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Abstract
Objective  This cross-sectional study aims to analyze the differences in gut flora between patients with epilepsy with 
and without cognitive impairment and normal subjects.

Methods  One hundred patients with epilepsy who came to our hospital from 2020.12 to 2022.12 (epilepsy group) 
were selected, and another 100 family members of the patients were selected as the control group (control group). 
Patients with epilepsy were further classified by the MMSE scale into 62 patients with combined cognitive impairment 
(Yes group) and 38 patients without cognitive impairment (No group). Detection of gut flora in feces by 16 S rRNA 
high-throughput sequencing. Logistic regression was used to analyze risk factors for cognitive dysfunction in patients 
with epilepsy.

Results  There were more significant differences in the structure and composition of the gut flora between 
patients in the epilepsy group and the control group, but no significant differences in diversity analysis (P > 0.05). 
Actinobacteriota, Faecalibacterium and Collinsella were significantly lower in the Yes group than in the No group 
(P < 0.05), and the Alpha diversity index was numerically slightly smaller than in the No group, with the PCoA analysis 
demonstrating a more dispersed situation in both groups. Five metabolic pathways, including glycolysis and 
heterolactic fermentation, were upregulated in the Yes group. LEfSe analysis showed that five groups of bacteria, 
including Coriobacteriaceae and Collinsella, were selected as marker species for the presence or absence of comorbid 
cognitive impairment. Of these, Collinsella, Oscillospirales, and Ruminococcaceae have a greater impact on epilepsy 
combined with cognitive impairment.

Conclusion  There was an imbalance in the gut flora of patients with epilepsy compared to healthy controls. The gut 
flora of patients with epilepsy with cognitive dysfunction differs significantly from that of patients without cognitive 
dysfunction. Collinsella, Oscillospirales, and Ruminococcaceae have a greater impact on epilepsy with cognitive 
dysfunction and can be used as an indicator for the observation of epilepsy with cognitive dysfunction.
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Introduction
Epilepsy is a chronic syndrome of sudden, transient, 
recurrent episodes of central nervous system malfunc-
tion caused by abnormal over-discharge of neurons in 
the brain. There are approximately 70  million cases of 
epilepsy worldwide, with nearly 80% living in develop-
ing countries with limited medical, social and other 
resources [1]. According to epidemiological data in 
China, as of 2021, there are about 10 million cases of epi-
lepsy in China, of which 30–40% of epilepsy patients are 
accompanied by varying degrees of cognitive dysfunction 
[2]. The main manifestations are memory loss, reduced 
attention and psychomotor speed, which can even cause 
mental retardation, seriously affecting the quality of life 
of patients and increasing the burden on their families 
and society. Early diagnosis and timely treatment of cog-
nitive impairment in epilepsy is therefore important for 
improving the prognosis of patients.

The gut flora are microorganisms in the gastrointesti-
nal tract that play a fundamental and important role in 
human biology [3]. The concept of the “microbe-gut-
brain axis” has attracted a great deal of research inter-
est in recent years. Many studies have shown that gut 
flora can be involved in the regulation of cognitive func-
tion through the “microbe-gut-brain axis” and is closely 
related to many diseases of the central nervous system, 
with alterations in patients with epilepsy, Parkinson’s dis-
ease, Alzheimer’s disease and others [4]. A large sample 
study found that the incidence of epilepsy was signifi-
cantly higher in people with bowel stress syndrome than 
in normal people [5]. A comparison of pediatric refrac-
tory epilepsy with healthy infants of the corresponding 
age group revealed an imbalance in gut microecology in 
infants with refractory epilepsy [6]. Another study found 
a correlation between epileptic waves and bowel move-
ment waves in the EEG of patients with epilepsy [7]. A 
study of intragastric treatment of mice with a mixture 
of antibiotics confirmed that dysbiosis of the gut flora, 
rather than a systemic antibiotic response, was respon-
sible for cognitive dysfunction [8]. Multiple studies have 
found changes in the gut microbiome in various neuro-
degenerative diseases, suggesting that the development of 
these diseases has a clear impact on the gut microbiome 
[9, 10]. This correlation implies that gut microbial dysbio-
sis plays a crucial role in changes in cognitive function. 
Therefore, modulating gut microbes may also alter cogni-
tive function in epilepsy patients. Based on this, we ana-
lyzed the structure of the gut flora in epileptic patients 
with and without cognitive dysfunction as well as in con-
trols using various techniques such as high-throughput 
Illumina Miseq sequencing of 16  S rRNA. In order to 
find the possible factors influencing the development of 
cognitive dysfunction in epilepsy patients and to provide 

new ideas for improving the prognosis of cognitive func-
tion in epilepsy patients.

Many studies have explored the relationship between 
gut microbiota and cognitive function in neurological 
disorders. For instance, research has shown that gut dys-
biosis is linked to Alzheimer’s disease, Parkinson’s dis-
ease, and epilepsy [6–10]. Despite these findings, there is 
limited understanding of the specific role of gut micro-
biota in cognitive impairment among epilepsy patients. 
This study aims to fill this gap by analyzing gut micro-
biota differences between epileptic patients with and 
without cognitive impairment. However, while this study 
focuses on the role of gut microbiota, it is important to 
acknowledge that cognitive decline in epilepsy is multi-
factorial. Factors such as seizure frequency, medication 
use, and psychiatric comorbidities also play significant 
roles.

Materials and methods
Patients’ population
Patients with epilepsy who came to our hospital between 
2020.12 and 2022.12 were selected, and all patients were 
required to be able to provide a qualified stool specimen 
and to cooperate in completing the questionnaire and 
signing the informed consent form. The study population 
was divided into 2 groups, the Epilepsy group (100 cases) 
and the healthy Control group (100 cases). The epilepsy 
group was subdivided into 2 subgroups, including the 
epilepsy group with combined cognitive impairment 
(Yes) and the epilepsy group without cognitive impair-
ment (No).

Inclusion criteria
Epilepsy group, based on the International League 
Against Epilepsy criteria: brain disorders that meet any 
of the following conditions: (i) at least two unprovoked 
(or reflex) seizures > 24  h apart; (ii) one unprovoked (or 
reflex) seizure with a probability of recurrence similar 
to the risk of recurrence after two unprovoked seizures 
(at least 60%) in the next 10 years; and (iii) diagnosis of 
epilepsy syndrome. Patients with epilepsy were included 
who met the diagnostic criteria for epilepsy. For the con-
trol group, healthy family members of patients with epi-
lepsy were selected.

Inclusion criteria for microbial studies: Referring to the 
Human Microbiology Project Consortium’s criteria for 
gut microbial studies, the inclusion criteria for this exper-
iment (epilepsy group and control group) were as follows: 
No hypertension, diabetes, digestive system, immune 
system or other diseases that may affect the stability of 
the gut flora; no history of drug use such as antibiotics, 
glucocorticoids, cytokines, high-dose probiotics and bio-
logics within 6 months; no invasive gastroscopy, colonos-
copy, barium meal gastrointestinal examination or other 
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digestive system-related surgeries within 6 months; no 
diarrhea or constipation within 6 months. No signifi-
cant change in dietary habits and no history of alcohol 
abuse. This study is approved by the Ethics Committee of 
Quanzhou First Hospital. In accordance with the Decla-
ration of Helsinki, written or oral informed consent was 
obtained from all patients prior to enrollment.

Exclusion criteria
(i) patients who have had epilepsy surgery or other intra-
cranial surgery; (ii) patients diagnosed with intracranial 
tumors, sequelae of central nervous system infections, 
hypoxic encephalopathy, metabolic encephalopathy, 
autism, schizophrenia, depression, anxiety, Parkinson’s 
disease, Alzheimer’s disease and other neurological and 
psychiatric disorders other than epilepsy; (iii) patients 
who have had epilepsy dietary therapy within 3 years.

Data acquisition
Basic information collected included age, sex, height, 
weight, education, age at onset, duration of illness, time 
from onset to first visit, time from onset to first use of 
AEDs, type of seizure, frequency of seizures, and use of 
AEDs. EEG and other supportive tests such as cranial CT 
or MRI were not included in the treatment protocol.

Research methods
Cognitive function tests
The MMSE (Mini-mental state examination) scale was 
used to assess the cognitive function of patients with epi-
lepsy who met the inclusion criteria and were assessed ≥ 1 
week after their most recent seizure; the study staff were 
clinicians trained as medical psychologists and were pro-
ficient in the use of the MMSE scale. The MMSE scale 
assesses cognitive function in relation to the educational 
level of the study participants, with < 17 for illiterate peo-
ple, < 20 for primary school students and < 24 for those 
with secondary school education and above being cog-
nitively impaired, and the lower the score the worse the 
cognitive function.

Sample collection
The same person collected the faecal samples, provided 
the collection tools and explained to the participants the 
collection method and collection instructions. Faecal 
samples were collected between 7am and 9am each day, 
placed in ice boxes and transferred to the − 80 °C freezer 
for freezing within 15 min and the time of collection was 
recorded.

16 S rRNA amplicon sequencing
16  S rRNA sequencing was performed using the Illu-
mina NovaSeq6000 sequencing platform. Sample DNA 
was detected and quality extracted using 1% agarose gel 

electrophoresis. The 16 S V3V4 gene region was selected 
for PCR amplification and the PCR primer sequences 
were: forward primer 5′-​C​C​T​A​C​G​G​G​A​G​G​C​A​G​C​A​G-3′, 
reverse primer 5′-GACTACHVGGGTWTCTAAT-3′. 
QIIME2 was used for sequence quality control, denois-
ing, clustering and diversity analysis. Alpha analysis was 
used to compare the diversity of the flora in the epilepsy 
and control groups, and the diversity of the flora in the 
epilepsy combined with cognitive dysfunction and epi-
lepsy without cognitive dysfunction groups. Beta diver-
sity was used to analyze the difference and concentration 
of the flora between the epilepsy and control groups, and 
the difference and concentration of the flora between 
epilepsy with cognitive impairment and epilepsy without 
cognitive impairment.

Statistical analysis
Statistical analysis was performed using SPSS 23.0 statis-
tical analysis software, and the measurement data were 
expressed as (±s) using the independent samples t-test; 
the count data were expressed as % using the χ2 test. Spe-
cies composition and Alpha diversity results were statisti-
cally analyzed using a one-way ANOVA test. Risk factors 
for cognitive dysfunction in patients with epilepsy were 
analyzed using univariate and logistic regression. P < 0.05 
was used as a criterion to determine whether the differ-
ence was statistically significant.

Results
Comparison of general information on subjects
In our study, the age range of patients in the epilepsy 
group was 11 to 59 years with a mean age of (26.94±6.21) 
years, of which 54 were males. Subjects in the normal 
group ranged in age from 27 to 65 years with a mean 
age of (41.66±6.87) years, of which 41 were males. For 
detailed information, please refer to Table 1. Based on the 
results of the MMSE assessment, the epileptic subjects 
were divided into a cognitive impairment group (Yes) 
and a normal cognitive function group (No), with the Yes 
group containing 62 individuals and the No group con-
taining 38 individuals.

Comparison of gut flora in patients with epilepsy and 
normal controls
Microbial composition and structural features
Amplicon sequence variants (ASVs) were obtained by 
clustering at 100% similarity, with 13,227 ASVs shared 
between the two groups of samples tested, 1965 unique 
to the control group and 1942 unique to the epilepsy 
group (Fig. 1A).

Figure  1B shows the histogram of relative abundance 
at the phylum level for the two groups of subjects. There 
was no significant difference in the relative abundance 
of each phylum between the two groups (P > 0.05). The 
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highest relative abundance of Firmicutes was over 50% 
(61.64% in the control group and 54.24% in the epilepsy 
group), followed by Bacteroidota (19.88% in the con-
trol group and 28.48% in the epilepsy group). The rela-
tive abundance of Firmicutes and Actinobacteriota were 
higher in the healthy control group than that in the epi-
leptic group, and the relative abundance of Bacteroid-
ota, Proteobacteria, Fusobacteriota, Verrucomicrobiota, 
Desulfobacterota, Synergistota, and Euryarchaeota in the 
healthy control group were lower than that in the epilep-
tic group.

The results of the genus-level analysis (Fig. 1C) showed 
that among the top 10 genera in relative abundance, Bac-
teroides was significantly higher (P < 0.05) in the YES 
group (16.06%) than in the NO group (7.57%), while the 
rest were not significantly different (P > 0.05). The rela-
tive abundance of Bacteroides, Prevotella, Megamonas, 

Roseburia, and Escherichia, Agathobacter was higher in 
the YES group, while Faecalibacterium, Collinsella, Bifi-
dobacterium, and Subdoligranulum were enriched in the 
NO group.

Microbial diversity analysis and its differences
We analyzed Alpha and Beta diversity in subjects, in 
order to assess changes in gut microbial diversity. Alpha 
diversity statistics showed no significant differences 
(P > 0.05) in shannon, simpson, chao1, and ace indices 
between the two sample groups (Table 2), with the epi-
lepsy group having slightly higher values of shannon and 
ace indices than the control group. Bray-Curtis based 
PCoA analysis (Fig. 2A) showed no significant difference 
between the two sample groups (P > 0.05). It is suggested 
that the diversity of the gut flora of the epileptic group 
did not differ significantly from that of its relatives, the 
healthy controls. LEfSe results showed that only slackia 
of Actinobacteriota was the hallmark species of the epi-
leptic group (Fig. 2B).

Comparison of gut flora in patients with and without 
cognitive dysfunctional epilepsy
Microbial composition and structural features
The two groups tested shared 8618 ASVs, 3419 unique to 
the Yes group and 2734 unique to the No group (Fig. 3A).

Figure 3B shows the histogram of relative abundance at 
the gate level between the two groups. The results show 
that the relative abundance of Bacteroidota, Desulfobac-
terota, Fusobacteriota, Proteobacteria and Synergistota 
were all higher in the Yes group than in the No group, but 
the differences were not statistically significant (P > 0.05). 
The relative abundance of Firmicutes, Actinobacteriota, 
Verrucomicrobiota, and Euryarchaeota were all lower 
than that of the No group, with Actinobacteriota showing 
a significant difference between the two groups (P < 0.05).

The results of the genus level analysis (Fig. 3C) showed 
that, among the top 10 genera in relative abundance, the 
relative abundance of Bacteroides, Prevotella, Megamo-
nas, Escherichia-Shigella, Roseburia and Agathobacter 
were all higher in the Yes group than in the No group, but 
there was no significant difference between the groups 
(P > 0.05). The relative abundances of Faecalibacterium, 
Collinsella, Bifidobacterium and Subdoligranulum were 
all lower than those of the No group, with Faecalibacte-
rium and Collinsella significantly different between the 
two groups (P < 0.05).

Analysis of microbial diversity and its differences
To assess the changes in gut microbial diversity in the 
two groups of patients with epilepsy, we analyzed the 
Alpha and Beta diversity of the patients. the Alpha 
diversity statistics showed that the Yes group samples 
were slightly smaller than the No group in terms of the 

Table 1  General information of subjects (x ±s)
General Information Epilepsy(n = 100) Control(n = 100)
Age(years) 26.94±6.21 41.66±6.87
Gender(Male/Female, No.) 54/46 41/59
Height (cm) 172.63±9.54 175.83±15.10
Weight (kg) 60.25±4.33 59.81±4.25
Educational level[No.(%)]
Primary school 9(9%) —
Junior high school 46(46%) —
Senior high school 32(32%) —
College level or above 13(13%) —
Onset age(years) 15.34±6.77 —
Disease duration
≤1 year 18(18%) —
> 1 year and ≤ 5 years 37(37%) —
> 5 years and ≤ 10 years 27(27%) —
> 10 years and ≤ 20 years 16(16%) —
> 20 years 2(2%) —
Time from onset to first 
visit(Weeks)

3.36±0.56 —

Time between onset and first 
use of AEDs(Weeks)

4.88±0.63 —

Seizure type
Partial seizure 32(32%) —
General seizure secondary to 
partial seizure

11(11%) —

General seizure 57(57%) —
Seizure frequency
Seizures within a week 18(18%) —
Seizures within one month 22(22%) —
Seizures within a quarter 31(31%) —
Seizures within 6 months 29(29%) —
AEDs usage(species)
0 6(6%) —
1 57(57%) —
2 30(30%) —
≥ 3 7(7%) —
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values of shannon, simpson, chao1 and ace indices, but 
there was no significant difference between the groups 
(P > 0.05) (Table  3). The Bray-Curtis PCoA analysis 
(Fig. 4A) showed that there was a small amount of overlap 
between the two sets of samples, with an overall greater 
dispersion. To explore the taxa that differed between the 
two patient groups, we performed LEfSe analysis, which 
revealed Coriobacteriaceae, Collinsella, Coriobacteriia, 
Coriobacteriales, Oscillospirales, and Ruminococcaceae 
as the marker species in the No group (Fig. 4B).

Functional forecasts
We analyzed the enrichment of intestinal flora in the 
METACYC metabolic pathway in both groups of patients 

based on PICRUSt2 functional predictions (Fig.  5). A 
total of six metabolic pathways were significantly differ-
ent between groups (P < 0.05), namely: P341-PWY gly-
colysis V_Pyrococcus, PWY-2941  L-lysine biosynthesis 
II, P124-PWY Bifidobacterium shunt, P122-PWY het-
erolactic fermentation, ARGORNPROST-PWY arginine 
ornithine and proline interconversion, PWY-6471 pep-
tidoglycan biosynthesis IV_Enterococcus faecium. The 
abundance of P124-PWY Bifidobacterium shunt was up-
regulated in the No group, while the abundance of the 
remaining metabolic pathways were up-regulated in the 
Yes group.

Table 2  Statistical analysis of alpha diversity in both groups
Diversity Index shannon simpson chao1 ace
control groups 10.59±0.68 1.00±0.00 4228.93±954.48 4081.38±1064.71
epilepsy groups 10.74±0.41 1.00±0.00 3889.09±854.85 4207.30±1128.56
P value 0.498 0.231 0.145 0.764

Fig. 1  Microbial composition and structural characteristics of the epileptic and normal groups. (A) Venn diagram of ASVs for both groups of subjects; (B) 
Relative abundance of each group at the door level for both groups of subjects; (C) Relative abundance of the top 10 genera ranked at the genus level 
in the two groups of subjects
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Logistic regression analysis of factors influencing cognitive 
dysfunction in patients with epilepsy
Six intergroup marker species from the Yes group of 
patients with combined cognitive impairment epilepsy 
in the LEfSe analysis were analyzed with logistic regres-
sions against the No group of patients with no cognitive 
impairment epilepsy (Table  4). The results showed that 
Collinsella, Oscillospirales, and Ruminococcaceae had a 
greater effect on combined cognitive impairment in epi-
lepsy. The logistic regression analysis has been updated 

to include additional factors such as education level, 
duration of epilepsy, use of ASM, types of epilepsy, sei-
zure frequency, co-existent psychiatric illness, age, and 
gender. This provides a more comprehensive understand-
ing of the risk factors.

Discussion
The human intestinal flora is complex in composition, 
containing over a hundred species of bacteria with a 
total of approximately 104 microorganisms, which can 

Fig. 2  Analysis of microbial diversity in the epileptic and normal groups and its differences. (A) PCoA analysis of gut microorganisms in two groups of 
subjects; (B) Markers of between-group differences in LEfSe analysis in two groups of subjects
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produce more than 1.5 kg of biomass [11] and are impor-
tant in maintaining a dynamic metabolic ecological bal-
ance. In recent years an increasing number of animal and 
clinical studies have shown that gut microbes are associ-
ated with various psychiatric, neurological and neuro-
degenerative disorders such as epilepsy, demyelinating 
diseases of the central nervous system, Parkinson’s dis-
ease and Alzheimer’s disease. Changes in gut microbes, 
with or without a central role in the pathophysiology 
of these psychiatric and neurological disorders, have 
increasingly become a hot topic of research in the psy-
chiatric and neurological fields [4]. The interaction of 
gut flora with the gut and brain is known as the “gut 
flora-gut-brain axis” [12], where gut flora contributes 

to the maturation of the neuroendocrine system, regu-
lating neural circuits and stress behavior [13]. Studies 
have shown that the overproduction of certain metabo-
lites synthesised by gut microbes, such as short-chain 
fatty acids (SCFAs) and p-cresol sulfates, interferes with 
microglia function and triggers misfolding of alpha-synu-
clein, which can accumulate inside neurons and cause 
damage [14]. Thus alterations in the composition of the 
gut microbiota, i.e. dysbiosis, may affect the motor, cog-
nitive and emotional functions of the brain through the 
gut flora-gut-brain axis pathway [15].

Epilepsy is a clinical syndrome caused by highly syn-
chronized abnormal discharges of central neurons 
due to multiple factors. The pathogenesis of epilepsy 

Table 3  Statistical analysis of alpha diversity in both groups
Diversity Index shannon simpson chao1 ace
Yes groups 10.62±0.45 1.00±0.00 3669.71±737.10 4031.52±1230.01
No groups 10.93±0.26 1.00±0.00 4273.00±1020.03 4488.56±1006.31
P value 0.193 0.138 0.904 0.502

Fig. 3  Microbial composition and structural characteristics of the two groups of patients. (A) Venn diagram of ASVs in both groups; (B) Relative abun-
dance of each group at the portal level for both groups of patients; (C) Relative abundance of the top 10 genera in both groups
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is complex and not yet fully elucidated, with an imbal-
ance of inhibitory-excitatory neurotransmitters thought 
to be an important factor in seizures. The mechanisms 
by which intestinal flora affect the development of epi-
lepsy are still not specifically understood. According to 
current research evidence, intestinal flora can produce 
GABA, glutamate and 5-hydroxytryptamine, as well as 
their precursors (e.g. tryptophan), which affect the excit-
atory-inhibitory balance of nerve cells [16]. This suggests 

a potential clinical diagnostic and therapeutic value of 
intestinal flora in brain disorders.

This study began with a comparative analysis of the gut 
microbiota of patients with epilepsy and their healthy 
family members. The probability of developing gastro-
intestinal disorders increases with age, and other stud-
ies have shown that a high proportion of gastrointestinal 
disorders coexist with neurodegenerative diseases, sug-
gesting that dysbiosis of the gut flora can influence the 

Fig. 4  Analysis of microbial diversity and its differences between the two groups of patients. (A) PCoA analysis of intestinal microorganisms in two groups 
of patients; (B) Markers of between-group differences in LEfSe analysis between the two groups of patients
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development and progression of neurological disorders 
[17]. Significant differences in the composition of the 
gut flora between patients with epilepsy and healthy vol-
unteers have been shown [18]. The results showed that 
the composition of the gut flora of the members of the 
epileptic group differed from that of the normal control 
group in terms of relative abundance at both the gate 
level and the genus level, suggesting a possible dysbiosis 
of the gut flora in the epileptic group. There was no sig-
nificant difference in intestinal flora diversity between the 
two groups of subjects in this study. Analysis of the rea-
sons for this may be due to the fact that the two groups 
of subjects, as family members, shared similar lifestyles, 
dietary habits and living environments, and therefore 
there was no significant difference in intestinal flora.

Cognitive dysfunction is a common complication of 
epilepsy, which manifests as complete or partial impair-
ment of different cognitive domains such as attention, 
memory, naming, visuospatial ability, and executive func-
tion ability [19], and as a type of neurodegenerative disor-
der that severely affects the quality of life of patients. The 

development of neurodegenerative diseases is accompa-
nied by changes in the intestinal flora and its associated 
metabolites [20]. This study further divided the patients 
in the epilepsy group into a Yes group with combined 
cognitive dysfunction and a No group without cognitive 
dysfunction by using the MMSE scale. The comparison 
showed that the relative abundance of gut flora at the 
phylum level and genus level differed more significantly 
between the two groups in both value and ranking, and 
the Beta diversity of the two groups showed a more scat-
tered profile, indicating differences in the structure and 
composition of the gut flora between the two groups of 
patients. Thus, gut flora could be an important factor in 
the evaluation of cognitive impairment in combination 
with epilepsy.

Gut flora gene function was assessed by PICRUSt2 
analysis in the epilepsy group with and without cogni-
tive impairment. High lactate/glucose ratios have been 
reported to lead to central fatigue, cognitive impairment 
and some visible seizures [21]. The findings that glycolysis 
V and heterotactic fermentation are richly upregulated in 

Table 4  Logistic regression analysis of cognitive dysfunction in patients with epilepsy
Independent variable β SE WaldX² df P OR(95%CI)
Coriobacteriaceae 0.172 0.455 0.143 1 0.239 1.188
Collinsella 0.603 0.164 13.519 1 0.000 1.828
Coriobacteriia 0.470 0.570 0.680 1 0.410 1.600
Coriobacteriales 0.042 0.659 0.004 1 0.813 1.043
Oscillospirales 0.596 0.252 5.594 1 0.005 1.815
Ruminococcaceae 0.413 0.382 1.169 1 0.026 1.511

Fig. 5  Metabolic pathways that differed significantly between groups
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patients with cognitive dysfunction are consistent with 
previous results, suggesting that glycolysis and lactate 
play an important role in the regulation of neurological 
disorders. Peptidoglycan is a major component of the cell 
wall of bacteria, Enterococcus faecium, which is a normal 
flora of the human body and also an important patho-
gen for opportunistic infections, but no studies have yet 
shown an association with epilepsy or cognitive dysfunc-
tion. The reason for the upregulation of the peptidogly-
can biosynthesis IV_Enterococcus faecium metabolic 
pathway in patients with combined cognitive impairment 
in this study is unclear and needs to be further explored.

This study demonstrated the species of difference 
between the two groups with and without comorbid 
cognitive dysfunction in epilepsy by LEfSe analysis and 
further analyzed the correlation between species of dif-
ference and comorbid cognitive dysfunction in epi-
lepsy by logistics regression. Collinsella, Oscillospirales, 
and Ruminococcaceae produce short-chain fatty acids 
(SCFAs) [22], which are key signaling molecules in the 
gut-brain axis and can cross the blood-brain barrier 
(BBB) to regulate neuronal and microglial functions. 
SCFAs have been shown to reduce neuroinflammation 
and improve blood-brain barrier integrity, suggesting 
their potential in preventing neurodegenerative diseases 
[23]. However, these bacteria may also have detrimental 
effects in the context of epilepsy combined with cogni-
tive impairment. Further research is needed to elucidate 
the complex roles of these microorganisms in different 
neurological conditions. Wenzel et al. [24] found that 
SCFAs reduced IL-1β, the monocyte chemotactic pro-
tein MCP-1/CCL2, TNF-α and cytotoxic production by 
immunostimulant THP-1 cells, inhibiting neuroinflam-
mation during the development of Alzheimer’s disease. 
Liu et al. [25] found that SCFAs upregulated the expres-
sion of the tight junction proteins Occluding and Z0-1 in 
the brains of mice with septic encephalopathy to increase 
blood-brain barrier integrity, downregulated the expres-
sion of the inflammatory pathways JNK and NF-κBp65, 
and reduced inflammatory factors, alleviating neuro-
inflammation and reducing neuronal degeneration and 
behavioral deficits in mice. The above evidence suggests 
that short-chain fatty acids may be a potential target for 
the prevention of neurodegenerative diseases, but the 
mechanisms by which the dynamics of SCFAs interact 
with cognitive function need further investigation.

A significant limitation of this study is the exclusive 
use of the Mini-Mental State Examination (MMSE) 
to assess cognitive impairment. While the MMSE is a 
widely used screening tool, it primarily assesses certain 
cognitive domains and may not detect subtle or multifac-
torial cognitive impairments in epilepsy patients. It also 
has educational and ceiling biases, which can misclassify 
cognitive status. Future research should incorporate a 

broader battery of neuropsychological tests and account 
for demographic variables to provide a more compre-
hensive assessment of cognitive impairment in epilepsy 
patients. Despite its limitations, the MMSE offered a 
practical screening method. Besides, the high prevalence 
of cognitive impairment in our epilepsy cohort may be 
due to factors such as the severity of epilepsy, duration of 
the disease, and comorbid conditions. Further research is 
needed to explore these associations.

Conclusion
In summary, there was an imbalance in the gut flora of 
patients with epilepsy compared to healthy controls, but 
no significant differences were found. The intestinal flora 
of patients with combined cognitive dysfunction epilepsy 
differed more significantly from those without cognitive 
dysfunction epilepsy, with Collinsella, Oscillospirales, 
and Ruminococcaceae having a greater impact on com-
bined cognitive impairment epilepsy, which can be used 
as one of the observation indicators for combined cogni-
tive impairment epilepsy.
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