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Objective: Ischemic stroke, one of the main public health problems worldwide, causes a variety of physiological dysfunction, 
including cognitive impairment. Although studies have been focused on posted-stroke cognitive impairment (PSCI), its pathological 
mechanism remains unclear.
Methods: Here, we enrolled 66 participants stratified into three groups: healthy controls (HC, n=15), post-stroke patients without 
cognitive impairment (PSWCI, n=15), and PSCI patients (n=36). We analyzed clinical parameters and changes of several cytokines 
and gut microbiota profiles.
Results: We found that compared with healthy control (HC) group, levels of low-density lipoprotein (LDL) cholesterol, total 
cholesterol (TC), homocysteine (Hcy), CRP and IL-6 were significantly increased in PSWCI and PSCI patients. Of them, levels of 
Hcy and IL-6 in PSCI group were significantly higher than that in PSWCI. ROC curve analysis identified Hcy and IL-6 as potential 
diagnostic biomarkers for PSCI. Furthermore, 16S rRNA sequencing of gut microbiota shows that the abundance of blaut, 
bifidobacterium and macromonas increased, while the abundance of bacteroides and bifidobacterium brevis decreased significantly.
Conclusion: These findings suggest that elevated Hcy and IL-6 levels may serve as risk factors for PSCI, with gut microbiota 
dysregulation potentially contributing to its pathogenesis.
Keywords: post-stroke cognitive impairment, IL-6, homocysteine, diagnostic efficacy, gut microbiota

Introduction
With the growing incidence of stroke, the number of patients suffering from posted-stroke cognitive impairment (PSCI) 
is continuously increasing. Studies have shown that the probability of dementia in stroke patients was increased by 4–12 
times.1 In Europe, 24%–39% of the stroke patients exhibit cognitive impairment within three months,2 while in Asia, this 
proportion is as high as 69.8%.3 These individuals experience cognitive deficits in memory, attention, executive function, 
comprehension, and judgment, significantly impacting their daily lives. Although drugs for PSCI are available, they have 
side effects such as prolonged medication periods, poor compliance, and adverse reactions. Therefore, it is an urgent 
scientific and clinical problem to explore the pathological mechanism of PSCI and develop newly effective prevention.

Previous studies have confirmed that inflammatory factors,4 immune cells, metabolites5,6 and gut microbiota7,8 play 
vital roles in PSCI. Among these, alterations in gut microbiota have garnered significant attention due to their regulatory 
effects on the nervous, metabolic and immune system through the intestinal-brain axis.9,10 Gut microbiota consists of 
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thousands of bacteria, fungi and viruses and the bacterial genes are even about 150 times than that of human.11 These 
microorganisms coexist with human and involve in processes of energy absorption, material metabolism and immune 
response, called the “second genome” of human.12 In recent years, gut microbiota and its metabolites in both 
physiological and pathological processes have been widely concerned.13 Studies have shown that dysregulation in 
abundance of Chlamydia pneumoniae, Helicobacter pylori and Porphyromonas gingivalis increase the level of 
C-reactive protein (CRP)14 and potentially lead to atherosclerosis15 and ischemic stroke. Additionally, stress-induced 
bacterial translocation and inflammatory responses have been reported to affect the prognosis of ischemic stroke.16 

Notably, Clostridium butylicum has been found to protect against brain injury and cognitive dysfunction in cerebral 
ischemia/reperfusion of diabetic mice through enhancing the diversity of gut microbiota.17 Nevertheless, the roles of gut 
microbiota in ischemic PSCI remain to be elucidated.

Here, we recruited 66 participants, including 15 healthy controls (HC), 15 posted-stroke without cognitive impairment 
(PSWCI) and 36 posted-stroke cognitive impairment (PSCI). We collected and analyzed clinical data, serum factors, and 
gut microbiota profiles from these participants. Our study provides evidence of these factors in diagnostic efficiency of 
PSCI and also offers insight into the alterations into gut microbiota associated with ischemic PSCI, laying the theoretical 
basis foundation for the diagnosis and treatment of ischemic PSCI.

Materials and Methods
Participants Recruitment
We recruited 66 participants who underwent physical examination or were hospitalized in the Department of Neurology 
of the First People’s Hospital of Nanning (Guangxi, China) from July 2020 to December 2023. The cohort comprised 15 
cases of healthy controls (HC), 15 participants of PSWCI and 36 participants of PSCI. This study was approved by the 
Ethics Committee of Nanning First People’s Hospital and informed consent was obtained from all these participants in 
accordance with the guidelines outlined in the Declaration of Helsinki. The diagnosis of PSCI was based on the criteria 
for the diagnosis of various cerebrovascular diseases formulated at the Fourth National Conference on Cerebrovascular 
Diseases of the Chinese Medical Association. Multiple cerebral infarction was confirmed by craniocranial computed 
tomography (CT) or magnetic resonance imaging (MRI), consistent with the diagnostic criteria for PSCI in China. The 
evaluation of Mini-Mental State Examination (MMSE, permission for use was obtained from Par Inc) and Montreal 
Cognitive Assessment (MoCA) was conducted with at least two psychiatrists within 1 to 3 months. Inclusion and 
exclusion criteria: Inclusion criteria: (1) Diagnosis of ischemic stroke confirmed by cranial CT or MRI, in line with the 
standard of diagnostic essentials of various cerebrovascular diseases formulated at the fourth National Academic 
Conference on Cerebrovascular Diseases of Chinese Medical Association and Chinese ischemic stroke subclassification 
(CISS) classification. (2) The total score of modified Hachinski ischemic scale (HIS) is ≥7; (3) Age 30–80; (4) No 
aphasia symptom; Exclusion criteria: (1) Family history of mental illness. (2) Severe neurological deficits, such as 
hemiplegia, aphasia, audio-visual impairment or combined with conscious disorder; (3) Other brain organic diseases 
induced cognitive impairment, including brain trauma, epilepsy, Parkinson’s disease, etc. (4) Other physical diseases 
induced cognitive impairment, including malignant tumor, severe organ dysfunction, etc., (5) Usage of antibiotics, 
probiotics or prebiotic preparations within one month; (6) Chronic diarrhea and constipation.

Methods
Clinical Data Collection
The general clinical information of all participants such as age, sex, height, weight, blood pressure, low density 
lipoprotein (LDL), total cholesterol (TC), triglyceride (TG), homocysteine (Hcy) and uric acid (UA) was collected. 
These data were analyzed to investigate potential indicators associated with PSCI.

Preparation of Fecal Samples
Fresh fecal samples (3–5g) were collected into a sterile frozen tube (QIAGEN) in the morning using a clean sterile spoon 
and then screw it tightly to create an anaerobic environment; the samples are transported to the laboratory using dry ice 
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and stored in a −80°C refrigerator until further processing. Fecal collection procedure was completed on the same day of 
physical examination. Following sample collection, 16S rRNA sequencing was then performed.

Detection of Serum Factors
The quantification of serum IL-6 and CRP using a 5mL of blood sample was performed at the laboratory of Nanning 
First People’s Hospital. After centrifugation (3000 rpm, 10 min, 4°C), the serum was harvested, and IL-6 concentration 
was determined by enzyme-linked immunosorbent assay (ELISA) assay. IL-6 detection kit is from Roche Technology 
Co., Ltd. CRP levels were determined by chemiluminescence method (Roche Technology Co., Ltd). Steps of these 
experiment were performed according to the manufacturer’s instructions.

Determination of LDL, TC, TG, Hcy and UA Serum factors, including LDL, TC, TG, Hcy and UA, was quantitatively 
analyzed using a fully automated biochemical analyzer (cobas 800, Roche, USA) at the clinical laboratory of Nanning 
First People’s Hospital. All measurements were performed in strict accordance with the manufacturer’s protocols 
provided in the reagent kit instructions.

Statistics
Statistical analyses were performed using the GraphPad Prism 9.0 software (San Diego, CA, USA). The normal 
distribution data were expressed as (x ±s). Based on the characteristics of the data, analysis of variance or Kruskal– 
Wallis test was used among groups, and T test or Mann–Whitney U-test was used for comparison between two groups. 
P <0.05 was considered statistically significant.

Results
Participant Characteristics and Cognitive Ability Assessment
We recruited a total of 66 participants, including 15 healthy controls (HC), 15 ischemic PSWCI and 36 ischemic PSCI 
patients. Demographic and clinical characteristics, including gender, age, weight and blood pressure, were systematically 
collected for all participants. As presented in Table 1, the three groups demonstrated comparable baseline characteristics, 
with no statistically significant differences observed in sex distribution, age, or body weight. Cognitive function was 
evaluated using two standardized neuropsychological assessments: MMSE and MoCA. The assessment results revealed 
significant cognitive impairment in PSCI patients compared to HC, while no significant change when compared to 
PSWCI (see Figure 1A and B).

Detection of Several Serum Factors
We further analyzed the level changes of serum factors, including LDL, TC, TG, Hcy, CRP and IL-6 in three groups. As 
shown in Figure 2, compared with HC group, levels of LDL, TC, Hcy, CRP and IL-6 in stroke patients are significantly 
increased, except UA and TG. Notably, the contents of Hcy and IL-6 in patients with PSCI are much higher than that of 
the PSWCI, suggesting a potential pathophysiological role of these two serum factors in the development of cognitive 
dysfunction following stroke.

Table 1 Participant Characteristics

HC (n=15) PSWCI (n=15) PSCI (n=36) Significant Difference

Age 60.5±7.3 61.2±9.9 62.1±8.1 N.S.

Weight 60.7±5.6 60.1±6.9 60.3±8.0 N.S.

Sex M(7) F(8) M(6) F(9) M(19) F(17) —
MMSE 29.8±1.8 28.3±3.9 21.8±3.5 * *p<0.01

HAMA 1.2±0.2 1.1±0.2 5.4±0.8 * *p<0.01

Note: *indicates p value <0.01. 
Abbreviations: M indicates male participant; F indicates female participant. N.S. indicates no 
significance.
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Potential Biomarkers in Cognitive Impairment of the PSCI
To investigate whether serum Hcy and IL-6 levels could be served as the biological biomarkers of cognitive impairment 
in PSCI, we evaluated the diagnostic efficiency of these factors by receiver operating characteristic (ROC) curve. As 
depicted in Figure 3A and B below, the area under the curve (AUC) of Hcy is 0.947 (P value < 0.0001, 95% CI 0.8826 
to 1), with a cutoff value 10.9 umol/L demonstrating a sensitivity of 87.88% and specificity of 100%, respectively. 
Similarly, the AUC of IL-6 is 0.9604 (P value < 0.0001, 95% CI 0.9100 to 1), with a cutoff value 6.145 pg/L showing 
a sensitivity of 81.25% and specificity of 100%, respectively. These results indicate that both Hcy and IL-6 may serve as 
promising biomarkers for the diagnosis of PSCI.

Abundance Changes of Gut Microbiota Between PSWCI and PSCI Groups
Given the pivotal roles of gut microbiota in the brain physiological processes, we conducted DNA extraction from fecal 
samples to investigate alterations in gut microbiota abundance through 16S rRNA sequencing. We extracted DNA from 

Figure 1 Evaluation of MoCA (A) and MMSE (B) of all participants. (* indicates p <0.05).

Figure 2 Levels of serum factors of all participants were detected. LDL (A), TC (B), TG (C), Hcy (D) and UA (E) was evaluated with the biochemical analyzer. CRP was 
detected by chemiluminescence method (F) and IL-6 was determined by ELISA assay (G).(* indicates p <0.05, NS means no significance).
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fecal samples to investigate abundance alterations in gut microbiota abundance by 16S rRNA sequencing. As illustrated 
in Figure 4A, the species accumulation curve demonstrates that our study has achieved sufficient sampling depth for 
reliable analysis. Wayne diagram shows 922 shared bacteria genera between PSWCI and PSCI groups (see Figure 4B). 
Chao1 and Shannon index analyses indicate statistically significant differences in microbial abundance and diversity 
between these two groups (see Figure 4C and D). As depicted in Figure 5, we observed a marked increase in the relative 
abundance of Blaut, Bifidobacterium and Macromonas, while Bacteroides and Bifidobacterium brevis showed significant 
reduction in their abundance profiles.

Discussion
Ischemic stroke, characterized by its high incidence, high mortality and high disability rate, is one of the major public 
health problems in the world. In China alone, approximately 2.4 million new cases of stroke are reported annually, and 

Figure 3 Diagnostic efficiency evaluation of Hcy (A) and IL-6 (B) using ROC curve.

Figure 4 Fecal microbiome analysis with 16S rRNA sequencing. Relationship between the number of bacterium and the number of samples (A). Venn diagram (B). Fecal 
microbiome diversity between PSWCI and PSCI groups was elucidated using the Chao 1 index (C) and Shannon index (D).
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around 70% of these patients experience different degrees of cognitive impairment in the early stages. Consequently, 
elucidating the pathological mechanisms and identifying biomarkers for PSCI hold substantial scientific and clinical 
importance, underscoring the urgent need for the development of early intervention strategies.

Currently, there is no standardized treatment for PSCI. The primary pharmacological interventions for cognitive 
impairment typically include cholinesterase inhibitor, memantine and nimodipine. Studies have shown that the levels of 
IL-6, CRP and IFN-γ in peripheral blood are related to cognitive dysfunction.18,19 In our study, we investigated the 
alterations of several serum factors and found that compared with the HC group, levels of LDL, TC, Hcy, CRP and IL-6 
are significantly higher in PSWCI and PSCI patients, consistent with the findings of Benn et al.20 Notably, levels of Hcy 
and IL-CRP in PSCI group were even much higher than that of PSWCI. Further analysis using the ROC curve showed 
that Hcy and IL-6 possess strong diagnostic potential for PSCI. These results indicate that Hcy and IL-6 might serve as 
valuable biomarkers of cognitive impairment in PSCI patients.

The dysregulation of gut microbiota, characterized by alterations in both abundance and diversity, has been increas-
ingly implicated in various diseases.21 An increasing evidences suggest that gut microbiota rebalancing holds great 
medical value for the prevention and treatment of cognitive impairment.22 For example, treatment with the probiotic 

Figure 5 Abundance alterations of gut microbial composition. (* indicates p <0.05). Abundance changes of Blaut (A), Bifidobacterium (B), Macromonas (C), Bacteroides (D) 
and Bifidobacterium brevis (E) between PSWCI and PSCI groups.
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Clostridium butyricum alleviates the cerebral ischemia-reperfusion injury and exert neuroprotective effects.23 Many 
scholars also reported that probiotics may be a promising therapeutic strategy for neurological dysfunction.24–26 It was 
found that the abundance of Ruminococcus and Blaut in patients with acute ischemic stroke increased significantly, while 
the abundance of Bacteroides, Purpura and Fusobacterium decreased significantly.27 Nan Xu et al found that the 
characteristics of gut microbiota in patients with acute ischemic stroke are mainly elevated levels of Bifidobacterium, 
Macromonas, Brucella, Haldeman and Clostridium.28 Another study demonstrated an increase in the abundance of short- 
chain fatty acid-producing bacterium Odoribacter and Aikman in patients with ischemic stroke.29 Moreover, 
Lactobacillus helveticus supplementation has been shown to reverse anxiety and depressive behaviors while alleviating 
cognitive impairment.30 In line with these findings, our study also revealed significant differences in the abundance and 
diversity of gut microbiota between PSWCI and PSCI participants. Specifically, we observed an increase in the 
abundance of Blaut, Bifidobacterium and Macromonas, alongside a significant decrease in the abundance of 
Bacteroides and Bifidobacterium brevis. These results suggest that these specific gut microbiota may play a role in the 
pathogenesis of cognitive impairment, further underscoring the potential of microbiota-targeted therapies in cognitive 
health.

Studies on biomarkers were believed to be a promising avenue for advancing the treatment of PSCI, although their 
clinical application remains limited. To address this gap, our study focused on analyzing alterations in serum factors, lipid 
metabolites and gut microbiota. Our results offer novel insights into the diagnostic potential of certain factors for PSCI 
and highlight significant changes in gut microbiota among patients with ischemic PSCI. However, several limitations 
should be acknowledged. First, as participants in our study are limited, a large number of high-quality clinical trials are 
needed to confirm the results. Second, our research exclusively included patients with ischemic stroke, underscoring the 
need for future studies to encompass other stroke subtypes. Lastly, the study did not account for the potential influences 
of lymphocytes,31 platelets,32 diabetes mellitus on PSCI, which warrant further investigation.
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