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Abstract 

Background  Stroke stands as the second leading cause of death worldwide. Currently, extensive research has been 
conducted on stroke risk factors. However, when stroke patients contend with multiple risk factors, the impact on clin-
ical indicators remains uncertain.

Objectives  This study seeks to investigate potential significant variations among distinct ranges of clinical indicators 
in instances where stroke patients experience multiple risk factors and various ischemic stroke subtypes.

Material and methods  The research encompassed 440 stroke patients admitted to the First People’s Hospital 
of Wenling City, Zhejiang Province, China. These patients were classified based on the type and quantity of risk factors 
and subtypes of ischemic stroke they presented. The χ2 test was employed to assess the relationship between the risk 
of comorbid diseases and clinical indicators in stroke patients.

Results  The results of our study have underscored a significant correlation between various comorbid risk factors 
in stroke patients and the patients’ age (P < 0.010). Furthermore, we observed noteworthy disparities in the plasma lev-
els of IL-2, IL-4, IL-6, IL-10, TNF-α, and INF-γ between patients devoid of risk factors and those presenting with comor-
bid risk factors associated with stroke. Significant differences in INF-γ were observed between the two subtypes 
of ischemic stroke, namely lacunar infarction and cardioembolic stroke.

Conclusion  Age is correlated with an elevated risk of stroke. Individuals exhibiting multiple stroke risk factors 
and diverse ischemic stroke subtypes commonly present with abnormal lipid levels and imbalances in Th1/Th2 
cytokines. These factors significantly contribute to the onset and progression of stroke. Furthermore, inflammatory 
responses, particularly those induced by atherosclerosis, play a pivotal role in the genesis of stroke and exert a sub-
stantial influence on its prognosis.
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Introduction
Stroke, a formidable global health challenge, ranks as 
the second leading cause of death worldwide, account-
ing for a staggering fatalities [1]. It manifests as either a 
cerebral hemorrhage or ischemic event, inflicting dam-
age upon cerebral blood vessels and precipitating local-
ized or widespread brain tissue impairment, as evidenced 
by research [2, 3]. Stroke is classified into two main types 
based on the nature of blood vessel damage: ischemic 
stroke and hemorrhagic stroke [2]. Ischemic stroke, con-
stituting 71% of all strokes globally occurs when blood 
flow to the brain is obstructed [2, 4]. Stroke is a multifac-
eted affliction, influenced by a myriad of factors encom-
passing those beyond one’s control, such as age, gender, 
genetics, and birth weight, as well as modifiable factors, 
including hypertension, diabetes, dyslipidemia, atrial 
fibrillation, smoking, excessive alcohol consumption, 
obesity, and physical inactivity [1] Timely recognition 
and diligent management of these risk factors consti-
tute pivotal strategies in the prevention and treatment of 
stroke.

Notably, research findings underscore that when indi-
viduals grappling with stroke concurrently exhibit two or 
more risk factors, their susceptibility to adverse outcomes 
is exponentially heightened [5]. Consequently, conduct-
ing a comprehensive assessment and proficiently manag-
ing clinical indicators among stroke patients harboring 
one or more risk factors significantly contributes to their 
therapeutic journey and overall prognosis. Among the 
diverse spectrum of stroke risk factors, hypertension 
reigns supreme as the foremost contributor [6]. Hyper-
tension substantially amplifies the risk of atherosclerosis, 
culminating in the formation of atherosclerotic plaques 
that can precipitate intra-arterial embolisms or acute cer-
ebrovascular occlusions, thereby instigating stroke events 
[7].

Diabetes Mellitus represents a chronic metabolic dis-
order characterized by hyperglycemia, with studies une-
quivocally revealing a heightened ischemic stroke risk 
among diabetic patients compared to their non-diabetic 
counterparts [8, 9]. Furthermore, acute ischemic strokes 
may precipitate abrupt spikes in blood sugar levels, 
impinging upon treatment efficacy and prognostic out-
comes [10].

Atrial fibrillation a prevalent cardiac arrhythmia, sig-
nificantly elevates the risk of ischemic stroke [11]. In con-
trast to stroke patients without atrial fibrillation, those 
with this arrhythmia face a twofold greater risk of disabil-
ity and mortality, with atrial fibrillation intricately inter-
twined with unfavorable prognostic trajectories in stroke 
patients [12].

Hyperlipidemia can perturb vascular endothelial func-
tion and disrupt the equilibrium of pro-fibrinolytic and 

antithrombotic factors, thereby fostering structural ves-
sel wall damage and functional aberrations, thus instigat-
ing the atherosclerotic cascade leading to stroke onset 
[13, 14].

Hyperhomocysteinemia emerges as a closely correlated 
factor in stroke [15–18]. Notably, hyperhomocysteinemia 
is significantly intertwined with deficiencies in essential 
vitamins [19]. Insufficient vitamin B12 levels precipitate 
perturbations in immune homeostasis, potentially pav-
ing the way for atherosclerotic diseases that can culmi-
nate in strokes [20]. The dearth of vitamin B12 can also 
intricately shape stroke pathogenesis, its severity, and 
ultimate prognostic outcomes [21].

Ischemic stroke typically arises from a blood clot or 
embolism, leading to a disruption in the blood supply to 
a specific area of the brain [22]. Blood biomarkers play a 
crucial role in the etiology of diverse ischemic stroke sub-
types [23]. They can instigate inflammatory responses, 
thrombosis, and antifibrinolysis, exacerbate atheroscle-
rosis, and cause damage to endothelial cells [24]. Con-
sequently, these biomarkers contribute to a more severe 
neurological outcome following an ischemic stroke event 
[22].

While numerous studies have underscored the pivotal 
role of various clinical indicators in distinct ischemic 
stroke subtypes and highlighted the substantial impact of 
the coexistence of one or more risk factors on the treat-
ment and prognosis of stroke patients, there is a paucity 
of research on potential differences among the ranges of 
clinical indicators in patients with stroke who concur-
rently harbor one or more risk factors and suffer from 
varying ischemic stroke subtypes. This study seeks to 
investigate whether stroke patients, burdened with multi-
ple risk factors, exhibits significant differences in clinical 
indicators across diverse ischemic stroke subtypes. The 
objective is to furnish insights that could pave the way for 
effective personalized treatments tailored to the needs of 
stroke patients grappling with multiple risk factors.

Materials and methods
Study population
A comprehensive cohort of 440 stroke patients was 
meticulously gathered from the First People’s Hospital 
of Wenling City, Zhejiang Province, China, spanning the 
period from February 2021 to February 2023. These indi-
viduals exhibited a broad age spectrum, spanning from 
15 to 93 years, with a mean age of 68 years. Notably, one 
sample within the dataset lacked critical clinical informa-
tion, while gender data for two samples were also incom-
plete. The gender distribution within the study cohort 
comprised 302 males and 135 females. It is paramount 
to underscore that this study was conducted under the 
auspices of approval from the Ethics Review Committee 
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of Wenling First People’s Hospital (Approval Number: 
KY-2019-2091-01), and prior to inclusion, all subjects, 
and their respective families, provided unequivocal 
informed consent.

Diagnostic criteria and definitions
Screening for risk factors was conducted based on well-
defined diagnostic criteria. Hypertension: Diagnosed 
when diastolic blood pressure (DBP) registered ≥ 90 mm 
Hg, systolic blood pressure (SBP) exceeded 140  mm 
Hg, as evidenced by three separate measurements, and/
or when patients were actively receiving antihyperten-
sive medications within a 2  week timeframe. Diabe-
tes: Confirmed in cases of fasting blood glucose (FBG) 
levels ≥ 7.0  mmol/L, 2  h postprandial blood glucose 
(2  h-FBG) levels ≥ 11.1  mmol/L, or postprandial hemo-
globin (HbA1c) levels reaching or surpassing 6.5%. 
Atrial Fibrillation: Ascertained in individuals exhibit-
ing atrial fibrillation or manifesting obvious irregu-
lar heartbeat patterns [25]. Hyperlipidemia: Defined 
by an amalgamation of metrics, including total cho-
lesterol (TC) levels ≥ 5.72  mmol/L, triglyceride (TG) 
levels ≥ 1.70  mmol/L, high-density low lipoprotein cho-
lesterol (HDL-C) levels < 1.0  mmol/L, and low-density 
lipoprotein cholesterol (LDL-C) levels ≥ 3.4  mmol/L. 
Hyperhomocysteinemia: Noted when Hyperhomocyst-
einemia levels measured ≥ 15  μmol/L. It is pertinent to 
recognize the close linkage between Hyperhomocyst-
einemia and a spectrum of conditions [15–18]. These 
stringent diagnostic criteria and definitions served as the 
foundation upon which risk factors were identified and 
analyzed within the study cohort, furnishing a robust 
framework for investigation and assessment.

Inclusion criteria
The criteria for participant inclusion in this study adhere 
to the standards established in 2018 [26]. The collected 
demographic information encompasses key aspects 
such as age, gender, and education level. The focus of 
investigation extends to risk factors associated with 
stroke, including hypertension, diabetes, atrial fibrilla-
tion, hyperlipidemia, and hyperhomocysteinemia. The 
TOAST (Trial of Org 10172 in Acute Stroke Treatment) 
study [27] focuses on the ischemic stroke subtype classifi-
cation, delineating categories such as large artery athero-
sclerosis, lacunar infarction, cardioembolic, unexplained 
infarction, and infarction of unusual etiology [28] (As 
show in Table 1 and Fig. 1).

Lymphocyte subset detection
To evaluate lymphocyte subsets, flow cytometry was 
employed to detect distinct cell populations within the 
test sample, including total T cells (CD3), helper T cells 

(CD4), suppressor T cells (CD8), B cells (CD19), and 
NK (CD56) cells. To facilitate this, 5 μl of CD45/CD4/
CD8/CD3 (FITC/RD1/ECD/PC5) antibody (Beckman 
Coulter, Inc., Brea, California, USA) and 5 μl of CD45/
CD56/CD19/CD3 (FITC/RD1/ECD/PC5) antibodies 
were added to two separate flow sample tubes. Subse-
quently, 100 μl of EDTA-K2 anticoagulant blood (Gong-
dong Medical Co., Ltd., Taizhou, Zhejiang, China) was 
introduced to each tube, followed by thorough mixing 
and incubation in darkness for 20  min. Subsequently, 
0.5 ml of hemolysin was added to each tube, thoroughly 
mixed, and incubated at room temperature (18–25 °C) 
in darkness for an additional 10  min. Afterward, cen-
trifugation at 3000  rpm for 5  min was performed to 
discard the supernatant, and 500  μl of PBS solution 
(Beckman) was added, vortexed, and mixed. Finally, 
the machine was employed to carry out the detection 
process.

Th1/Th2 lymphocyte cytokine detection
The capture microsphere mixture (A) sourced from 
the kit (Cell-genebio Co., Ltd., Hangzhou, Zhejiang, 
China) was meticulously prepared by vortexing and 
subsequently placing 25  μl into a sample tube, which 
was appropriately labeled. Post-centrifugation at 2000 
rpm for 5 min, the supernatant was discarded, and the 
microspheres were re-suspended in an equal volume of 
liquid from microsphere buffer (H) (cell-genebio). Vor-
texing was employed to ensure uniformity, followed by 
incubation in darkness for 30  min. The standard tube 
(B) (cell-genebio) from the kit was then removed and 
transferred to the sample tube. Following this, 2 ml of 
sample diluent was introduced, left to stand for 15 min, 
and marked as the highest standard concentration. 
The preparation of diluted standards and test samples 
adhered to experimental requisites. Subsequently, an 
appropriate quantity of fluorescence detection reagent 
(C) (cell-genebio) was added to all standard and test 
sample tubes. Capture microspheres that had under-
gone incubation were extracted, thoroughly mixed, and 
introduced into all standard and test sample tubes. Vor-
texing ensured homogeneity, followed by incubation at 
room temperature in darkness for 2.5  h. Post-incuba-
tion, each tube was subjected to washing by adding an 
adequate amount of PBS solution, followed by centrifu-
gation at 2000 rpm for 5 min, with subsequent superna-
tant discarding. A final step included adding 100 μl PBS 
solution to each tube, resuspending by shaking, and 
utilizing the machine for data acquisition. The acquired 
data were imported into FCAP (3.0.1) (Beckman) soft-
ware for standard curve generation and measurement 
of test sample results.
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Measurement of blood lipid indicators
For the measurement of blood lipid indicators, venous 
blood was collected in the early morning after a fasting 

period of 8–10 h, followed by centrifugation at 4000 rpm 
for 10 min. The supernatant was then retrieved, and tri-
glycerides (TG), low-density lipoprotein (LDL), and 

Fig. 1  Flowchart of correlation between stroke patients and clinical indicators. Our study classified stroke patients into single and multiple risk 
factor groups, considering hypertension, diabetes, hyperlipidemia, atrial fibrillation, and hyperhomocysteinemia. Co-morbidity denotes stroke 
presence with multiple risk factors. Additionally, we conducted screenings on patients presenting with specific subtypes of ischemic stroke 
within the larger cohort of stroke patients. Our study delineates three primary subtypes of ischemic stroke: lacunar infarction, cardioembolic, 
and large artery atherosclerosis. Clinical indicators were grouped into lymphatic subcellular, Th1/Th2 lymphocyte factor, blood lipid, 
and anticardiolipin antibody tests. We used the χ2 test to assess the correlation between comorbid disease risk and clinical indicators in stroke 
patients
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high-density lipoprotein (HDL) levels were determined 
using the Beckman Coulter AU5800 Automatic Bio-
chemical Analyzer (Beckman).

Antiphospholipid antibody indicator determination
The evaluation of antiphospholipid antibody indicators 
was executed utilizing a chemiluminescence instrument 
(iFlash 3000-C) (YHLO Co., Ltd., Longgang, Shenzhen, 
China) in conjunction with an antiphospholipid antibody 
detection kit (YHLO). This encompassed the determi-
nation of various parameters, including anticardiolipin 
antibody (aPL-IgA), anticardiolipin antibody (aPL-IgG), 
anticardiolipin antibody (aPL-IgM), anti-β2 glycoprotein 
I antibody (Anti-β2GPI-IgG), anti-β2 glycoprotein I anti-
body (Anti-β2GPI-IgG), and anti-β2 glycoprotein I anti-
body (Anti-β2GPI-IgG).

Statistical methods
The initial phase of data analysis involved meticulous 
screening to eliminate any blank data entries. Only data 
points falling within the specified range of clinical indi-
cators were retained for further analysis. Subsequently, 
the relevant data were organized and tabulated to facili-
tate subsequent statistical procedures. For non-normally 
distributed continuous data, the Mann–Whitney U test 
was applied. Conversely, normally distributed continu-
ous variables were assessed using the Student’s t-test. 
The presentation of all data adhered to the convention of 
mean values along with their respective standard devia-
tions or ranges. To investigate the relationship between 
clinical indicators of stroke patients as independent vari-
ables and the range of each clinical indicator as depend-
ent variables, a χ2 test was conducted. The selection of 
the specific χ2 test variant depended on the sample size 
and expected cell counts. When the total sample size of 
the two groups (n) was ≥ 40, and the expected count (the-
oretical number, T) in all cells was ≥ 5, the Pearson χ2 test 
was employed. In cases where the obtained p-value was 
approximately 0.05, Fisher’s exact test was utilized. When 
the sample size (n) was ≥ 40 but the expected count (T) 
fell within the range of 1–5, a continuity correction was 
applied. In instances where either the sample size (n) was 
less than 40 or the expected count (T) was less than 1, 
Fisher’s exact test was employed. For scenarios involving 
multiple rows and multiple lists, Fisher’s exact test was 
directly applied. The analysis sought to determine the sig-
nificance of disparities between clinical indicators within 
the normal range and those within the abnormal range, 
distinguishing between comorbid and non-comorbid dis-
eases. A threshold of P < 0.05 was deemed indicative of a 
statistically significant difference. The entire process of 
data analysis and statistical computation was performed 

using SPSS 26.0 (IBM, Chicago, Illinois, USA) software, 
ensuring rigor and precision in the analytical procedures.

Results
Baseline determination
Table 1 provides an overview of the baseline characteris-
tics of stroke patients. It is evident that stroke predomi-
nantly afflicts individuals in the middle-aged and elderly 
demographic, particularly those aged 60 and above. 
Notably, the data indicate a higher incidence of stroke 
in women as compared to men. Additionally, there exist 
substantial disparities among nearly all clinical indicators 
for various comorbid diseases. Interestingly, hyperten-
sion stands out as the predominant comorbidity, dem-
onstrating a significantly higher prevalence than other 
related conditions.

Correlation between comorbid risk factors and clinical 
indicators in stroke patients
In our study, a comprehensive analysis was conducted 
on clinical data from a total of 439 cases, with the exclu-
sion of one case due to missing data. The stroke patients 
were categorized based on the presence of various 
comorbid diseases, as summarized in Table  1. Specifi-
cally, the cohort comprised 66 stroke patients without 
any risk factors, 296 stroke patients with hypertension, 
155 stroke patients with diabetes, and 59 stroke patients 
with hyperlipidemia. Additionally, there were 48 stroke 
patients with atrial fibrillation and 32 with hyperhomo-
cysteinemia. To evaluate the association between differ-
ent comorbidities and stroke, we performed a χ2 test on 
the prevalence of each comorbidity. The objective was 
to investigate the correlation between various clinical 
indicators at different concentration levels among stroke 
patients with and without comorbid diseases.

We analyzed the age and 20 clinical indicators of stroke 
patients with comorbid hypertension, and the results are 
presented in Additional file  1: Table  S2. Among these 
indicators, a total of 9 showed significant differences. 
Table  2 showcases the significant variations in plasma 
levels of LDL, HDL, IL-2, CD19, IL-4, IL-6, IL-10, TNF-
α, and INF-γ between stroke patients with and without 
comorbid hypertension. Specifically, elevated levels of 
LDL, HDL, and IL-2 were positively linked to the pres-
ence of comorbid hypertension in stroke patients (LDL: 
P = 0.040, χ2 = 5.068; HDL: P = 0.006, χ2 = 7.658; IL-2: 
P < 0.001, χ2 = 21.879). Conversely, decreased concentra-
tions of CD19, IL-4, IL-6, IL-10, TNF-α, and INF-γ were 
inversely correlated with the occurrence of hypertension 
comorbid with stroke (CD19: P = 0.039, χ2 = 4.277; IL-4: 
P < 0.001, χ2 = 39.200; IL-6: P < 0.001, χ2 = 40.422; IL-10: 
P < 0.001, χ2 = 30.744; TNF-α: P < 0.001, χ2 = 41.178; INF-
γ: P < 0.001, χ2 = 40.468) (Fig. 2A).
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We investigated the ages of stroke patients with comor-
bid diabetes along with 20 clinical indicators, and the 
results are detailed in Additional file 1: Table S3. Among 
these indicators, a total of 9 exhibited significant differ-
ences. Table  3 presents data concerning the age of the 
patients and plasma levels of HDL, IL-2, CD4, IL-4, IL-6, 
IL-10, TNF-α, and INF-γ. These variables exhibited sig-
nificant disparities between stroke patients without dia-
betes and those with comorbid diabetes. Notably, older 

age correlated positively with the presence of comorbid 
diabetes in stroke patients (P = 0.024, χ2 = 5.100). Addi-
tionally, elevated levels of HDL and IL-2 were posi-
tively associated with diabetes in stroke patients (HDL: 
P = 0.004, χ2 = 9.210; IL-2: P = 0.001, χ2 = 12.313). Con-
versely, reduced concentrations of CD4, IL-4, IL-6, IL-10, 
TNF-α, and INF-γ were negatively correlated with dia-
betes in stroke patients (CD4: P = 0.032, χ2 = 5.281; IL-4: 
P < 0.001, χ2 = 22.293; IL-6: P < 0.001, χ2 = 22.153; IL-10: 

Table 2  Relationships between hypertension comorbidity and clinical indicators in stroke patients

More data can be found in Additional file 1: Table S2. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Variable Comorbidity χ2 P χ2 P*

No Yes

LDL

 1.89–4.21 mg/dl 52 237 5.428 0.066

  > 4.21 mg/dl 8 13 5.068 0.040*

  < 1.89 mg/dl 6 32 0.112 0.825

HDL

 1.03–1.55 mg/dl 32 162 7.622 0.022*

  > 1.55 mg/dl 9 13 7.658 0.010*

  < 1.03 mg/dl 25 93 1.082 0.365

CD19

 6.4–22.4% 44 226 5.34 0.069

  > 22.4% 7 19 1.878 0.272

  < 6.4% 15 38 4.277 0.039*

IL-2

 1.1–9.8 pg/ml 54 214 21.985  < 0.001*

  > 9.8 pg/ml 6 0 21.879  < 0.001*

  < 1.1 pg/ml 6 23 0.005 1

IL-4

 0.1–3 pg/ml 50 193 40.915  < 0.001*

  > 3 pg/ml 4 21 0.295 0.794

  < 0.1 pg/ml 12 0 39.2 < 0.001*

IL-6

 1.7–16.6 pg/ml 52 206 40.651  < 0.001*

  > 16.6 pg/ml 2 8 0 1

  < 1.7 pg/ml 12 0 40.422  < 0.001*

IL-10

 2.6–4.9 pg/ml 52 200 40.58  < 0.001*

  > 4.9 pg/ml 2 12 0.33 0.742

  < 2.6 pg/ml 12 2 30.744 < 0.001*

TNF-α

 0.1–5.2 pg/ml 52 210 41.243  < 0.001*

  > 5.2 pg/ml 2 4 0.663 0.348

  < 0.1 pg/ml 12 0 41.178  < 0.001*

INF-γ

 1.6–17.3 pg/ml 54 213 40.877  < 0.001*

  > 17.3 pg/ml 0 1 0.253 1

  < 1.6 pg/ml 12 0 40.468  < 0.001*
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P < 0.001, χ2 = 18.807; TNF-α: P < 0.001, χ2 = 23.495; INF-
γ: P = 0.003, χ2 = 8.396) (Fig. 2B).

We analyzed the age and 20 clinical indicators of stroke 
patients with comorbid hyperlipidemia, and the results are 
documented in Additional file 1: Table S4. Among these indi-
cators, there are 12 differences identified. In Table 4, plasma 
levels of HDL, IL-2, TG, aPL-IgM, Anti-β2GPI-IgA, Anti-
β2GPI-IgM, CD3, IL-4, IL-6, IL-10, TNF-α, and INF-γ were 
examined for differences between stroke patients with and 
without comorbid hyperlipidemia. Elevated concentrations 
of HDL, IL-2, TG, aPL-IgM, Anti-β2GPI-IgA, and Anti-
β2GPI-IgM were positively associated with the presence of 
hyperlipidemia in stroke patients (P = 0.022, χ2 = 5.895; IL-2: 
P = 0.029, χ2 = 5.597; TG: P < 0.001, χ2 = 28.928; aPL-IgM: 

P = 0.003, χ2 = 8.565; Anti-β2GPI-IgA: P = 0.040, χ2 = 4.607; 
Anti -β2GPI-IgM: P = 0.002, χ2 = 9.852). In contrast, lower 
concentrations of HDL, CD3, IL-4, IL-6, IL-10, TNF-α, 
and INF-γ were negatively correlated with hyperlipidemia 
comorbidity in stroke patients (HDL: P = 0.048, χ2 = 4.716; 
CD3: P = 0.003, χ2 = 9.114; IL-4: P = 0.001, χ2 = 10.633; IL-6: 
P = 0.001, χ2 = 9.881; IL-10: P = 0.020, χ2 = 6.173; TNF-α: 
P = 0.001, χ2 = 10.875; INF-γ: P = 0.001, χ2 = 10.717) (Fig. 2C).

We conducted an analysis of the age and 20 clinical indi-
cators of stroke patients with comorbid atrial fibrillation, 
and the findings are outlined in Additional file 1: Table S5. 
Among these indicators, 8 distinct differences were 
observed. Table  5 reveals significant distinctions in the 
age of patients and plasma levels of LDL, HDL, IL-4, IL-6, 
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IL-10, TNF-α, and INF-γ between stroke patients without 
atrial fibrillation and those with comorbid atrial fibrilla-
tion. Older age exhibited a positive correlation with atrial 
fibrillation in stroke patients (P < 0.001, χ2 = 12.141). Fur-
thermore, reduced levels of LDL, HDL, IL-4, IL-6, IL-10, 
TNF-α, and INF-γ were negatively correlated with atrial 
fibrillation comorbidity in stroke patients (LDL: P = 0.006, 
χ2 = 8.250; HDL: P = 0.034, χ2 = 4.496; IL-4: P = 0.007, 
χ2 = 6.889; IL-6: P = 0.007, χ2 = 6.857; IL-10: P = 0.031, 

χ2 = 4.823; TNF-α: P = 0.007, χ2 = 7.468; INF-γ: P = 0.007, 
χ2 = 7.222) (Fig. 2D).

We studied the age and 20 clinical indicators of 
stroke patients with comorbid hyperhomocysteine-
mia, and the results are presented in Additional file 1: 
Table  S6. Among these indicators, three differences 
were identified. Comparatively, Table  6 indicates that 
the number of stroke patients with hyperhomocyst-
einemia exhibited no significant differences in age, 
blood lipid indicators, anticardiolipin antibodies, and 

Table 3  Connections between diabetes comorbidity and clinical indicators in stroke patients

More data can be found in Additional file 1: Table S3. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Variable Comorbidity χ2 P χ2 P*

No Yes

Age (years)

  ≥ 60 42 122 5.1 0.024* / /

  < 60 24 34

HDL

 1.03–1.55 mg/dl 32 72 12.106 0.002*

  > 1.55 mg/dl 9 3 9.21 0.004*

  < 1.03 mg/dl 25 72 0.617 0.432

CD4

 28.5–60.5% 52 134 5.619 0.06

  > 60.5% 6 10 0.079 0.402

  < 28.5% 8 6 5.281 0.032*

IL-2

 1.1–9.8 pg/ml 54 119 12.307 0.002*

  > 9.8 pg/ml 6 0 12.313 0.001*

  < 1.1 pg/ml 6 11 0.119 0.786

IL-4

 0.1–3 pg/ml 50 107 23.434  < 0.001*

  > 3 pg/ml 4 12 0.317 0.778

  < 0.1 pg/ml 12 0 22.293  < 0.001*

IL-6

 1.7–16.6 pg/ml 52 110 24.007  < 0.001*

  > 16.6 pg/ml 2 9 0.929 0.506

  < 1.7 pg/ml 12 0 22.153  < 0.001*

IL-10

 2.6–4.9 pg/ml 52 110 20.143 < 0.001*

  > 4.9 pg/ml 2 8 0.64 0.727

  < 2.6 pg/ml 12 1 18.807  < 0.001*

TNF-α

 0.1–5.2 pg/ml 52 117 23.767  < 0.001*

  > 5.2 pg/ml 2 2 0.673 0.59

  < 0.1 pg/ml 12 0 23.495 < 0.001*

INF-γ

 1.6–17.3 pg/ml 54 41 11.435 0.003*

  > 17.3 pg/ml 0 2 2.565 0.194

  < 1.6 pg/ml 12 0 8.396 0.003*
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Table 4  Links between hyperlipidemia comorbidity and clinical indicators in stroke patients

Variable Comorbidity χ2 P χ2 P*

No Yes

LDL

 1.89–4.21 mg/dl 52 43 6.182 0.045*

  > 4.21 mg/dl 8 15 2.95 0.106

  < 1.89 mg/dl 6 1 2.551 0.137

HDL

 1.03–1.55 mg/dl 32 43 8.806 0.012*

  > 1.55 mg/dl 9 2 5.895 0.022*

  < 1.03 mg/dl 25 14 4.716 0.048*

TG

  ≥ 1.70 mg/dl 12 41 28.928  < 0.001* / /

  < 1.70 mg/dl 44 16

aPL-IgM

  ≥ 2.5 mg/dl 26 34 8.565 0.003* / /

  < 2.5 mg/dl 40 17

Anti-β2GPI-IgA

  ≥ 2.0 mg/dl 6 12 4.607 0.040* / /

  < 2.0 mg/dl 60 39

Anti-β2GPI-IgM

  ≥ 2.0 mg/dl 26 35 9.852 0.002* / /

  < 2.0 mg/dl 40 16

CD3

 59.4–84.6% 45 52 9.308 0.010*

  > 84.6% 5 6 0.003 1

  < 59.4% 16 3 9.114 0.003*

IL-2

 1.1–9.8 pg/ml 54 53 5.597 5.782 0.056

  > 9.8 pg/ml 6 0 0.333 0.029*

  < 1.1 pg/ml 6 4 0.744

IL-4

 0.1–3 pg/ml 50 49 10.718 0.005*

  > 3 pg/ml 4 4 0.001 1

  < 0.1 pg/ml 12 0 10.633 0.001*

IL-6

 1.7–16.6 pg/ml 52 47 12.987 0.002*

  > 16.6 pg/ml 2 6 2.243 0.161

  < 1.7 pg/ml 12 0 9.881 0.001*

IL-10

 2.6–4.9 pg/ml 52 51 7.826 0.020*

  > 4.9 pg/ml 2 0 1.926 0.496

  < 2.6 pg/ml 12 2 6.173 0.020*

TNF-α

 0.1–5.2 pg/ml 52 52 11.045 0.004*

  > 5.2 pg/ml 2 1 0.324 1

  < 0.1 pg/ml 12 0 10.875 0.001*

INF-γ

 1.6–17.3 pg/ml 54 53 10.717 0.001*

  > 17.3 pg/ml 0 0 / /

  < 1.6 pg/ml 12 0 10.717 0.001*
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lymphocyte subpopulations when compared to those 
without the condition. However, significant differ-
ences were observed in Th1/Th2 lymphocyte cytokine 
detection for patients with comorbid hyperhomocyst-
einemic stroke. Lower concentrations of IL-4, IL-6, and 
TNF-α were negatively correlated with stroke patients 
suffering from hyperhomocysteinemia (IL-4: P = 0.015, 
χ2 = 6.040; IL-6: P = 0.015, χ2 = 6.038; TNF-α: P = 0.016, 
χ2 = 6.243) (Fig. 2E).

The synergistic effect of multiple risk factors
In Table 1, we classified stroke patients into two groups 
based on the number of risk factors they presented: those 
without any risk factors (n = 66) and those with multiple 
risk factors (n = 371). Using stroke patients without any 
risk factors as the control group, we proceeded to analyze 
the differences and correlations between varying con-
centration ranges of clinical indicators in cases of stroke 
patients with multiple risk factors (Fig. 1).

Table 4  (continued)
More data can be found in Additional file 1: Table S4. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Table 5  Associations between atrial fibrillation comorbidity and clinical indicators in stroke patients

More data can be found in Additional file 1: Table S5. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Variable Comorbidity χ2 P χ2 P*

No Yes

Age (years)

  ≥ 60 42 45 12.141  < 0.001* / /

  < 60 24 4

LDL

 1.89–4.21 mg/dl 52 30 8.772 0.012*

  > 4.21 mg/dl 8 4 0.048 1

  < 1.89 mg/dl 6 15 8.25 0.006*

HDL

 1.03–1.55 mg/dl 32 17 9.325 0.009*

  > 1.55 mg/dl 9 1 2.389 0.154

  < 1.03 mg/dl 25 31 4.496 0.034*

IL-4

 0.1–3 pg/ml 50 31 8.478 0.014*

  > 3 pg/ml 4 5 1.008 0.475

  < 0.1 pg/ml 12 0 6.889 0.007*

IL-6

 1.7–16.6 pg/ml 52 32 9.42 0.009*

  > 16.6 pg/ml 2 4 1.905 0.213

  < 1.7 pg/ml 12 0 6.857 0.007*

IL-10

 2.6–4.9 pg/ml 52 33 5.179 0.075

  > 4.9 pg/ml 2 2 0.2 0.644

  < 2.6 pg/ml 12 1 4.823 0.031*

TNF-α

 0.1–5.2 pg/ml 52 35 7.479 0.024*

  > 5.2 pg/ml 2 1 0.057 1

  < 0.1 pg/ml 12 0 7.468 0.007*

INF-γ

 1.6–17.3 pg/ml 54 35 1.517 0.4 9.012 0.011*

  > 17.3 pg/ml 0 1

  < 1.6 pg/ml 12 0 7.222 0.007*
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We analyzed the age and 20 clinical indicators of 
stroke patients with multiple diseases, and the findings 
are displayed in Additional file 1: Table S7. Among these 
indicators, six differences were observed. Table  7 high-
lights the levels of IL-2, IL-4, IL-6, IL-10, TNF-α, and 
INF-γ in plasma, demonstrating significant differences 
between stroke patients without comorbid diseases and 
stroke patients with multiple risk factors. Particularly, 
heightened levels of IL-2 were positively correlated with 
the presence of multiple risk factors in stroke patients 
(P < 0.001, χ2 = 27.701). Conversely, decreased concen-
trations of IL-4, IL-6, IL-10, TNF-α, and INF-γ were 
negatively correlated with stroke patients suffering from 
multiple risk factors (IL-4: P < 0.001, χ2 = 49.153; IL-6: 
P < 0.001, χ2 = 50.059; IL-10: P < 0.001, χ2 = 32.126; TNF-
α: P < 0.001, χ2 = 51.946; INF-γ: P < 0.001, χ2 = 50.909) 
(Fig. 2F).

Changes in clinical indicators across various 
ischemic stroke subtypes
Stroke patients were stratified into non-ischemic stroke 
(n = 303) and ischemic stroke (n = 118) groups based on 
the TOAST (Trial of Org 10172 in Acute Stroke Treat-
ment) definition [27], as outlined in Table 1. Within the 
ischemic stroke category, three predominant subtypes 
were identified: lacunar infarction (n = 87), cardioem-
bolic embolism (n = 7), and large artery atherosclerosis 
(n = 24). A comparative analysis was conducted, utilizing 
non-ischemic stroke patients as the reference group. The 
study specifically examined differences and correlations 
in clinical indicators across various concentration ranges 
when patients experienced different ischemic stroke sub-
types (As shown in Table 1 and Fig. 1).

As illustrated in Table 8, notable disparities in plasma 
levels of CD3, CD4, CD19, and INF-γ emerge when com-
paring ischemic stroke subtypes, specifically lacunar 
infarction, with non-ischemic stroke subtypes. Remark-
ably, elevated concentrations of CD19 exhibit a positive 
correlation with lacunar infarction (P = 0.241, χ2 = 4.854). 
Conversely, diminished concentrations of CD3, CD4, 
and INF-γ demonstrate negative correlations with lacu-
nar infarction (CD3: P = 0.004, χ2 = 8.184; CD4: P = 0.009, 
χ2 = 6.396; INF-γ: P = 0.003, χ2 = 13.132) (Fig. 3A).

As depicted in Table  9, noteworthy distinctions in 
plasma LDL and INF-γ levels emerge among ischemic 
stroke subtypes, namely cardioembolism and non-
ischemic stroke subtypes. Notably, elevated concen-
trations of INF-γ exhibit a positive correlation with 
cardioembolic disease (P = 0.050, χ2 = 18.418). Con-
versely, diminished concentrations of LDL demonstrate 
an inverse association with cardioembolic disease (LDL: 
P = 0.027, χ2 = 7.920) (Fig. 3B).

Discussion
Hypertension constitutes an autonomous risk factor for 
ischemic stroke, a well-established assertion supported 
by substantial evidence [29]. Of notable significance, a 
considerable body of research underscores the substan-
tive association between plasma levels of LDL and HDL 
and the heightened risk of hypertension, substanti-
ated across multiple independent studies [30–33]. Our 
research, likewise, substantiates these findings by dem-
onstrating that stroke patients with concurrent hyper-
tension exhibit significantly elevated levels of both LDL 
and HDL in their plasma—a consistent alignment with 
prior investigations. Moreover, our study identifies a 

Table 6  Correlations between hyperhomocysteinemia comorbidity and clinical indicators in stroke patients

More data can be found in Additional file 1: Table S6. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Variable Comorbidity χ2 P χ2 P*

No Yes

IL-4

 0.1–3 pg/ml 50 27 6.043 0.049*

  > 3 pg/ml 4 2 0.007 1

  < 0.1 pg/ml 12 0 6.04 0.015*

IL-6

 1.7–16.6 pg/ml 52 28 6.039 0.049*

  > 16.6 pg/ml 2 1 0.004 1

  < 1.7 pg/ml 12 0 6.038 0.015*

TNF-α

 0.1–5.2 pg/ml 52 29 7.215 0.027*

  > 5.2 pg/ml 2 0 1.101 0.54

  < 0.1 pg/ml 12 0 6.243 0.016*
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noteworthy connection between diminished plasma 
CD19 levels and the presence of comorbid hyperten-
sion. This observed correlation suggests a possible link to 
immune system disturbances induced by elevated blood 
pressure, with support from an analogous study, which 
registered a declining trend in CD19 gene expression 
among hypertension patients [34].

Diabetes, as an autonomous risk factor for stroke, is 
intricately intertwined with advancing age, a relationship 
underscored by a meticulously conducted study [9]. This 
comprehensive analysis highlights a conspicuous asso-
ciation between increasing age and the co-occurrence of 
diabetes among stroke-afflicted individuals—an observa-
tion harmonizing with antecedent research. Moreover, 
the study by Sun et al. posits advancing age as a predis-
posing factor for diabetes [35]. Intriguingly, our inves-
tigation unveils an additional dimension: significantly 

elevated HDL levels among stroke patients concurrently 
affected by diabetes, a finding diverging from Parhofer 
et al.’s postulation that diminished HDL levels serve as a 
hallmark of diabetic dyslipidemia [36].

Hyperlipidemia, recognized as a prominent risk factor 
for atherosclerosis—a leading cause of stroke—is inher-
ently characterized by elevations in plasma LDL and TG 
levels, concomitant with a reduction in high-density lipo-
protein levels [37]. Our study contributes to the existing 
body of knowledge by establishing a compelling associa-
tion between fluctuations in plasma HDL levels and the 
co-occurrence of hyperlipidemia in stroke patients. Fur-
thermore, we ascertain that diminished levels of aPL-
IgM, Anti-β2GPI-IgA, and Anti-β2GPI-IgM exhibit a 
noteworthy association with comorbid hyperlipidemia 
in stroke patients. These findings are in alignment with 
established research, affirming that hyperlipidemia 

Table 7  Interactions between multiple risk factors and clinical indicators in stroke patients

More data can be found in Additional file 1: Table S7. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Variable Comorbidity χ2 P χ2 P*

No Yes

HDL

 1.03–1.55 mg/dl 32 198 7.604 0.022*

  > 1.55 mg/dl 9 17 7.443 0.02

  < 1.03 mg/dl 25 139 0.137 0.936

IL-2

 1.1–9.8 pg/ml 54 272 27.826 < 0.001*

  > 9.8 pg/ml 6 0 27.701 < 0.001*

  < 1.1 pg/ml 6 29 0.008 1

IL-4

 0.1–3 pg/ml 50 244 51.648  < 0.001*

  > 3 pg/ml 4 28 0.424 0.624

  < 0.1 pg/ml 12 0 49.153 < 0.001*

IL-6

 1.7–16.6 pg/ml 52 257 51.538  < 0.001*

  > 16.6 pg/ml 2 15 0.299 0.748

  < 1.7 pg/ml 12 0 50.059  < 0.001*

IL-10

 2.6–4.9 pg/ml 52 254 33.086  < 0.001*

  > 4.9 pg/ml 2 14 0.22 1

  < 2.6 pg/ml 12 4 32.126 < 0.001*

TNF-α

 0.1–5.2 pg/ml 52 267 51.931  < 0.001*

  > 5.2 pg/ml 2 5 0.746 0.327

  < 0.1 pg/ml 12 0 51.946  < 0.001*

INF-γ

 1.6–17.3 pg/ml 54 270 51.626  < 0.001*

  > 17.3 pg/ml 0 2 0.4 1

  < 1.6 pg/ml 12 0 50.909  < 0.001*
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Table 8  The risk of clinical indicators in stroke patients with lacunar infarction

More data can be found in Additional file 1: Table S6. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Variable Stroke Subtypes χ2 P1 χ2 P2

No Yes

CD3

 59.4–84.6% 241 69 9.028 0.011*

  > 84.6% 15 6 0.447 0.589

  < 59.4% 58 4 8.184 0.004*

CD4

 28.5–60.5% 266 80 7.272 0.026*

  > 60.5% 19 3 1.065 0.432

  < 28.5% 29 1 6.396 0.009*

CD19

 6.4–22.4% 232 72 5.205 0.074

  > 22.4% 29 2 4.854 0.024*

  < 6.4% 43 10 0.592 0.442

INF-γ

 1.6–17.3 pg/ml 230 67 13.471 0.001*

  > 17.3 pg/ml 1 0 0.291 1.000

  < 1.6 pg/ml 0 4 13.132 0.003*
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precipitates an elevation in LDL, a diminution in HDL, 
and an increase in anticardiolipin antibodies in plasma, 
thereby escalating the risk of atherosclerosis and throm-
bosis [38–40].

Atrial fibrillation, a prevalent cardiac arrhythmia, 
exhibits a discernible correlation with age-based inci-
dence [41]. Research endeavors have delineated the intri-
cate interplay between LDL and atrial fibrillation, with 
select studies suggesting an inverse relationship, implying 
that decreased LDL levels may trigger atrial fibrillation 
onset [42, 43]. Paradoxically, an alternative study hints 
at the prospect of diminished HDL levels augmenting 
the susceptibility to atrial fibrillation [44]. In our inves-
tigation, we ascertained that reduced plasma LDL and 
HDL levels in stroke patients are significantly linked with 
comorbid atrial fibrillation, a concurrence consistent 
with antecedent research. Moreover, extant studies sub-
stantiate the interconnectedness of LDL, HDL, and ath-
erosclerosis [30, 45], with atherosclerosis recognized as a 
known precipitant of atrial fibrillation [46, 47].

The equilibrium of Th1/Th2 cytokines holds paramount 
importance in the genesis and progression of stroke, 
wherein post-stroke imbalances tend to favor Th1-type 
responses—inclusive of IFN-γ, TNF-α, and IL-2—poten-
tiating the exacerbation of cerebral damage and neuro-
logic deficits [48]. In contrast to precedent investigations, 
our research unearthed a distinctive immune response 
among stroke patients grappling with one or more risk 
factors, characterized by diminished levels of various 
helper T cell 1 (Th1)/Th2 factors in their plasma, except 
for elevated IL-2 levels. This unique immune response 
warrants comprehensive exploration to elucidate the 
underlying mechanisms at play.

Anticardiolipin antibodies, a category of autoanti-
bodies directed against cardiolipin or its derivatives, 
encompass aPL-IgM, Anti-β2GPI-IgA, and Anti-β2GPI-
IgM [49]. Notably, antiphospholipid syndrome has been 
identified as a contributory factor in acute ischemic 
stroke and transient ischemic attacks [40]. Elevated 
levels of anticardiolipin antibodies render the blood 
hypercoagulable, thereby amplifying the risk of throm-
bosis [38, 39]. Lymphocyte subsets represent a pivotal 
component of the immune system, actively participat-
ing in inflammatory responses and adaptive immunity. 
Inflammation holds a significant role in the genesis and 
progression of stroke, precipitating vascular endothelial 
damage, vascular remodeling, and atherosclerosis, col-
lectively heightening blood pressure and cardiovascu-
lar risk [50]. Th1/Th2 cells serve as key modulators of 
immune and inflammatory responses. Cytokines pro-
duced by Th1 cells, including IFN-γ, TNF-α, and IL-2, 
elicit pro-inflammatory and cytotoxic effects. Con-
versely, cytokines stemming from Th2 cells, such as 
IL-4, IL-6, and IL-10, convey anti-inflammatory and 
immunomodulatory properties, counteracting the 
pro-inflammatory response of Th1 [51]. A noteworthy 
observation is the altered balance of Th1/Th2 lympho-
cyte cytokines post-stroke, leading to a preponderance 
of Th1-type responses, thereby exacerbating cerebral 
damage and neurologic deficits [48].

Reviewing prior studies, it becomes apparent that 
there exists a paucity of systematic analyses elucidat-
ing the disparities among stroke risk factors concerning 
four distinct indicators: lymphocyte subpopulations, 
Th1/Th2 lymphocyte cytokines, blood lipid markers, 
and antiphospholipid antibody parameters. Our study 

Table 9  The risk of clinical indicators in stroke patients with cardiogenic embolism

More data can be found in Additional file 1: Table S6. P: A comparison of different ranges of clinical indicators, and a comparison of clinical indicators that are above or 
below the normal range with clinical indicators that are within the normal range. P*: Multiple list comparisons between different ranges of clinical indicators

Variable Stroke subtypes χ2 P1 χ2 P2

No Yes

LDL

 1.89–4.21 mg/dl 250 3 7.935 0.019*

  > 4.21 mg/dl 20 1 1.724 0.274

  < 1.89 mg/dl 33 3 7.920 0.027*

IL-10

 2.6–4.9 pg/ml 216 5 11.937 0.003*

  > 4.9 pg/ml 13 0 0.301 1.000

  < 2.6 pg/ml 2 1 10.961 0.079

INF-γ

 1.6–17.3 pg/ml 230 5 18.418 0.050*

  > 17.3 pg/ml 1 1 18.418 0.050*

  < 1.6 pg/ml 0 0 / /
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bridges this gap, offering valuable insights into the 
distinct clinical indicators when stroke patients grap-
ple with multiple risk factors. Our findings underscore 
that divergent clinical indicators exhibit increased 
prominence when multiple risk factors are concurrent 
in stroke patients. A comprehensive literature search 
revealed a dearth of articles investigating the clini-
cal indicators and underlying reasons for the elevated 
stroke risk when patients present with multiple risk 
factors. It is our aspiration that researchers will draw 
inspiration from our study to address these gaps in 
knowledge. Simultaneously, our study underscores the 
imperative of considering not only the individual role 
of a singular risk factor but also the synergistic effects 
that arise when multiple risk factors converge in the 
context of stroke prevention and treatment.

Ischemic stroke, comprising lacunar infarction, car-
dioembolic, and large artery atherosclerosis subtypes, 
represents a significant medical challenge [28]. T lym-
phocytes play a pivotal role in the pathophysiology of 
ischemic stroke, regulating the immune response and 
inflammatory processes in the body [52]. A compre-
hensive investigation into the dynamic changes of T 
lymphocytes following ischemic stroke revealed an 
increase in peripheral T lymphocyte numbers post-
event [53].

Examining patients diagnosed with lacunar infarcts, 
our study identified a higher prevalence of elevated CD3 
and CD4 concentrations compared to lower concentra-
tions, aligning with existing research. In contrast, lower 
concentrations of CD19 affected a larger proportion of 
individuals than higher concentrations, contradicting 
prior studies. Literature reports suggest a positive cor-
relation between elevated Th1 cells and acute ischemic 
stroke [54]. Similarly, within the cardioembolic stroke 
subtype, our findings indicated a higher incidence of 
elevated INF-γ concentrations, consistent with previous 
research. Conversely, within the lacunar infarct subtype, 
a higher prevalence of lower INF-γ concentrations was 
observed, contrary to earlier findings.

Furthermore, our investigation within the cardioem-
bolic stroke subtypes unveiled a greater impact of lower 
concentrations of LDL on a larger population than higher 
concentrations. Notably, some studies have associated 
lower LDL levels with an increased risk of hemorrhagic 
stroke [55], corroborating our findings. However, a Men-
delian randomization study exploring the impact of LDL 
levels on ischemic stroke subtypes revealed a smaller 
effect on cardioembolic strokes compared to lacunar 
infarction and large artery atherosclerosis subtypes 
[56], contradicting our observations. These inconsisten-
cies highlight the complex and multifaceted nature of 

ischemic stroke and warrant further exploration to refine 
our understanding of its underlying mechanisms.

Study limitations
Several limitations warrant acknowledgment. First, our 
study’s sample size remained relatively small, and the 
cohort exclusively emanated from the First People’s 
Hospital of Wenling City, Zhejiang Province, China, 
potentially limiting its representativeness and external 
generalizability. Expanding the sample size and geo-
graphical scope is essential to validate the robustness 
of these findings. Second, our methodology did not 
exclude patients with overlapping risk factors when 
calculating stroke incidence in patients with individ-
ual risk factors. This omission may affect the precision 
of our results, albeit without undermining the over-
arching conclusions. Third, the study did not account 
for potential medication usage among patients, a fac-
tor that could introduce variance in the results. Our 
study faced limitations stemming from an insufficient 
amount of sample data, hindering our ability to delve 
into the risk associated with clinical indicators among 
stroke patients grappling with three or more risk fac-
tors. Simultaneously, the scope of our investigation was 
constrained, preventing an in-depth exploration of the 
variations in clinical indicators among individuals aged 
85 and above afflicted with ischemic stroke subtypes, 
particularly when confronted with diverse coexisting 
risk factors.

Conclusions
In summary, our study arrives at several noteworthy con-
clusions. Firstly, advancing age corresponds with an ele-
vated risk of stroke. Secondly, aberrations in blood lipids 
and Th1/Th2 cytokines emerge as common denomi-
nators among multiple risk factors for stroke, playing 
pivotal roles in the initiation and progression of this cer-
ebrovascular condition. Lastly, an array of inflammatory 
responses, particularly those triggered by atherosclero-
sis, actively contributes to the onset and development of 
stroke, ultimately influencing prognosis. Examining alter-
ations in clinical indicators among elderly stroke patients 
aged 85 and above, under the influence of various risk 
factors, proves instructive. This investigation holds sub-
stantial significance for enhancing the understanding of 
treatment modalities and prognostic outcomes in the 
context of elderly stroke patients.
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