 (1.04, 1.23)

Hypertension, n (%) 0.5082
No 1.06 (0.95, 1.19)

Yes 1.11 (1.04, 1.17)

Smoking, 1 (%) 0.3617
Never 1.13 (1.04, 1.24)

Ever 1.08 (1.01, 1.15)

Diabetes, 1 (%) 0.1926
No 1.12 (1.05, 1.19)

Yes 1.04 (0.96, 1.14)

Coronary heart disease, 1 (%) 0.4421
No 1.11 (1.05, 1.18)

Yes 1.06 (0.94, 1.18)

Arthritis, n (%) 0.8697
Yes 1.09 (1.02, 1.16)

No 1.10 (1.01, 1.19)

Chronic bronchitis, n (%) 0.7984
Yes 1.08 (0.95, 1.21)

No 1.09 (1.03, 1.16)

Taking Aspirin, n (%) 0.5439

NHANES, 2011-2018

Yes

0.88 (0.43, 1.80)

No

1.10 (0.96, 1.25)
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TABLE 3 (Continued)

[OR (95%Cl)]

10.3389/fneur.2025.1538352

p for interaction

CRP(mg/dL)NHANES, 2005-2010

0.4294

CRP < 0.45

1.03 (0.89, 1.18) ‘

CRP > 0.45

1.11 (0.99, 1.24) ‘

Gender; Age; Race; Education level; Marital status; PIR; BMI; Total cholesterol.; Alcohol consumption; Hypertension; smoking; Diabetes; Coronary heart disease; arthritis and chronic

bronchitis were adjusted.

PIR, Ratio of family income to poverty; BMI, body mass index; SIRI, Systemic inflammatory response index; CRP, C-reactive protein.
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FIGURE 2
Nonlinear relationship between SIRI and stroke. The solid red line shows a smooth curve fit between the variables. The 95% confidence intervals from
the fit are shown by the blue bars.

TABLE 4 Application of Linear regression modeling to analyze the
threshold effect of SIRI on stroke.

Adjusted OR (95% ClI)

p-value
Inflection point 2.17
SIRI<2.17 1.28 (1.15, 1.43)

SIRI > 2.17 0.97 (0.89, 1.06)

Log likelihood ratio <0.001

Gender; Age; Race; Education level; Marital status; PIR; BMI; Total cholesterol.; Alcohol
consumption; Hypertension; smoking; Diabetes; Coronary heart disease; arthritis and
chronic bronchitis were adjusted.

SIRI, Systemic inflammatory response index.

the risk of SAP. Min et al. (28) also suggested an association between
elevated SIRI and post-stroke cognitive impairment (PSCI); using SIRI as
a predictor could help in the early risk identification of PSCI. All these
studies suggest that enhanced SIRI monitoring can improve the prognosis
of stroke patients. A study which was performed by Adalet et al. (29)
found that SIRI values increased in hemorrhagic stroke compared with
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ischemic stroke. Moreover, hemorrhagic stroke patients displayed an
increased mortality rate, relative to ischemic stroke patients. This suggests
that inflammation is more pronounced in hemorrhagic stroke patients.
Our study confirmed a positive relationship between stroke and SIRI in
model 1; this positive correlation was maintained in model 3 also. In the
smoothed curve fit, the inflection point for SIRI and stroke was 2.17.
According to Table 4, the association between SIRI and stroke was
significantly and positively correlated on the inflection point’s left side,
while a non-significant negative correlation was observed on its right side.
However, the absence of correlation on the right side suggested a
significant effect of SIRI and stroke threshold. In conclusion, our findings
reconfirm the previous results and lay the foundation for the
characterization of the impact of SIRI on stroke.

Inflammation is crucial for stroke development. It is a definitive
pathway for the formation, growth, and rupture of atherosclerotic
plaques (30) and initiates the development of thrombotic events (31).
Early plaque formation is characterized by the migration of monocytes
attached to vascular endothelium to arterial intima and transform into
macrophages (32, 33). Stroke is caused by the destabilization of
atherosclerotic plaques, a process closely linked to the infiltration of
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monocytes, macrophages, and T cells (34). Additionally, Esenwa et al.
(35) showed that the association of stroke with accelerated
proinflammatory disease development is associated with inflammatory
response activation. Shi et al. (36) suggested that stroke impairs factors
like damage-associated molecular patterns (DAMPs), responsible for
localized inflammation in damaged brain regions. Xia and Peter et al.
(37, 38) concluded that inflammation is essential in diverse stroke-
related diseases. The possible benefits induced by anti-inflammatory
targets for preventing secondary stroke, like anti-inflammatory
therapy, can decrease vascular events like stroke among CAD cases.
Anrather et al. (39) revealed that anti-inflammatory treatment is
effective for managing ischemic stroke as they have a greater treatment
window relative to reperfusion approaches. Moreover, Jalil et al. (40)
discussed neuroinflammation’s effect on ischemic stroke pathology,
concentrating on the blood-brain barrier (BBB) and central nervous
system (CNS) interactions with peripheral immune response. They
also provided an exhaustive overview of the mechanisms of
inflammation-driven injury, including oxidative stress, increased
MMP (matrix metalloproteinase) production, microglial cell
activation, and infiltration of peripheral immune cells into the
ischemic tissues. Thus, these studies corroborate the importance of
inflammation in stroke development and emphasize the value of
inflammatory responses for treating and preventing stroke. A novel
inflammation indicator, SIRI is relatively inexpensive, easy to calculate,
and exerts a superior predictive role in cardiovascular and
cerebrovascular disease, compared with traditional indicators. It
integrates the absolute values of peripheral blood neutrophils,
monocytes, and lymphocytes, thereby reflecting the body’s immune-
inflammatory status of the body more comprehensively.

The potential mechanisms behind the positive correlation between
SIRI and stroke have not been well elucidated. The following are some
of the possible mechanisms. A series of inflammatory responses are
triggered after stroke, especially ischemic stroke (41). These responses
include microglia and astrocyte activation, which in turn release
cytokines, chemokines, MMPs, reactive oxygen species (ROS), as well
as nitric oxide (NO). Jointly, these reactions exacerbate the brain tissue
injury and disrupt BBB (42). During AIS, BBB disruption is
accompanied by enhanced brain edema, in which neutrophils are
initially produced in the infarct core and semidark zone regions (43).
They release inflammatory factors that damage endothelial cells and
basement membranes, respectively (44). Monocytes migrate early,
infiltrate into the damaged area, and differentiate into macrophages in
response to oxidized low-density lipoprotein (OX-LDL), capable of low
density lipoprotein (LDL) phagocytosis and formation of foam cells,
which in turn release various inflammatory mediators (45).
Additionally, activated monocytes secrete vascular endothelial growth
factor (VEGF) to stimulate vascular permeability and disrupt BBB (46).
Meanwhile, lymphocyte concentration increases post-ischemic stroke
and exerts a key effect on the AIS pathogenesis by modulating brain
inflammation via proinflammatory cytokine production and poststroke
cytotoxicity (47). Lymphocyte-endothelial cell interactions can also
promote microvascular dysfunction and inflammatory factor
production, resulting in neuronal cell death and BBB disruption (48).
Among the T lymphocytes, helper T cells (CD4* T cells) serve as
biomarkers for predicting stroke outcomes. Studies have shown that
CD4" T cells act as immunomodulators after a stroke and display a
protective effect when coping with inflammatory brain damage (49).
Following a stroke, CD8" T cells, another type of cytotoxic T cells, also
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show a marked response, growing quickly and remaining at high levels.
Several cytokines and stroke-related neuroinflammation might lead to
changes in CD8" T-cell subsets (50). Furthermore, an increase in T-cell
subsets may cause recurrence and death post-ischemic stroke (51). In
acute cerebral hemorrhage (ICH), glial cell activation and cell death
induce an inflammatory cascade damaging vascular and parenchymal
tissues post-hemorrhage (52). The inflammatory immune response’s
pathophysiological mechanisms exacerbate brain damage after
ICH. Both resident immune cells (like astrocytes and microglial cells)
as well as circulating immune cells, i.e., lymphocytes and neutrophils
are related to inflammation (53). Furthermore, Perez et al. (54) showed
that local and systemic inflammatory responses were activated with an
enhanced neutrophil concentration after an ICH episode. The
monocyte counts on day 7 post-admission correlated with the ICH
volume. Moreover, Zhu et al. (55) showed that, in critical cerebrospinal
fluid (CSF) patients, an elevated level of CD3* T lymphocytes was
significantly correlated with severe cerebral hemorrhage in the
postoperative period. Thus, the above-mentioned studies showed
changes in neutrophil, monocyte, as well as lymphocyte counts
after stroke.

This study had the following strengths. Its large sample size and
appropriate covariate adjustment enhanced the study’s reliability and
representativeness. Nevertheless, this study had a few limitations. Our
cross-sectional design did not help determine the causality. Therefore,
large prospective studies are warranted to explore this relationship.
Although we had adjusted many confounders, we could not rule out
whether our results were influenced by other unaccounted
confounders. For example, the diagnosis of stroke is defined in this
paper by surveying each patient to report whether they have ever been
told they had a stroke, without objective indicators such as imaging,
clinical history, and other such information. This may therefore lead
to bias (memory or categorization). We were unable to include these
parameters in our study because they were not recorded in NHANES
due to database limitations.

5 Conclusion

To conclude, our results indicate that SIRI is significantly
correlated with stroke. As an indicator of systemic inflammatory
status, SIRI is crucial for the stroke pathophysiologic process. Since
we could not establish a causal relationship, future research requires
additional large-scale prospective studies to confirm our findings.
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