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Abstract.
Background: Dysbiosis of gut microbiota has been reported to be enrolled in the pathogenesis of Alzheimer’s disease (AD).
However, there is a lack of relevant studies on this topic in Egyptian patients with AD.
Objective: To investigate different species of gut microbiota in Egyptian patients with AD and correlate microbiota bacterial
abundance with clinical data.
Methods: The study included 25 patients with AD and 25 healthy volunteers as age and sex-matched controls. Clinical
data was taken for each patient, including medical history and examination; Mini-Mental State Examination (MMSE) and
Montreal Cognitive Assessment (MoCA) were assessed for each participant. Bacterial DNA was extracted from stool, and
abundance quantified via qPCR using 16S rRNA group-specific primers.
Results: Akkermansia, Enterobacteria, Bacteroidetes, Bacillus cereus, Prevotella, and Clostridium cluster IV were more
abundant in the AD group than in the control group, although there was significantly less abundance of Bifidobacterium
spp., Firmicutes, and Actinobacteria in patients with AD than in controls, whereas no such significance was found for lactic
acid bacteria between both groups. Lactic acid bacteria and Prevotella abundance was negatively correlated with cognitive
impairment (p = 0.03 with MMSE, and p = 0.03 with MoCA). Prevotella abundance was positively correlated with age of
onset and duration of illness and negatively correlated with smoking and coronary heart disease (p = 0.007, p = 0.03, p = 0.035,
and p = 0.047, respectively).
Conclusion: The current work highlighted a significant relationship between AD and gut microbiota dysbiosis. A higher
abundance of Prevotella species and lactic acid bacteria was correlated with cognition.
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INTRODUCTION

Alzheimer’s disease (AD) is the prevalent form
of dementia, accounting for 60–80% of all demen-
tias, and ranks as the 6th most significant cause
of mortality in the United States [1]. Neuropathol-
ogy hallmarks of AD include extracellular amyloid-�
(A�), senile plaques, and neurofibrillary tangles [2].

ISSN 1387-2877/$35.00 © 2022 – IOS Press. All rights reserved.



1104 E.M. Khedr et al. / Microbiotal Alteration in Alzheimer’s Disease

AD is a disease that worsens with age and is becom-
ing more common globally, especially in people older
than 60. However, only a few epidemiological stud-
ies have estimated the prevalence rate of dementia,
especially in Arabic countries. The first study was
completed by Farrag et al., who reported a crude
prevalence rate (CPR) of 4.5 of all dementias and
2.2/100 for AD [3]. Subsequently, Khedr et al. found
that the CPR of all dementias was 5.07/100; the
highest prevalence rate was recorded among sub-
jects above 85 years old [4]. This recent transition
in demographics places AD in a new era that requires
investigation.

Gut bacteria have been shown to play a critical part
in bowel and brain function regulation to enhance
the initiation and progression of a variety of diseases,
including Parkinson’s disease, multiple sclerosis, and
AD [5, 6]. The gut microbiota diversity decreases
in the elderly and patients with AD. The intesti-
nal microbiota is beneficial for human health, as it
maintains the mucosal barrier integrity, inhibits adhe-
sion of pathogens to the intestinal mucosa, produces
vitamin K and short-chain fatty acids (SCFAs), and
helps regulation and maturation of the immune sys-
tem [7, 8].

Microbiota dysbiosis may alter or trigger AD
development by increasing the gut and blood-brain
barrier permeability. In addition, the gut micro-
biota can emit substantial amounts of amyloids and
lipopolysaccharides (LPS) that can alter signaling
pathways and produce proinflammatory cytokines
that have a role in AD [9].

A shift in the composition of the gut microbiota
has been recorded in relation to age, with lowering
of certain beneficial bacteria, such as Bacteroidetes,
Lactobacillus, and Bifidobacterium in the elderly [10,
11]. Other studies recorded that several specific bac-
terial groups such as Bifidobacterium, Lactobacillus,
and Faecali bacterium could modulate inflammation
of gut epithelium [12, 13].This disparity between
different studies could be due to differences in
gut microbiota species, criteria used for diagno-
sis of AD, dietary habits, or geographical distri-
butions.

Currently, there is a lack of studies, particularly in
Egypt that have directly analyzed the gut microbio-
tas relationship with AD. Therefore, this study aimed
to assess the composition of different gut microbiota
species in patients with AD and in healthy controls
with matched age, sex, and education and correlate
their microbiota abundance with clinical data and
cognitive function.

MATERIALS AND METHODS

In this case-control study, 25 cases with AD and
25 healthy volunteers matched by age, sex, and edu-
cation were enrolled. All patients with AD were
recruited from Aswan University Hospital outpatient
clinic from May 2020 to February 2021.

The diagnosis of AD was made using the Diag-
nostic and Statistical Manual of Mental Disorders-
Fourth edition (DSM IV-TR) criteria [14], and the
criteria of the National Institute of Neurological and
Communicative Disorders Association [15]. These
criteria included: the development of multiple cogni-
tive deficits manifested by both memory impairment
(anterograde amnesia) and one or more of the fol-
lowing: aphasia, apraxia, agnosia, and disturbance
of executive functioning with intact consciousness.
These cognitive deficits cause significant impairment
of social and occupational functioning. The course is
characterized by gradual onset and progressive cog-
nitive decline for at least 1 year. These cognitive
deficits are not due to other central nervous sys-
tem disease that causing progressive dementia such
as (cerebrovascular disease, psychiatric disorders,
delirium, tumors, normal pressure hydrocephalus,
Parkinson’s disease, Huntington’s disease, or sub-
dural hematoma) [16]. Furthermore, a score of less
than four on Hachinski’s ischemia score [17] was
used.

Patients with symptoms that could indicate another
type of dementia, resulting from head injury, cere-
brovascular stroke, encephalitis, metabolic disorder,
previous abdominal surgery, autoimmune disease,
type-1 diabetes, or irritable bowel syndrome, were
excluded. Patients under treatment with antibiotics or
probiotic supplements for at least one month before
obtaining fecal samples were excluded. Patients tak-
ing COMT inhibitors and metformin, both of which
have been found to impact gut flora, were also elim-
inated.

To confirm the presence of diffuse brain atrophy
and rule out other causes of dementia, magnetic
resonance imaging was performed on all patient
brains. Clinical data, including demographic data,
age of onset, duration of disease, and associated risk
factors. Mini-Mental State Examination (MMSE)
[18] and Montreal Cognitive Assessment (MoCA)
[19] (https://www.mocatest.org), Arabic version, was
assessed for each participant. The control group
included 25 healthy volunteers, and this age, sex, and
education matched group was used to compare gut
microbiota.
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Fecal sample processing and extraction

Stools were collected from patients and stored
immediately after collection in sterile containers at
–70◦C upon arrival in the laboratory, Aswan Uni-
versity Hospital. Bacterial DNA was extracted from
thawed stool samples using the QIAamp® DNA Stool
Mini Kit (Qiagen GmbH, Germany, Cat No 12830-
50), according to the manufacturer’s protocol.

Bacterial abundance was quantified via qPCR
using SYBR Green qPCR in a Rotorgene 3000
(Corbett Life Science, Australia) with 16S rRNA
group-specific primers. The PCR reaction mixture
and serial DNA dilution of typical strains were pre-
pared according to Pirkera et al. [20].

Consent and ethical approval

Written informed consent was obtained from each
participant after discussion of all aspects of the study.
The study was authorized by the local ethical council
of Aswan University, Egypt, with approval number
374/6/19. The study was performed in compliance
with the Helsinki Declaration of 1975 and accord-
ing to the ethical requirements of the institution’s
Committee on Human Experimentation.

Statistical analysis

IBM® SPSS® Statistics Version 26 for Windows
was used to conduct the statistical analysis. Mean
and standard deviation values were computed for
each group in each test. Number and percent (N,
percent) represent categorical variables while mean
and standard deviation were used to express contin-
uous variables (mean, SD). The chi-square test and
the Fisher exact test were used to compare categor-
ical variables, and the independent sample Mann–
Whitney test was employed to analyze continuous
variables. Spearman correlation was used to corre-
late the microbiome with the clinical data. A p-value
< 0.05 was set as the significance level.

RESULTS

The fifty participants were categorized into 25
with AD and 25 healthy controls. The mean age
in the AD group was 68.92 ± 7.56 years, with no
significant difference to that of the control group.
Females represented more than half of the par-
ticipants (56%) in each group with no significant
difference between the groups. Similarly, there was

Table 1
Demographic, clinical data and risk factors of Alzheimer disease

patients and control groups

Alzheimer Control p
disease group (n = 25)

(n = 25)

Age (yrs)
Range 57–84 53–82
Mean ± SD 68.92 ± 7.56 66.76 ± 8.8 0.356

Sex No. (%) Male 11 (44%) 11 (44%)
Female 14 (56%) 14 (56%) 1.000

Education, years
Range 0–16 1–16 0.664
Mean ± SD 9.32 ± 4.98 9.96 ± 5.37

Smoking
Yes 4(16%) 1(4%)
No 21(84%) 24(96%) 0.349

Hypertension No. (%)
Yes 6(24%) 7(28%) 0.747
No 19(76%) 18(72%)

Diabetes mellitus No. (%)
Yes 3(12%) 1(4%) 0.297
No 22(88%) 24(96%)

Dyslipidemia No. (%)
Yes 7(28%) 3(12%) 0.157
No 18(72%) 22(88%)

Coronary heart disease No. (%)
Yes 3(12%) 5(20%) 0.440
No 22(88%) 20(80%)

Age of onset of illness (years)
Range 56–80
Mean ± SD 66.68 ± 6.47 – –

Duration of illness (months)
Range 12–84
Mean ± SD 26.88 ± 17.42 –

Mini-mental state scores
Range 7–20 24–30
Mean ± SD 13.4 ± 4.49 28.08 ± 1.66 < 0.001∗∗

Montreal cognitive score
Range 5–18 26–30
Mean ± SD 11.52 ± 4.27 27.76 ± 1.51 < 0.001∗∗

∗Significant p value, ∗∗Highly significant p value.

no significant difference regarding comorbidities,
such as hypertension, diabetes mellitus, dyslipi-
demia, or coronary heart disease, between either
group (Table 1).

Analysis of isolated microbiota RNA showed there
were greater abundances of several species, including
Akkermansia, Enterobacteria, Bacteroidetes, Bacil-
lus cereus, Prevotella, and Clostridium cluster IV, in
the AD group relative to those in the control group,
although the abundances of Bifidobacterium, Fir-
micutes, and Actinobacteria spp. were significantly
lower in the AD group. No significant difference
between the groups was observed for the abundance
lactic acid bacteria (Fig. 1).

In the AD group, there was no significant differ-
ence between males and females (p > 0.05), although
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Table 2
Comparison between microbiota items among Alzheimer disease patients and control groups according to male & female

Alzheimer disease group Control group
(n = 25) (n = 25)

Male Female p Male Female p
(n = 11) (n = 14) (n = 11) (n = 14)

Akkermansia 8.48 ± 1.96 7.59 ± 1.95 0.267 6.21 ± 1.99 6.97 ± 1.16 0.265
Enterobacteria 13.17 ± 4.68 11.26 ± 3.65 0.263 9.17 ± 1.31 9.37 ± 1.74 0.750
Bacteroidetes 10.49 ± 3.39 8.39 ± 3.09 0.119 5.99 ± 1.88 7.41 ± 2.07 0.089
Bacillus cereus 11.65 ± 2 11.71 ± 1.98 0.932 9.57 ± 1.31 8.85 ± 1.29 0.181
Prevotella 10.49 ± 1.35 11.23 ± 1.24 0.170 7.39 ± 1.1 8.45 ± 1.12 0.028∗
Clostridium cluster IV 12.46 ± 3.74 11.51 ± 3.35 0.511 7.15 ± 0.92 8.59 ± 1.08 0.002∗∗
Lactic acid bacteria 13.36 ± 1.7 11.81 ± 1.94 0.047∗ 10.63 ± 3.77 10.77 ± 4.5 0.936
Bfidobacteriumspp 9.18 ± 1.59 8.84 ± 1.8 0.620 11.21 ± 1.62 11.26 ± 1.55 0.941
Firmicutes 7.05 ± 2.02 7.23 ± 1.9 0.818 9.06 ± 1.32 8.85 ± 1.48 0.706
Actinobacter 8.84 ± 1.76 8.92 ± 1.58 0.904 12.2 ± 1.65 12.26 ± 1.52 0.929
∗Significant p value, ∗∗Highly significant p value.

Fig. 1. The composition of the isolated microbiota in both Alz-
heimer’s disease group and the control group.

lactic acid bacteria were significantly less abundant
in females than in males in the AD group (p = 0.04),
whereas no such difference was present in the controls
(Table 2). In the AD group, the MMSE score had a
significant negative correlation with the abundance of
lactic acid bacteria (r = –0.43 and p = 0.03) but did not
significantly correlate with abundances of another gut
microbiota (Table 3). The abundance of Prevotella
was negatively correlated with MoCA (r = –0.42 and
p = 0.03) in the AD group, indicating that a higher
abundance of Prevotella was associated with greater
deterioration of cognitive function. This correlation
was not present in the control group (Table 4). In the
AD group, a positive correlation was found between
the abundance of Prevotella and age of onset and
duration of illness (r = 0.52, p = 0.007 and r = 0.42,
p = 0.03, respectively) in the AD group (Table 5).
There was no significant correlation of microbiota
with different risk factors for the AD group except
for abundance of Prevotella, which significantly

Table 3
Relation between Mini-Mental State Examination (MMSE) and
copy number of each microbiota in Alzheimer disease patients

and controls

Mini-mental state scores

Alzheimer Control
disease group group

(n = 25) (n = 25)

r p r p

Akkermansia 0.119 0.571 –0.035 0.867
Enterobacteria 0.068 0.748 –0.172 0.41
Bacteroidetes –0.329 0.108 0.122 0.561
Bacillus cereus 0.04 0.848 0.056 0.792
Prevotella –0.312 0.129 0.321 0.118
Clostridium cluster IV 0.306 0.137 –0.067 0.751
Lactic acid bacteria –0.435 0.030∗ 0.32 0.119
Bfidobacteriumspp –0.017 0.935 –0.301 0.144
Firmicutes –0.304 0.139 –0.135 0.519
Actinobacter –0.035 0.867 0.011 0.959
∗Significant p value.

correlated with smoking (r = 0.424, p = 0.035). In
addition, both Akkermansia and Prevotella abun-
dance showed a significant negative correlation with
coronary heart disease (r = –0.470, p = 0.018 and
r = –0.401, p = 0.047, respectively) (Table 6).

DISCUSSION

Microbiota dysbiosis has come to be considered
an emerging risk factor for AD that can initiate
an inflammatory response in the brain. The present
study was performed to explore dysbiosis of the
gut microbiota in Egyptian patients with AD and
the relationship of this microbiota with the clinical
presentation of AD and associated cognitive dysfunc-
tion.
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The most abundant genera in healthy gut flora
are Bacteroidetes, Firmicutes, Actinobacteria, Pro-
teobacteria, and Verrucomicrobia. A shift in this

Table 4
Relation between Montreal cognitive score and copy number of

each microbiota in Alzheimer disease patients and controls

Montreal cognitive score

Alzheimer Control
disease group group

(n = 25) (n = 25)

r p r p

Akkermansia –0.039 0.852 0.137 0.513
Enterobacteria 0.059 0.778 –0.234 0.260
Bacteroidetes –0.276 0.182 0.007 0.974
Bacillus cereus –0.138 0.51 0.219 0.293
Prevotella –0.424 0.035∗ 0.095 0.246
Clostridium cluster IV 0.376 0.064 0.002 0.994
Lactic acid bacteria 0.255 0.218 0.295 0.153
Bifidobacterium spp 0.301 0.143 –0.159 0.448
Firmicutes –0.108 0.608 –0.287 0.165
Actinobacter 0.011 0.959 –0.093 0.66
∗Significant p value.

Table 5
Relationship between gut microbiota and the age of onset and

duration of illness in Alzheimer disease patients

Age of Duration
onset (yrs) of illness

(months)

r p r p

Akkermansia 0.101 0.632 0.009 0.966
Enterobacteria 0.106 0.615 0.183 0.382
Bacteroidetes –0.003 0.987 0.014 0.947
Bacillus cereus 0.100 0.633 0.094 0.654
Prevotella 0.529 0.007∗∗ 0.421 0.036∗
Clostridium cluster IV 0.255 0.218 0.151 0.472
Lactic acid bacteria 0.298 0.149 0.239 0.250
Bifidobacterium spp 0.224 0.281 0.022 0.918
Firmicutes 0.214 0.305 0.084 0.690
Actinobacter 0.046 0.826 0.200 0.339
∗Significant p value. ∗∗Highly significant p value.

profile has been observed in several pathological con-
ditions, including neurodegenerative diseases [21,
22] that can affect the intestinal system. To our knowl-
edge, this is the first study to investigate microbial
dysbiosis in Egyptian patients with AD.

The causal relation between gut dysbiosis,
blood-brain barrier permeability, pro-
inflammatory cytokines, and pathogenesis of AD

We determined that a number of species, including
Akkermansia, Enterobacteria, Bacteroidetes, Bacil-
lus cereus, Prevotella, and Clostridium cluster IV,
were significantly more abundant in the AD group
than in the control group.

Akkermansia utilizes an energy source from the
mucus by degrading the mucus layer. Consequently,
immune cells are exposed to more microbial anti-
gens, which raise the likelihood of inflammation
[23]. Neural injury can also be potentiated by the
endotoxins derived from the gut [24]. The high abun-
dance of Akkermansia in patients with AD shown in
this study could contribute to AD progression with
greater exposure to microbial antigens and endotox-
ins, and subsequently more inflammation. Supporting
our result, in Chinese patients with AD, Akkerman-
sia abundance was found to be negatively correlated
with MMSE, Wechsler Adult Intelligence Scale, and
Barthel scores and a link was discovered between
Akkermansia muciniphila and hippocampus atrophy
[25, 26].

In the present study, the significantly higher abun-
dance of Enterobacteria in the AD group compared
with that in the control group supports the results
from Wu et al. (2017) [27]. They found in their in vivo
study in the Drosophila AD model that Enterobacte-
ria increased AD progression by enhancing immune

Table 6
Correlation between different species of microbiota and risk factors of AD Lactic Bacillus acid Clostridium Bifidobacterium cereus

Akker- Lactic Prevo- Clostridium Bifido- Entero- Bactero- Firmi- Actino- Bacillus
mansia acid tella cluster bacterium bacteria idetes cutes bacter cereus

bacteria IV spp group

Smoking r 0.015 –0.076 0.424∗ –0.182 –0.182 0.378 –0.008 –0.015 –0.091 –0.212
p 0.943 0.719 0.035 0.385 0.384 0.062 0.971 0.943 0.666 0.309

Hypertension r 0.345 0.052 0.065 –0.221 0.046 0.247 0.045 –0.240 0.058 –0.072
p 0.092 0.805 0.758 0.288 0.829 0.234 0.829 0.247 0.781 0.734

Diabetes r -0.034 –0.111 0.376 0.154 0.265 0.017 –0.060 0.222 –0.137 0.103
mellitus p 0.871 0.597 0.064 0.463 0.201 0.935 0.776 0.286 0515 0.626
Dyslipidemia r 0.148 –0.019 0.192 –0.037 0.006 0.346 –0.068 –0.019 0.056 –0.062

p 0.479 0.930 0.359 0.860 0.977 0.090 0.747 0.930 0.792 0.769
Coronary r –0.470∗ –0.273 –0.401∗ –0.120 0.350 –0.171 0.145 0.188 –0.034 –0.393
heart disease p 0.018 0.186 0.047 0.569 0.086 0.415 0.489 0.369 0.871 0.052
∗Significant p value.
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hemocyte recruitment to the brain, thereby provoking
a TNF-JNK mediated neurodegenerative process and
an elevated oxidative stress status [27].

Our results regarding Bacteroidetes were in line
with Vogt et al., who used bacterial 16S rRNA gene
sequencing to denote the microbial content of stool
specimens from American patients with dementia and
identified an abundance of Bacteroidetes in compari-
son with that in healthy controls [28]. The authors
suggested that the bacterial outer membrane LPS
such as Bacteroidetes, enhances systemic inflam-
mation and amyloid deposition, which in turn may
contribute to or exacerbate AD pathology [28]. Sim-
ilarly, another study that compared older persons
without dementia or other forms of dementia dis-
covered an increased abundance of Bacteroides spp.,
which act as markers of AD dementia [29]. Zhuang et
al. found increased Bacteroides, Ruminococcus, and
Subdoligranulumin Chinese patients with AD rela-
tive to age and gender-matched healthy controls [30].
In contrast, Li et al. observed a lower Bacteroides
abundance in patients with AD [25]. The discrep-
ancy between these results could be related to dietary
habits and different geographic distribution.

B. cereusis identified as a food-borne disease. In
addition, it is an opportunistic pathogen that can
result in local and systemic infections, especially in
immunocompromised patients [31, 32]. Several stud-
ies reported central nervous system infections caused
by B. cereus [32–36] resulting in harmful complica-
tions [32, 37]. Bacteremia can be a risk factor for the
spread to the central nervous system, particularly in
immunosuppressed patients [32, 37].

Increased Prevotella abundance in this study was in
harmony with results obtained by Guo et al. (2021),
who evaluated the gut microbiome in patients with
newly diagnosed AD and mild cognitive impairment
and found increased Prevotella abundance in those
with AD [38]. Prevotella, as a colonic commen-
sal, can degrade plant polysaccharides and mucosal
glycoproteins and also interacts with the immune sys-
tem [39]. Therefore, Prevotella can potentiate the
inflammatory responses [40] and contribute to neu-
roinflammation in patients with AD.

Our result regarding the Clostridium cluster is
in accordance with Thursby and Juge (2017) [41].
Clostridia could induce neurological insult by gener-
ating a high level of noxious metabolites in the brain
[42].

For the lactic acid-producing bacteria, we found no
significant difference between the groups. Lactic acid
bacteria have an anti-inflammatory role and induce

regulatory T-cells to promote IL-10 production, lead-
ing to downregulation of immunity [43]. In addition,
dysregulation of amino acid homeostasis induced by
lactic acid-producing bacteria can contribute to AD
pathogenesis [44]. Lactic acid-producing bacteria
alter glutamate metabolism, which modulates GABA
levels to induce neural dysfunction [45]. Similar to
our finding, quantitative PCR was used to confirm
the abundance of Lactobacillus in patients with AD
[25]. In addition, Zhuang et al. found an increase Lac-
tobacillaceae abundance in AD [30]. The absence of
changes in lactic acid bacteria abundance in our study
may be related to the small sample size. However,
the significant negative correlation of lactic acid with
the MMSE score recorded in the present study sup-
ports the Lactobacillus abundance found in patients
with AD.

The second important finding in this study is the
significantly lower abundance of Bifidobacterium,
Firmicutes, and Actinobacteria in patients with AD
compared with that in healthy controls. Our results
were in accordance with Voit et al. [28] as they found
that the Firmicutes, Actinobacteria, and Bifidobac-
terium phyla were less abundant in patients with AD
than in controls. However, our results disagree with
Li et al. [25] who found an increased abundance of
Bifidobacterium.

The Bifidobacterium genusis an important and
well-documented beneficial gut flora [46, 47]. Nishi-
waki et al. and Stevens et al. found that Bifidobac-
terium produces lactic acid and several vitamins and
lowers oxidative stress markers. Thus, the depletion
of Bifidobacterium in patients with AD may promote
oxidative stress and modulate the immune response
[48, 49]. In particular, certain species of Bifidobac-
terium have anti-inflammatory properties and can
lower intestinal permeability [50].

Additionally, supplementation with Bifidobac-
terium in a mouse model has been shown to decrease
intestinal levels of LPS to improve the mucosal bar-
rier [51] and decrease bacterial translocation [52].
LPS has been found to be more abundant in the brains
of patients with AD [53, 54], and LPS stimulation
leads to enhanced A� accumulation [55, 56].

In this study, the Firmicutes phylum as a whole
was decreased in the AD group. A reduction in Fir-
micutes has been reported in patients with type 2
diabetes [57], obesity [58–60], and Parkinson’s dis-
ease [5]. Reduced Firmicutes abundance compared
with that in the control group may affect intestinal
barrier integrity and immunological function in the
AD group. Firmicutes produces SCFAs that have both
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anti-inflammatory and antimicrobial properties and
maintain intestinal mucosal barrier integrity [61, 62].

According to our findings, Actinobacter abun-
dance was reduced in patients with AD, as shown in
the Chinese AD microbiome at the phylum level [30].
Although Actinobacter represent a small percentage
of gut microbiota, they play a vital role in maintaining
gut homeostasis and degrade large polysaccharides,
produce SCFAs, such as butyrate, and enhance
mucin production and immune responses. These
functions impact gut permeability, immune system,
metabolism, and help maintain an intact gut–brain
axis [63]. The low abundance of Actinobacter in
patients with AD could disturb these functions.

In the present study AD patients have more abun-
dance of harmful gut microbiota (Akkermansia,
Enterobacteria, Bacteroidetes, Prevotella, and Clos-
tridium cluster IV) and lower abundance of bene-
ficial microbiota (Bifidobacterium, Firmicutes, and
Actinobacteria).

Thus, gut dysbiosis induces the decrease of bene-
ficial substances (such as SCFAs and hydrogen) and
the increase of harmful substances (such as amy-
loids), which causes the intestinal mucosal barrier
and blood-brain barrier to become more permeable,
activates peripheral immune responses, and increases
peripheral and central oxidative process levels. Thus,
gut dysbiosis contributes to AD pathology progres-
sion by increasing amyloid plaque formation, and
neuroinflammation,

Confirming our results, the strong correlation be-
tween the abundance of gut microbiota and cognitive
functions as we observed a strong negative corre-
lation between Prevotella abundance and MoCA.
Consistent with our results, Guo et al. [38] found
a negative correlation between Prevotella and the
cognitive functions in patients with mild cognitive
impairment. We also discovered a strong positive
association between Prevotella abundance and the
age of onset and disease duration, implying that
changes in Prevotella abundance may be linked
to aging and chronic illness. The strongest nega-
tive relationships with MMSE, Wechsler Assessment
Intelligent Scale, and Barthel scores have been found
in Chinese individuals with AD who had Akkerman-
sia [25].

The causal relationship between gut dysbiosis,
neurotransmitter, and pathogenesis of AD

On the other hand, the ability of gut micro-
biota to produce bioactive metabolites that regulate

neurotransmitter may help to understand the patho-
genesis of AD. As different bacterial genera and
species (lactobacillus and Bifidobacterium) produce
gamma-amino butyric acid (GABA) which pre-
dominant inhibitory neurotransmitter in the nervous
system that regulate mood and behavioral and cogni-
tive function [64].

Others (Escherichia, Enterococcus, Lactococ-
cus, Lactobacillus) produce serotonin (5-HT) and
dopamine [65] which are all involved in a range of
mood-related, behavioral, and cognitive functions,
and learning as neurotransmitters or neurotrans-
mitter precursors [66, 67]. Lactobacillus, Bacillus
produce acetylcholine as a metabolite which has main
effect on cognition and memory [68]. Bacteroides,
Bifidobacterium, Lactobacillus, Clostridium, and
Prevotella produce SCFAs as metabolites that
decrease permeability of the blood-brain barrier, pro-
mote the synthesis and secretion of neurotransmitters
and hormones, reduce inflammation [69].

The relation between risk factors associated with
AD and gut dysbiosis

In this study, smoking was negatively correlated
with abundance of Prevotella. This is similar to
results from Shanahan et al. and Moon et al. who
demonstrated a lower abundance Prevotella in smok-
ers [70, 71]. Chronic cigarette smoking induces
dysbiosis of intestinal microbiota [72]. Huang and Shi
(2019) reported an association between smoking and
the diversity of microbiota. The mechanisms could be
due to exposure to the bacteria in cigarettes or may be
related to the immunosuppressive nature of tobacco,
which impairs antimicrobial defenses [73]. However,
Sabia et al. (2012) found that; in men, current smok-
ers had a greater 10-year decline in global cognition,
compared with those who had never smoked [74]. All
the above results imply that smoking can induce both
gut dysbiosis and cognitive decline and thus enhance
dementia.

The significant negative correlation between Pre-
votella and Akkermansia abundance with coronary
heart disease that were recorded in this study was
partially consistent with Liu et al. who concluded
that patients with coronary heart disease had a sig-
nificantly lower abundance of Bifidobacterium and
Prevotella [75]. In a recent systematic review involv-
ing coronary heart disease and risk for dementia,
the authors found that coronary heart disease was
prospectively associated with developing cognitive
impairment or dementia [76]. The insight of causal
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mechanisms or common pathways underlying the
heart-brain connection is possibly due to alteration
of gut microbiota.

Dementia is associated with diabetes and insulin
resistance [77, 78]. Insulin resistance has been linked
to decreased brain glucose metabolism and higher
amyloid deposition, both of which raise the risk of AD
[79, 80]. As a result, the development of insulin resis-
tance and diabetes may represent a potential method
through which microbial dysbiosis in the gut influ-
ences AD pathogenesis. The small number of diabetic
patients with AD in this study may contribute to the
lack of significant difference between AD patients
with versus those without diabetes mellitus.

The pattern of microbiota dysbiosis is inconsistent
among different studies, and this may be particu-
larly due to the different associated risk factors that
described above and other factors such as differences
in dietary habits, and lifestyle habits (exercise and
smoking) environmental factors, stress, obesity, and
metabolic diseases, other causes of dementia, patients
under treatment with antibiotics or probiotics may
alter bacterial composition and diversity [81, 82]. In
the present study we excluded most of these factors
(other types of dementia, resulting from head injury,
cerebrovascular stroke, encephalitis, metabolic dis-
order, type-1-diabetes, or irritable bowel syndrome)
even patients under treatment with antibiotics or pro-
biotic supplements were also excluded.

Unfortunately, we did not study other factors. For
example, individuals eat a diet high in fat and sugar,
which may be related to a rise in the incidence of
obesity, and inflammatory bowel diseases. Sen et al.
found that microbiota dysbiosis could be related to
dietary changes caused by consuming a high sugar
diet with a subsequent increase in gut inflammation,
microglia activity, and disturbed gut–brain axis [83].

Lifestyle habit may play a role in this difference as
smoking has a significant impact on gut microbiota
composition, increasing Bacteroides, and-Prevotella
in healthy persons [84] as previously described.

Stress, as lifestyle component, influences colonic
motor activity via the gut-brain axis, which can alter
gut microbiota profiles, including decreased levels of
potentially helpful Lactobacillus [85]. Because the
gut-brain axis is bidirectional, encompassing both
hormonal and neuronal pathways [86], changes in
gut microbiota can alter brain function, including
mood [87]. Obesity is linked to high energy intake
and sedentary lifestyles. Lack of exercise may signif-
icantly impact any changes in microbial populations
associated with obesity. A previous study found an

increase in the variety of gut microbial species in
professional athletes due to exercise and the related
diet [88]. Shifts in gut microbial populations occur
in obese individuals and with increases in Firmicutes
and decreases in Bacteroidetes, which may contribute
to adiposity through increased energy harvest [60, 89,
90]. However, additional evidence suggests that alter-
ations in microbial populations are predominantly
mediated by high-fat obesogenic diets [91, 92]. Geog-
raphy also has a strong bearing on the composition
of gut microbial populations as supported by the Yat-
sunenko et al. study (2012). They found that type
of fecal bacteria and their functional genes differed
between individuals in the USA and in rural areas of
Venezuela and Malawi [93].

Therefore, the difference in the relation between
microbiota and AD in different studies could be
related to several factors that alter the microbiota
composition.

Limitations and recommendation of this study

The small sample size is one of the limitations of
the current study. It is also a single center study con-
ducted in Aswan Hospital which is predominantly
a rural region, where the population consumes high
dietary fibers which could change the microbiota
composition compared to the western diet [83, 94,
95]. Therefore, multicenter studies including patients
of different dietary habits and demographics will
be required. In addition, the AD patients in this
study were diagnosed by clinical manifestations, not
by CSF AD core biomarkers or A�-PET. Another
restriction is that other microbiota and taxa, such
as fungal, were not examined. Longitudinal studies
with a larger sample size diagnosed by CSF AD
core biomarkers or A�-PET are required to con-
firm the diagnosis of AD current findings and further
understand the impact of gut microbiota on AD.
Furthermore, future controlled trials on dietary mod-
ifications targeting the gut microbiota are necessary
to assess the mechanisms of diet-induced gut dysbio-
sis and the development of AD so that dietary-based
intervention management strategies for AD can be
developed.

Conclusion

The current study revealed a significantly higher
abundance of Akkermansia, Enterobacteria, Bac-
teroidetes, Bacillus cereus, Prevotella, and Clostrid-
ium cluster IV and a lower abundance of Bifidobac-
terium spp., Firmicutes, and Actinobacteria. Lactic
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acid bacteria and Prevotella were negatively corre-
lated with cognition. The abundance of Prevotella
species was significantly correlated with age of onset,
duration of AD symptoms, smoking, and coronary
heart disease.
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[7] Bäckhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon
JI (2005) Host-bacterial mutualism in the human intestine.
Science 307, 1915-1920.

[8] Patterson E, Cryan JF, Fitzgerald GF, Ross RP, Dinan TG,
Stanton C (2014) Gut microbiota, the pharmabiotics they
produce and host health. Proc Nutr Soc 73, 477-489.

[9] Fan X, Liu B, Zhou J, Gu X, Zhou Y, Yang Y, Guo F, Wei X,
Wang H, Si N, Yang J, Bian B, Zhao H (2021) High-fat diet
alleviates neuroinflammation and metabolic disorders of
APP/PS1 mice and the intervention with Chinese medicine.
Front Aging Neurosci 13, 658376.

[10] Woodmansey EJ, McMurdo ME, Macfarlane GT, Macfar-
lane S (2004) Comparison of compositions and metabolic
activities of fecal microbiotas in young adults and in
antibiotic-treated and non-antibiotic-treated elderly sub-
jects. Appl Environ Microbiol 70, 6113-6122.

[11] Woodmansey EJ (2007) Intestinal bacteria and ageing. J
Appl Microbiol 102, 1178-1186.

[12] Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermúdez-
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[60] Ley RE, Bäckhed F, Turnbaugh P, Lozupone CA, Knight
RD, Gordon JI (2005) Obesity alters gut microbial ecology.
Proc Natl Acad Sci U S A 102, 11070-11075.

[61] Ganapathy V, Thangaraju M, Prasad PD, Martin PM, Singh
N (2013) Transporters and receptors for short-chain fatty
acids as the molecular link between colonic bacteria and
the host. Curr Opin Pharmacol 13, 869-874.

[62] Singh N, Gurav A, Sivaprakasam S, Brady E, Padia R, Shi
H, Thangaraju M, Prasad PD, Manicassamy S, Munn DH,
Lee JR, Offermanns S, Ganapathy V (2014) Activation of
Gpr109a, receptor for niacin and the commensal metabolite
butyrate, suppresses colonic inflammation and carcinogen-
esis. Immunity 40, 128-139.

[63] Binda C, Lopetuso LR, Rizzatti G, Gibiino G, Cennamo
V, Gasbarrini A (2018) Actinobacteria: A relevant minority
for the maintenance of gut homeostasis. Dig Liver Dis 50,
421-428.

[64] Barrett E, Ross RP, O’Toole PW, Fitzgerald GF, Stanton
C (2012) �-Aminobutyric acid production by culturable
bacteria from the human intestine. J Appl Microbiol 113,
411-417.

[65] Holzer P, Farzi A (2014) Neuropeptides and the microbiota-
gut-brain axis. Adv Exp Med Biol 817, 195-219.

[66] Dinan TG, Cryan JF (2017) Gut instincts: Microbiota as a
key regulator of brain development, ageing and neurode-
generation. J Physiol 595, 489-503.

[67] Clarke G, Stilling RM, Kennedy PJ, Stanton C, Cryan
JF, Dinan TG (2014) Minireview: Gut microbiota: The
neglected endocrine organ. Mol Endocrinol 28, 1221-1238.

[68] Kawashima K, Misawa H, Moriwaki Y, Fujii YX, Fujii T,
Horiuchi Y, Yamada T, Imanaka T, Kamekura M (2007)
Ubiquitous expression of acetylcholine and its biological
functions in life forms without nervous systems. Life Sci
80, 2206-2209.

[69] Russell WR, Hoyles L, Flint HJ, Dumas ME (2013) Colonic
bacterial metabolites and human health. Curr Opin Micro-
biol 16, 246-254.

[70] Shanahan ER, Shah A, Koloski N, Walker MM, Talley NJ,
Morrison M, Holtmann GJ (2018) Influence of cigarette
smoking on the human duodenal mucosa-associated micro-
biota. Microbiome 6, 150.

[71] Moon JH, Lee JH, Lee JY (2015) Subgingival microbiome
in smokers and non-smokers in Korean chronic periodontitis
patients. Mol Oral Microbiol 30, 227-241.

[72] Lee SH, Yun Y, Kim SJ, Lee EJ, Chang Y, Ryu S, Shin
H, Kim HL, Kim HN, Lee JH (2018) Association between
cigarette smoking status and composition of gut microbiota:
Population-based cross-sectional study. J Clin Med 7, 282.

[73] Huang C, Shi G (2019) Smoking and microbiome in oral,
airway, gut and some systemic diseases. J Transl Med
17, 225.

[74] Sabia S, Elbaz A, Dugravot A, Head J, Shipley M, Hagger-
Johnson G, Kivimaki M, Singh-Manoux A (2012) Impact of
smoking on cognitive decline in early old age: The Whitehall
II cohort study. Arch Gen Psychiatry 69, 627-635.

[75] Liu H, Zhuang J, Tang P, Li J, Xiong X, Deng H (2020) The
role of the gut microbiota in coronary heart disease. Curr
Atheroscler Rep 22, 77.

[76] Deckers K, Schievink SHJ, Rodriquez MMF, van Oosten-
brugge RJ, van Boxtel MPJ, Verhey FRJ, Köhler S (2017)
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