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Specific gut microbiome 
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Introduction: Numerous studies have reported alterations in the composition 
of gut microbiota in patients with acute ischemic stroke (AIS), with changes 
becoming more pronounced as the disease progresses. However, the 
association between the progression of transient ischemic attack (TIA) and AIS 
remains unclear. This study aims to elucidate the microbial differences among 
TIA, AIS, and healthy controls (HC) while exploring the associations between 
disease progression and gut microbiota.

Methods: Fecal samples were collected from acute TIA patients (n  =  28), AIS 
patients (n  =  235), and healthy controls (n  =  75) and analyzed using 16  s rRNA 
gene sequencing. We  determined characteristic microbiota through linear 
discriminant analysis effect size and used the receiver operating characteristic 
(ROC) curve to assess their predictive value as diagnostic biomarkers.

Results: Our results showed significant gut microbial differences among the TIA, 
AIS, and HC groups. Patients with AIS exhibited higher abundances of Lactobacillus 
and Streptococcus, along with lower abundances of Butyricicoccaceae and 
Lachnospiraceae_UCG-004. Further analysis revealed that the abundance of 
characteristic bacteria, such as Lactobacillus and Streptococcus, was negatively 
correlated with HDL levels, while Lactobacillus was positively correlated 
with risk factors such as homocysteine (Hcy). In contrast, the abundance of 
Lachnospiraceae_UCG-004 was negatively correlated with both Hcy and 
D-dimer levels. ROC models based on the characteristic bacteria Streptococcus 
and Lactobacillus effectively distinguished TIA from AIS, yielding areas under the 
curve of 0.699 and 0.626, respectively.

Conclusion: We identified distinct changes in gut bacteria associated with the 
progression from TIA to AIS and highlighted specific characteristic bacteria as 
predictive biomarkers. Overall, our findings may promote the development of 
microbiome-oriented diagnostic methods for the early detection of AIS.
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1 Introduction

Acute ischemic stroke (AIS) is a leading cause of death and long-term disability worldwide, 
driven by complex and multifaceted etiological factors, including metabolic disorders, 
alterations in gut microbiota, and systemic inflammation. Although these traditional risk 
factors are crucial, they do not fully account for the variability in AIS occurrence and outcomes. 

OPEN ACCESS

EDITED BY

Kristy A. Nielson,  
Marquette University, United States

REVIEWED BY

Prabhakar Singh,  
Sathyabama Institute of Science and 
Technology, India
Avishek Roy,  
Karolinska Institute (KI), Sweden
Zhiyun Wang,  
First Affiliated Hospital of Zhengzhou 
University, China

*CORRESPONDENCE

Jiaming Liu  
 wzjiaming_liu@163.com  

Jing Sun  
 sunjwz@126.com

†These authors have contributed equally to 
this work

RECEIVED 20 June 2024
ACCEPTED 21 October 2024
PUBLISHED 08 November 2024

CITATION

Yu S, Shi J, Yu G, Xu J, Dong Y, Lin Y, Xie H, 
Liu J and Sun J (2024) Specific gut 
microbiome signatures predict the risk of 
acute ischemic stroke.
Front. Aging Neurosci. 16:1451968.
doi: 10.3389/fnagi.2024.1451968

COPYRIGHT

© 2024 Yu, Shi, Yu, Xu, Dong, Lin, Xie, Liu and 
Sun. This is an open-access article distributed 
under the terms of the Creative Commons 
Attribution License (CC BY). The use, 
distribution or reproduction in other forums is 
permitted, provided the original author(s) and 
the copyright owner(s) are credited and that 
the original publication in this journal is cited, 
in accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 08 November 2024
DOI 10.3389/fnagi.2024.1451968

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnagi.2024.1451968&domain=pdf&date_stamp=2024-11-08
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1451968/full
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1451968/full
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1451968/full
mailto:wzjiaming_liu@163.com
mailto:sunjwz@126.com
https://doi.org/10.3389/fnagi.2024.1451968
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://doi.org/10.3389/fnagi.2024.1451968


Yu et al. 10.3389/fnagi.2024.1451968

Frontiers in Aging Neuroscience 02 frontiersin.org

Notably, up to 15–30% of strokes are preceded by transient ischemic 
attack (TIA) (Rothwell et al., 2006; Rothwell and Warlow, 2005), which 
is characterized by a series of temporary neurological symptoms and 
serves as a strong predictor of subsequent stroke. The 90-day stroke 
risk after a TIA may be as high as 10–20%, with approximately half of 
these occurring within 2 days of the index event (Johnston et al., 2007; 
Hill et al., 2004). TIA, characterized by its suddenness, transience, and 
reversibility, is widely regarded as a high-risk factor for stroke and 
represents the optimal time window for prevention and intervention.

Due to the lack of precisely predictive biomarkers, a considerable 
proportion of TIA patients miss the critical window for preventive 
measures due to the lack of precise predictive biomarkers. Currently, the 
diagnosis of TIA primarily relies on medical history and imaging 
examinations. However, the insufficient sensitivity of imaging techniques 
and the potential for inaccurate recollection of symptoms by TIA patients 
create challenges for clinical diagnosis (Lima Filho et al., 2016; Amarenco 
et  al., 2012). Therefore, there is an urgent need to explore novel 
biomarkers that can effectively screen high-risk TIA patients who may 
experience a stroke and evaluate disease progression from TIA to AIS.

Emerging evidence has begun to reveal the intricate relationship 
between altered gut microbiota and AIS, highlighting their significant 
potential to impact both AIS risk and recovery. Recent studies have 
shown that fecal microbiota transfer (FMT) from healthy microbiota 
can confer neuroprotective effects after a stroke (Singh et al., 2016; Lee 
et al., 2020). Additionally, it has been confirmed that stroke can induce 
dysbiosis in the gut microbiota and compromise epithelial barrier 
integrity (Peh et al., 2022; Pluta et al., 2021), leading to an exaggerated 
immune response that contributes to brain injury.

Furthermore, changes in gut microbiota have been widely 
associated with various brain diseases, especially in patients with 
stroke, where significant alterations in gut microbiota composition 
have been observed. Clinical studies have reported a notable decrease 
in the abundance of Bacteroidetes in individuals with AIS (Plovier 
et al., 2017). In addition, expansion of Enterobacteriaceae in the gut 
has been identified in both clinical and animal studies (Xu et al., 2021).

Furthermore, the dysbiosis of gut microbiota can, in turn, affect 
stroke outcomes, and the depletion of gut microbiota by antibiotic 
pretreatment exacerbates the prognosis of stroke (Winek et al., 2016; 
Honarpisheh et al., 2022). In addition, changes in the gut microbiota 
profile were associated with the diagnosis of AIS patients. Our previous 
study established a diagnostic model and identified potential microbial 
biomarkers for AIS patients with H-type hypertension (Yu et al., 2023). 
Moreover, we revealed the gut microbiota in patients with post-stroke 
depression (PSD) was characterized by increased genus Streptococcus, 
Akkermansia, and Barnesiella, which were diagnostic microbial 
biomarkers of PSD (Yao et al., 2023). Our previous study showed that 
the abundance of pro-inflammatory bacterial genera, such as 
Streptococcus, Veillonella, and Acidaminococcus, was increased in 
lacunar cerebral infarction patients (Ma et al., 2024). Emerging evidence 
has shown that the abnormal gut microbiota may be a cause or result of 
disease, suggesting that gut microbiota might provide biomarkers for 
detecting the risk or progression of AIS. However, previous studies 
merely focused on the link between the microbiota and TIA or AIS, 
which remains unexplored as a novel microbiome signature for early 
detection as a signal for the progression of TIA to AIS.

In this study, we  aimed to characterize the alterations in gut 
microbiota among patients with TIA and AIS patients and further 
explored the associations between the characteristic microbiota and 

disease progression. These findings may encourage the development 
of microbiome-oriented diagnostics for predicting AIS.

2 Materials and methods

2.1 Participant recruitment

This study recruited 235 AIS patients, 28 TIA patients, and 75 
healthy controls (HC) who had not experienced cerebrovascular 
events. The participants were recruited from the Second Hospital of 
Wenzhou Medical University in China from September 2020 to May 
2024. The inclusion criteria were as follows: (1) admission within 72 h 
after AIS; (2) participants aged ≥18 years; (3) diagnosis of large-artery 
atherosclerosis confirmed by carotid artery ultrasound or transcranial 
Doppler sonography (TCD).

The exclusion criteria were as follows: (1) patients who had taken 
antibiotics or prebiotics that could disturb the gut microbiota within 
the past 3 months; (2) severe comorbid conditions (e.g., severe 
gastrointestinal disease, malignancy, respiratory failure, severe liver 
dysfunction, or renal failure), gastrointestinal surgery, or pregnancy; 
(3) clear causes of stroke or TIA unrelated to atherosclerosis (e.g., 
cervical artery dissection, cardiogenic cerebral infarction, perivascular 
procedural stroke, or other TOAST subtypes); (4) special dietary 
habits, such as vegetarianism.

AIS and TIA patients met the diagnostic criteria set by the 
American Heart Association/American Stroke Association (Sacco 
et al., 2013; Easton et al., 2009). All control participants underwent 
TCD, color Doppler flow imaging, and echocardiography to assess 
their cardiovascular health. The National Institutes of Health Stroke 
Scale (NIHSS) was used to assess the degree of neurological 
impairment (Zavaglia et al., 2015; Wu et al., 2015). This study was 
approved by the Medical Ethics Committee of the Second Affiliated 
Hospital of Wenzhou Medical University, and informed consent was 
obtained from all participants.

2.2 Demographic and clinical 
characteristics

The information on demographics (e.g., age and gender) was 
collected by trained researchers. Comorbidities like diabetes and 
hyperlipidemia (HL) were diagnosed by professionals of endocrinology. 
To determine lifestyle behaviors, we  also collected participants’ 
histories of smoking or drinking. Moreover, laboratory indexes 
involved fasting glucose (FBG), glycosylated hemoglobin (HbAlc), 
homocysteine (Hcy), triglycerides (TG), high-density lipoprotein 
cholesterol (HDL), and D-dimer were measured and recorded.

2.3 Fecal collection and gut microbiota 
analysis

Each fecal sample (200 mg) was obtained from patients during 
inpatient or outpatient visits. Control group members provided stool 
samples voluntarily at the health screening center.

To ensure the quality of fecal samples, we  used 2-mL sterile 
centrifuge tubes, froze them immediately in liquid nitrogen after 
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collection, and stored them at −80°C. DNA was extracted from 
collected samples by the E.Z.N.A.® Soil DNA Kit (Omega Bio-Tek, 
Norcross, GA, United States). For further detection, NanoDrop2000 
(Thermo Scientific, Wilmington, United States) was used to determine 
the DNA concentration and purity. Then, the high mutation region of 
16S ribosomal RNA (rRNA) was amplified. According to the 
manufacturer’s protocol, PCR products were recovered using 2% 
agarose gel, sequenced on the Illumina MiSeq platform (Illumina, San 
Diego, United States), and spliced using FLASH software.

Alpha diversity was quantified using the Ace and Shannon indices 
based on the Wilcoxon rank sum test. To further evaluate the overall 
ecology of the microbiome, β-diversity was calculated and visualized 
using a principal coordinates analysis (PCoA) diagram. The 
microbiota health index (MDI) was utilized to evaluate the degree of 
microbial dysbiosis, while microbiota composition was presented 
through bar charts at the phylum, family, and genus levels. In addition, 
linear discriminant analysis (LDA) effect size (LEfSe) was conducted 
to identify significant species capable of differentiating between 
groups, with a threshold LDA score set at >2. The correlation between 
the genus selected by LEfSe and clinical variables was visualized using 
a heatmap based on the Spearman correlation coefficient.

2.4 Statistical analysis

SPSS 26.0 software (SPSS, Chicago, United States) was used for 
the statistical analyses, and GraphPad Prism V.9.0.0 (La Jolla, CA, 
United States) was used for graph creation. PCoA diagram, MDI, 
and LDA analyses were carried out using R.1 Continuous variables 
follow a standard normal distribution (as inspected by the 

1 www.r-project.org

Kolmogorov–Smirnov test and the Shapiro–Wilk test) and were 
expressed by mean ± standard deviation (SD). As for the 
non-normally continuous variables, we used the non-parametric 
Mann–Whitney U-test or the Kruskal-Wallis test with Dunn’s 
correction for multiple comparisons to assess the significance of the 
differences among groups and expressed the result by the median 
and quartiles. Chi-square analysis assessed the significance of the 
differences between the groups for the nominal variables. 
Categorical variables were reported as the number of cases and 
percentages (%). A p-value of <0.05 was considered 
statistically significant.

3 Results

3.1 Study population characteristics at 
baseline

Eighteen participants were excluded due to the exclusion criteria, 
while nine individuals dropped out for failing to provide fecal 
samples or follow-up. The enrolled TIA patients had a median age of 
65 years (Q57.5, 73.5) and were 50% female (14 out of 28). The 
demographic and laboratory data of the recruited participants are 
shown in Table 1.

3.2 Diversity and distribution of gut 
microbiota among three groups

The α-diversity indices (Shannon index and Simpson index) did 
not significantly differ between HC and TIA groups or between HC 
and AIS (p > 0.05) (Figures 1A,B). However, α-diversity between TIA 
and AIS groups showed significant differences that suggested the 
discrepancy in microbial composition (p < 0.05) (Figures 1A,B). The 
PCoA diagram on the ASV level analyzed the potential principal 
components affecting the differences in community composition and 
reflected an obvious separation trend in three groups (p  < 0.05) 
(Figure 1C). The comparison of the MDI exhibited that the HC, TIA, 
and AIS groups had microbial dysbiosis (Figure 1D). In addition, MDI 
showed an increasing trend from TIA to AIS groups compared 
with HC.

At the phylum level (Figure 2A), the microbiota detected in this 
study predominantly belong to four phyla: Firmicutes, Proteobacteria, 
Bacteroidota, and Actinobacteriota. Notably, Proteobacteria exhibited 
a higher abundance in the TIA group compared to the other groups. 
According to Figure 2B, at the family level, the taxa Lachnospiraceae, 
Enterobacteriaceae, Ruminococcaceae, Bacteroidaceae, Streptococcaceae, 
Lactobacillaceae, Bifidobacteriaceae, and Prevotellaceae collectively 
comprise approximately 70% of the total microbial composition across 
the three groups (Figure 2B). In the TIA group, Enterobacteriaceae 
showed a greater abundance relative to other groups, while 
Ruminococcaceae had a lower representation.

Moreover, the characterization at the genus level was more 
intricate; 19 genera, including Escherichia-Shigella, Bacteroides, 
Blautia, Faecalibacterium, Lactobacillus, Streptococcus, 
Bifidobacterium, and Subdoligranulum, accounted for 60% of the total 
bacterial population (Figure  2C). Notably, the proportion of 
Escherichia-Shigella in the TIA group was significantly increased.

TABLE 1 Demographic and clinical characteristics at baseline.

Variables HC (n  =  75) Stroke (n  =  263)

TIA (n  =  28) AIS (n  =  235)

Age (years) 64 (56.5, 72.0) 65 (57.5, 73.5) 68 (60.0, 76.0)

Male (%) 38 (50.7) 14 (50.0) 110 (46.8)

Diabetes (%) 15 (20.00) 6 (21.40) 72 (30.60)

Hypertension (%) 41 (54.70) 15 (53.60) 178 (75.70)

Hyperlipemia (%) 35 (46.70) 10 (35.70) 107 (45.50)

Smoking (%) 10 (13.30) 5 (17.90) 58 (24.70)

Drinking (%) 17 (22.70) 6 (21.40) 61 (26.00)

D-dimer (μg/mL) 0.35 (0.23, 0.54) 0.32 (0.24, 0.57) 0.38 (0.28, 0.61)

HbA1c (%) 5.72(5.40, 6.35) 5.72(5.38, 6.25) 5.80 (5.49, 6.80)

FBG (mmol/L) 4.75 (4.46, 5.77) 4.89 (4.40, 5.71) 5.16 (4.78, 6.32)

Hcy (μmol/L) 10.2 (8.4, 12.8) 10.3 (9.5, 13.9) 10.9 (8.8, 12.9)

TG (mmol/L) 1.38 (1.085, 

2.08)

1.33 (1.15, 1.77) 1.48 (1.11, 1.96)

HDL (mol/L) 1.06 (0.87, 1.28) 1.09 (0.97, 1.33) 1.02 (0.88, 1.25)

HbA1c, glycosylated hemoglobin; FBG, fasting blood glucose; Hcy, homocysteine; TG, 
triglyceride; HDL, high-density lipoprotein.
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3.3 The difference in characteristic bacteria 
among the three groups

The comparisons of differences among the three groups were 
exhibited at the genus level (Figures  3A–C) and the family level 
(Figure  3D). At the family level, Butyricicoccaceae (p  < 0.05) 
displayed significant differences among the three groups (Figure 3D). 
At the genus level, Lactobacillus (p < 0.01), Streptococcus (p < 0.001), 
and Lachnospiraceae_UCG-004 (p  < 0.05) revealed significant 
differences (Figures  3A–C). In addition, Lactobacillus and 
Streptococcus showed a progressive increase tendency from HC and 
TIA to AIS, while Lachnospiraceae_UCG-004 displayed a decrease 
tendency. LDA discriminant histogram analyzed multi-level 
differential species and used LDA value to measure the influence of 
species on the differential effect, suggesting that the species might 
play a key role in the occurrence and development of diseases. As 
shown in Figure 3E, the LDA discriminant histogram revealed the 
most significant taxa representing differences among the three 
groups from family to genus level. A total of 26 taxa with an LDA 
score of >2 were selected as characteristic bacteria to distinguish 
three groups (Figure 3E).

3.4 Correlation analysis between 
characteristic bacteria and clinical 
indicators

The heatmap showed that the abundance of Lactobacillus 
displayed an increasing trend across the HC, TIA, and AIS groups. It 
was significantly positively correlated with the stroke risk factor Hcy 
(ρ = 0.2235, p < 0.05) and negatively correlated with HDL (ρ = −0.2395, 
p  < 0.05). Similarly, the abundance of Streptococcus exhibited a 
significant negative correlation with HDL (ρ = −0.1135, p < 0.05).

In contrast, the abundance of Lachnospiraceae_UCG-004, which 
exhibited a decreasing trend in the HC, TIA, and AIS groups, was 
significantly negatively correlated with the stroke risk factors D-dimer 
(ρ = −0.1393, p < 0.05) and Hcy (ρ = −0.1129, p < 0.05). Additionally, 
among the bacterial flora that increased in AIS patients compared to 
HC, the abundance of unclassified_c__Bacilli showed a significant 
positive correlation with D-dimer (ρ = 0.1125, p  < 0.05), HbA1c 
(ρ = 0.1291, p < 0.05), and Hcy (ρ = 0.1243, p < 0.05).

The abundance of Anaerovoracaceae was also positively correlated 
with D-dimer (ρ = 0.1259, p < 0.05) and HbA1c (ρ = 0.1146, p < 0.05) 
while demonstrating a significant negative correlation with 

FIGURE 1

Microbial diversity analysis among HC, TIA, and AIS groups. (A,B) Alpha-diversity analysis among three groups, comparing Shannon and Simpson 
indices (Wilcoxon rank-sum test). (C) PCoA diagram on the ASV level analyzed the potential principal components affecting the differences in 
community composition. (D) Comparison of the Microbial dysbiosis index (MDI) among three groups. *p  <  0.05, ***p  <  0.001.
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triglycerides (TG) (ρ = −0.1491, p < 0.05). Finally, the abundance of 
Synergistaceae exhibited a significant negative correlation with HDL 
(ρ = −0.1253, p < 0.05) (Figure 4).

3.5 Microbial biomarkers for prediction of 
AIS patients

According to the LDA discriminant histogram and heatmap 
diagram, we  screened out Lactobacillus and Streptococcus as the 

significant genus to distinguish TIA from AIS. As shown in Figure 5, 
Lactobacillus achieved an AUC value of 0.626 (p  < 0.05), and 
Streptococcus achieved an AUC value of 0.699 (p < 0.05).

4 Discussion

In this study, gut microbial diversity in the TIA and AIS 
groups exhibited significant distinctions compared with the 
HC group.

FIGURE 2

Microbial composition based on relative abundance among three groups. Circos diagram at the phylum level (A), bar diagram at the family level (B), 
and the genus level (C). Different colors and heights indicate the abundance ratios of different bacterial groups.
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AIS patients exhibited an enriched abundance of Lactobacillus and 
Streptococcus, along with a decreased abundance of Lachnospiraceae_
UCG-004. Moreover, further study revealed characteristic bacteria: 

the abundance of Lactobacillus and Streptococcus was negatively 
correlated with HDL, and Lactobacillus was positively correlated with 
risk factors Hcy. In contrast, the abundance of 

FIGURE 3

The difference of characteristic bacteria among the three groups. Histogram of bacterial differences based on Wilcoxon rank-sum test at family (D) and 
genus levels (A–C). (E) Histogram of LDA discrimination showing the phylogenetic relationships of bacteria taxa and LDA scores among three groups, 
based on LDA scores >2. *p  <  0.05, **p  <  0.01, ***p  <  0.001.
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Lachnospiraceae_UCG-004 negatively correlated with Hcy and 
D-dimer. Notably, ROC models based on the characteristic bacteria 
Lactobacillus and Streptococcus could effectively distinguish AIS 
patients from TIA patients. These results indicated that gut bacteria 
had the potential clinical utility to identify TIA patients who were 
likely to develop AIS.

Accumulating evidence indicated that gut microbiota played 
important roles in the occurrence and development of AIS. Our 
previous studies have demonstrated that gut microbiota composition 
significantly influences the outcome of AIS (Yu et al., 2023; Yao et al., 
2023; Ma et al., 2024; Shi et al., 2023). Furthermore, the microbial 
composition significantly changes during AIS (Xu et  al., 2021). 
Microbial alterations were also observed in animals subjected to 
stroke, such as the middle cerebral artery occlusion (MCAO) model 
(Kim et  al., 2020). This study showed that TIA and AIS patients, 
compared with healthy controls, exhibited distinct microbial diversity, 
an increased microbial dysbiosis index, and altered bacterial 
communities. Yin et al. revealed that patients with stroke and TIA 
showed significant dysbiosis of the gut microbiota (Yin et al., 2015). 
These findings suggested that altered gut microbiota might 
be implicated in the initiation and pathogenesis of stroke.

In this study, we characterized the dysbiosis of gut microbiota in 
the TIA and AIS groups, noting an enriched abundance of genera, 
such as Streptococcus and Lactobacillus, alongside a decreased 
abundance of short-chain fatty acids (SCFA)-producing bacteria, 
specifically Butyricicoccaceae and Lachnospiraceae_UCG-004, 
compared to the HC group. Notably, Lactobacillus and Streptococcus 
showed a progressive increase from HC to TIA and then to AIS, while 
Butyricicoccaceae and Lachnospiraceae_UCG-004 displayed a 
decreasing trend across the same groups.

Streptococcus is a Gram-positive bacterium (Good, 2020). 
Consistent with our findings, other studies reported an increased 
abundance of Streptococcus in stroke patients (Peh et al., 2022; Yu et al., 
2023; Sun et al., 2023). It has been suggested that Streptococcus can lead 
to endocarditis, promoting the occurrence of ischemic stroke 
(Stöllberger et al., 2003; Cao and Bi, 2019). In addition, Lactobacillus also 
showed an upward trend across the three groups. Lactobacillus has been 

extensively studied for its beneficial effects on human health (Avall-
Jääskeläinen and Palva, 2005; Slattery et al., 2019). However, the function 
of Lactobacillus can also vary depending on factors such as the host’s 
immune status, the specific strain of Lactobacillus, and the presence of 
underlying diseases (Goldstein et al., 2015). Consistent with our results, 
other studies have also indicated an increase in Lactobacillus among 
stroke patients (Yamashiro et al., 2017; Li et al., 2020; Ling et al., 2020).

Additionally, the abundance of Lachnospiraceae_UCG-004 in the 
AIS group decreased compared to the HC group. Lachnospiraceae_
UCG-004 was involved in the production of SCFAs (Jin et al., 2019; 
Huang et al., 2020). It was reported that SCFAs could relieve symptoms 
of the diseases by reducing neurotoxicity and neuroinflammation 
(Alpino et al., 2024; Zhang et al., 2021).

The pathogenesis of AIS has not been fully understood, but 
inflammation plays a pivotal role in the occurrence and progression 
of stroke (Chaturvedi and De Marchis, 2024; Kelly et  al., 2021; 
Candelario-Jalil et  al., 2022). Intense neuroinflammation, which 
occurred during the acute phase of stroke, was associated with blood–
brain barrier (BBB) breakdown, neuronal injury, and worse 
neurological outcomes (Simats and Liesz, 2022; Oh and Parikh, 2022). 
The systemic inflammatory state induced by metabolic disorders, such 
as higher Hcy, HBA1c, and TG, actively participates in AIS 
pathogenesis (Ge et al., 2022). Streptococcus was reported to trigger an 
inflammatory response by leading to systemic induction of interleukin 
(IL)-1 and profoundly exacerbated (50–90%) ischemic brain injury in 
rats and mice (Dénes et al., 2014). This is evidenced by the active 
secretion of a variety of inflammatory mediators by the adipose tissue 
in obese individuals, which compounds the effects of traditional AIS 
risk factors like hypertension and hyperlipidemia (Chait and den 
Hartigh, 2020). Emerging evidence indicated that dysbiosis of the gut 
microbiota could cause an imbalance of metabolites and thereby affect 
the progression of stroke. The abundance of Lachnospiraceae_
UCG-004, an SCFA-producing bacteria, decreased in the AIS group 
compared with the HC group. SCFA reduction might have a 
detrimental role in the whole setting of systemic inflammation. Chen 

FIGURE 4

Correlation analysis between characteristic bacteria and clinical 
indicators. The heatmap revealed associations between differential 
bacteria and clinical factors (based on Spearman). The red color was 
positively correlated, and blue color was negatively correlated. 
Deeper colors indicated higher correlation values. *p  <  0.05, 
**p  <  0.01, ***p  <  0.01.

FIGURE 5

ROC curve analysis of potential microbial biomarkers for prediction 
of AIS patients. The green line represented Streptococcus, which 
achieved an AUC value of 0.699 (p  <  0.05), and the purple line 
represented Lactobacillus, which achieved an AUC value of 0.626 
(p  <  0.05).
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R et al. confirmed that supplementation with butyrate in model rats 
of AIS could effectively remodel the gut microbiota and intestinal 
permeability and improve neurological deficits (Chen et al., 2019). 
SCFAs could alleviate hypertension, mitigate systemic inflammation, 
and decrease aortic atherosclerotic lesion area, which revealed the 
important association between SCFA-producing bacteria and vascular 
diseases (Dalile et al., 2019; Hu et al., 2022; Frampton et al., 2020). 
Animals subjected to the MCAO model, which mimics ischemic 
stroke, have been reported to have lower levels of SCFAs (Deleu et al., 
2021). SCFAs can decrease microglial activation and modulate the 
integrity of BBB (Duan et  al., 2023). In this study, we  elucidated 
potential increases in inflammatory bacteria and decreases in SCFA-
producing bacteria during the progression from TIA to 
AIS. Consequently, abnormal gut microbiota may influence the 
occurrence and progression of stroke through inflammatory responses 
and metabolite production.

In this study, our results showed that several risk factors for AIS, 
such as elevated D-dimer, HBA1c, Hcy, and TG, were associated with 
specific bacterial characteristics. A recent study demonstrated that AIS 
risk factors, such as metabolic disorders, hypertension, diabetes, 
obesity, and systemic inflammation, have been related to gut 
microbiota dysbiosis (Battaglini et  al., 2020). This dysbiosis 
subsequently exacerbates the outcomes of AIS. Additionally, 
we established a diagnostic model for AIS using several abundant 
bacteria, including Lactobacillus and Streptococcus; the AUC 
demonstrated satisfactory predictive performance. These findings 
suggest that AIS patients exhibit more significant differences in gut 
microbial composition compared to those with transient ischemic 
attack (TIA), indicating that characteristic bacteria may serve as 
diagnostic biomarkers for AIS.

However, this study still has several limitations. First, it was a 
single-center study, limiting the observation of dynamic changes 
between participants and their gut microbiota. Second, the 
correlation analysis between the microbiota and AIS did not 
establish a causal relationship. Further validation of the identified 
differential bacteria and metabolites is essential to elucidate the 
underlying mechanisms of their interactions. Finally, individual 
variations in dietary habits and drug use might influence the 
composition and function of gut microbiota. Therefore, further 
analyses are imperative to elucidate the nuanced relationship 
between gut microbiota and AIS. In addition, addressing these 
limitations through rigorous experimental design and larger-scale 
clinical studies will contribute to a more comprehensive 
understanding of the potential of characteristic bacteria in 
diagnosing AIS.

In conclusion, this study revealed that the gut microbiota of AIS 
and TIA patients undergo significant changes. Moreover, Streptococcus 
and Lactobacillus were microbial biomarkers for AIS, which was 
worthy of further study on clinical application. These findings assist 
in predicting AIS in TIA patients and facilitate early warnings for AIS.
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