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Abstract
Purpose of Review The gut microbiota plays a crucial role in the pathogenesis of neuroinflammation and Alzheimer’s and 
Parkinson’s diseases. One of the main modulators of the gut microbiota is the diet, which directly influences host homeostasis 
and biological processes. Some dietary patterns can affect neurodegenerative diseases’ progression through gut microbiota 
composition, gut permeability, and the synthesis and secretion of microbial-derived neurotrophic factors and neurotransmit-
ters. This comprehensive review critically assesses existing studies investigating the impact of dietary interventions on the 
modulation of the microbiota in relation to neurodegenerative diseases and neuroinflammation.
Recent Findings There are limited studies on the effects of specific diets, such as the ketogenic diet, Mediterranean diet, 
vegetarian diet, and Western diet, on the progression of neuroinflammation and Alzheimer’s and Parkinson’s diseases through 
the gut-brain axis. The ketogenic diet displays promising potential in ameliorating the clinical trajectory of mild cognitive 
impairment and Alzheimer’s disease. However, conflicting outcomes were observed among various studies, highlighting 
the need to consider diverse types of ketogenic diets and their respective effects on clinical outcomes and gut microbiota 
composition. Vegetarian and Mediterranean diets, known for their anti-inflammatory properties, can be effective against 
Parkinson’s disease, which is related to inflammation in the gut environment. On the other hand, the westernization of dietary 
patterns was associated with reduced gut microbial diversity and metabolites, which ultimately contributed to the develop-
ment of neuroinflammation and cognitive impairment.
Summary Various studies examining the impact of dietary interventions on the gut-brain axis with regard to neuroinflam-
mation and Alzheimer’s and Parkinson’s diseases are thoroughly reviewed in this article. A strong mechanistic explanation 
is required to fully understand the complex interactions between various dietary patterns, gut microbiota, and microbial 
metabolites and the effects these interactions have on cognitive function and the progression of these diseases.

Keywords Dietary intervention · Gut microbiota · Neurodegenerative diseases · Neuroinflammation

Introduction

Neurodegenerative diseases cause progressive deterioration 
in cognitive function by the loss of the activity of neurons 
in the brain. Worldwide, 10.2 million people suffer 
from neurodegenerative disorders, and the incidence is 
steadily increasing. Alzheimer’s disease (AD) is the most 

common neurodegenerative disease [1]. The World Health 
Organization has reported that dementia is seen in 50 million 
people worldwide, with Alzheimer’s patients accounting for 
60–70% of these cases. Moreover, this number is envisaged 
to double every 5 years and will increase to reach 152 million 
by 2050 [2]. Mild cognitive impairment (MCI) is a state of 
cognitive impairment that precedes the clinical symptoms 
of dementia and AD. Therefore, effective intervention in 
the MCI phase is important to prevent the formation or 
progression of AD [3]. Parkinson’s disease (PD) is the 
second most common neurodegenerative disease after AD 
and is the most common movement disorder worldwide. The 
prevalence of PD in people over 65 years is 2–3%, and it is 
estimated that there will be 14.2 million people worldwide 
to have PD by 2040 [4].
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Studies have shown that the gut microbiota plays an 
important role in the pathogenesis of neurodegenerative 
diseases through the gut-brain axis [5–8]. Recent studies 
have shown that the gut microbiota is significantly altered in 
individuals with CI, dementia, and PD [9–11]. The homeo-
stasis of the gut microbiota is impaired with an increase 
in non-commensal microbes and a decrease in commensal 
microbes, which is stated as dysbiosis. The signal between 
the gut-brain axis is also affected by dysbiosis, leading to 
neurological and neuroimmune abnormalities. Dysbiosis 
is often associated with deteriorated intestinal epithelium 
and increased intestinal permeability. Disruption of intesti-
nal epithelial integrity causes systemic inflammation with 
bacterial translocation and increased levels of interleukin-1 
(IL-1), IL-6, and tumor necrosis factor alpha (TNF-α) 
[12••]. Systemic inflammation leads to neuroinflammation 
in the blood-brain barrier. Neuroinflammation is the most 
important factor in the pathogenesis of neurodegenerative 
diseases. There is a bi-directional interaction between the 
gut microbiota and the brain. This bi-directional interac-
tion involves many pathways such as immune mechanisms, 
vagus nerve, and microbial neurometabolite production [13]. 
This evidence suggests that the gut microbiome is linked 
to host neurological function via the gut-microbiome-brain 
axis [14]. Many factors such as genetics, diet, metabolism, 
age, geography, infection, antibiotic treatment, and stress 
cause changes in gut microbiota composition and microbial 
metabolites [15]. Diet is one of the key factors that influ-
ence the diversity of the microbiome. Nowadays, it has been 
discussed that some dietary patterns may have a protective 
effect against cognitive dysfunction in neurodegenerative 
diseases by modulation of the gut microbiota [12••, 16••, 
17]. The results from four human research studies and eleven 
animal studies, carefully chosen to investigate the effects of 
various dietary patterns on the onset and progression of neu-
roinflammation and Alzheimer’s and Parkinson’s diseases by 
means of the gut microbiota, are specifically incorporated 
into this review (Table 1; Fig. 1).

Methods

Figure 2 illustrates the flowchart of the method used for 
selecting the research. Literature search was conducted 
using Web of Science, PubMed, Science Direct, and 
Google Scholar databases to identify peer-reviewed 
articles that examined the relationship between dietary 
intervention, gut microbiota, and neurodegenerative disease 
and neuroinflammation between 2015 and 2023. For all 
four databases, the exact search date was from 1 February 
2021 through 15 December 2023. A combination of the 
following keywords was used: “nutrition” or “diet” and 
“gut microbiota” with “neurodegenerative diseases,” or 

“neuroinflammation” or “cognitive decline” or “alzheimer’s 
disease” or “parkinson’s disease.” This review considers 
only studies published between 2015 and 2023 and excludes 
those in languages other than English in this review. 
Additionally, short communication letters, conference 
abstracts, book chapters, short surveys, and studies based 
solely on authors’ perspectives were excluded. The review 
comprises 17 selected studies investigating the connection 
between diet patterns and their impact on gut microbiota 
concerning cognitive impairment, cognitive decline, 
neuroinflammation, Alzheimer’s, and Parkinson’s diseases 
(Table 1). The studies were selected by two researchers (ŞA, 
SB) by checking first the titles and abstracts and then the 
full-text articles.

Results

Ketogenic Diet, Gut Microbiota, and Alzheimer’s 
Disease

Pathology of Alzheimer’s disease (AD) is characterized by 
extracellular accumulations of amyloid-β-peptides (Aβ) in 
the senile plaques and by intracellular depositions of hyper-
phosphorylated tau proteins that form neurofibrillary tangles 
[32]. Studies have shown that brain amyloid plaque accumu-
lation is the result of years of chronic inflammation in the 
central nervous system (CNS) and the periphery. It is stated 
that brain amyloid deposition begins 10–20 years before 
clinical indications. Mild cognitive impairment (MCI) is 
a transitional stage between normal cognitive aging and 
dementia, particularly AD. It is a critical period for early 
detection and intervention as it offers an opportunity to pre-
vent or delay the onset of dementia. Therefore, intervening 
during the MCI phase is crucial for preserving cognitive 
function and maintaining the quality of life of affected indi-
viduals [33, 34]. However, the pathogenesis of the disease is 
still not clear. Despite ongoing research efforts, no definitive 
treatment method has been discovered to prevent or slow the 
progression of these diseases.

In recent years, the gut microbiota is considered an addi-
tional organ of our body, defined as “the second brain.” In 
the past few years, the direct causal effects of gut microbi-
ome on the neuronal system and the brain have been shown 
[35]. Recent studies have put forward that gut dysbiosis may 
affect the synthesis and secretion of several brain-derived 
neurotrophic factors and gut microbial-derived metabo-
lites widely associated with cognitive decline and demen-
tia [36, 37]. Therefore, modulation of the gut microbiome 
may induce positive effects on neuronal pathways that can 
decelerate the progression of AD [38]. Emerging evidence 
suggests that specific dietary patterns and nutrients affect 
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gut microbiota composition which is associated with the 
production or aggregation of amyloid proteins [39, 40]. In 
turn, some dietary patterns that modulate gut microbiota 
may be an effective method to prevent the development of 
AD and dementia.

The first studies showing that the ketogenic diet (KD) that 
provides fasting or fasting mimicking may have a beneficial 
effect on neurodegenerative diseases were published at the 
beginning of the twentieth century. The KD is a type of high-
fat and low-carbohydrate diet and is firstly and generally 
used in the treatment of drug-resistant epilepsy [41] and also 
is highly effective in the treatment of resistant epilepsy. Over 
time, its application in other neurodegenerative disease was 
studied including amyotrophic lateral sclerosis [42], trau-
matic brain injury [43], cerebral ischemia [44], and neurode-
generative diseases (Parkinson’s and Alzheimer’s diseases) 
[45]. The KD approach has been proposed as a potential 
therapeutic strategy for AD, based on targeting the underly-
ing pathophysiological mechanisms of the disease. Impaired 
glucose metabolism is common in AD. Decreased glucose 
uptake in the brain plays a role in the development of AD 

neuropathology. KD alters metabolic pathways from glucose 
whose metabolic pathway is toxic to fatty acids and ketone 
bodies. Thus, the brain is protected from inflammatory 
and toxic effects that impaired glucose metabolism causes. 
Moreover, the KD has numerous potential targets, which 
may contribute to its anti-inflammatory effects, including 
adenosine, ketone bodies, mTOR pathways, PPARγ, NLRP3 
inflammation, and the modulation of gut microbiota [20]. 
However, further research is needed to fully understand the 
mechanisms underlying the anti-inflammatory effects of the 
KD including gut microbiota on AD and to identify other 
potential targets for intervention.

After reviewing studies in the literature, five of them were 
found to explore the impact of a ketogenic diet on gut micro-
biota and its connection to AD and cognitive impairment 
(CI). A summary of their findings is presented in Table 1. In 
2018, Ma et al. in an animal study showed that 16 weeks of 
KD increased the relative abundance of putatively beneficial 
gut microbiota (Akkermansia muciniphila and Lactobacil-
lus) and reduced that of putatively pro-inflammatory taxa 
(Desulfovibrio and Turicibacter). Thus, they found that the 

Fig. 1  The effects of different types of dietary interventions on the gut-brain axis
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KD intervention in the early stage, which increases benefi-
cial gut microbial taxa, may enhance brain vascular function, 
improve metabolic profile, and reduce the risk for AD [20].

Three randomized, double-blind, crossover pilot stud-
ies were conducted to compare the effects of a modified 
Mediterranean ketogenic diet (MMKD) and an American 
Heart Association Diet (AHAD) intervention in older adults 
with MCI versus those who were cognitively normal (CN). 
Each study included a 6-week intervention period of either 
MMKD or AHAD, followed by a 6-week washout period, 
and then another 6-week intervention period of the other 
intervention. While one of them has investigated the effect 
of MMKD on bacterial microbiomes [12••], the other has 
been related to fungal microbiomes [3]. The most recent 
one specifically used data sparsity and compositionality to 
evaluate the relationships between these diets and cognitive 
status and the microbiome, foodome, and metabolome [18].

Maintaining a classic KD can be challenging over the 
long term, which may limit its effectiveness for patients with 
AD. However, adopting less strict ketogenic diets, such as 
the modified Atkins diet, could help improve compliance 
with the dietary regimen. These diets provide greater flex-
ibility and palatability, which can increase adherence to the 
less strict KD type. MMKD has been suggested as related 
to CI in the literature. MMKD, which mainly points to olive 
oil and fish as healthy sources of fats and proteins, allows 

for slightly higher carbohydrate consumption to provide 
an increased intake of vegetables and fruits. Nagpal et al. 
show that the MMKD alters the gut microbiome signature 
and short-chain fatty acids (SCFAs), and these changes are 
associated with improved cerebrospinal fluid (CSF) AD 
biomarkers in older adults. While there were no significant 
differences in the α- and β-diversity of the gut microbiome 
between groups, it has been observed that both MMKD 
and AHAD interventions led to variations in the levels of 
specific gut bacteria between the MCI and CN (cognitively 
normal) subjects. The phylum Actinobacteria, family Bifi-
dobacteriaceae, and genus Bifidobacterium are significantly 
decreased in MCI group after MMKD as compared to CN 
counterparts and AHAD group participants. The study also 
revealed that the MMKD may lead to a slight increase in 
the production of beneficial SCFAs, including butyrate. The 
increased level of butyrate following the MMKD may have 
a positive impact on reducing gut leakiness and limiting 
the diffusion of lipopolysaccharides (LPS), thus promoting 
better brain health. Additionally, the observed decrease in 
acetate and lactate levels in the MCI-MMKD group could be 
linked to improved memory and cognitive function in MCI 
participants [12••].

Furthermore, Nagpal et al. conducted the first-ever study 
to investigate the fungal microbiome in older adults with 
MCI in comparison to age-matched counterparts with CN. 

Fig. 2  Flow diagram of the literature search and study selection process
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They found that the MMKD induced an increase in fungal 
alpha-diversity in patients with MCI but not in their CN 
counterparts. This result is remarkable because the alpha-
diversity was lower in patients with MCI at the baseline and 
was increased (restored) by MMKD in these patients. The 
genus-level mycobiome composition is also modulated more 
heavily and somewhat positively by MMKD than AHAD 
intervention. The abundance of Botrytis, which was higher 
in MCI group at the baseline, has been decreased by MMKD 
in MCI but not in CN subjects. Also, the significant reduction 
has been seen in the proportion of genus Candida in the MCI-
MMKD group. The Candida genus encompasses numerous 
opportunistic species that have been associated with various 
gut-related disorders, such as inflammatory bowel diseases 
and gut inflammation. Notably, they found a significantly 
negative correlation of Candida with short-chain fatty acid 
butyrate [3], thus hinting toward a positive effect of MMKD 
on fungal flora, particularly in the MCI group. These findings 
have indicated that the intervention of MMKD may modulate 
the gut microbiota at the fungal and bacterial levels and as 
a result improve AD biomarkers in patients with AD or CI. 
A recent study has shown that there was a higher relative 
abundance of Akkermansia bacteria in the MMKD group 
compared to the AHAD group. Also, there was an increase 
in Dialister and Bacteroides bacteria in the CN group com-
pared to the MCI group. Specifically, they found various 
types of Akkermansia muciniphila were more prevalent in the 
MMKD group but not in the AHAD group. Among CN in the 
MMKD group, there was an increase in Dialister invisus and 
several strains of Bacteroides fragilis. The ratio of Alistipes 
bacteria to Bifidobacterium adolescentis was significantly 
different between the MCI and CN groups, but this change 
occurred after the AHAD, not the MMKD. This effect was 
observed only in the MCI group, indicating that people at 
different cognitive levels may respond differently to interven-
tions that affect the microbiome. Additionally, the authors 
found that individuals carrying the APOE4 gene had more 
microbes capable of producing GABA, a neurotransmitter, 
and consequently more GABA in their CSF. They proposed 
that MMKD could help people with MCI by modifying gut-
transit time and GABA levels [18].

On the other hand, Park et al. investigated how ketone-
producing regimens affected CI, inflammation, glucose 
metabolism, and gut microbiota. Following an injection of 
amyloid-ß into the hippocampus, rats underwent either an 
8-week ketogenic diet (AD-KD), intermittent fasting (AD-
IMF), a diet containing 30% fat (AD-CON), or a high car-
bohydrate (starch) diet (AD-CHO). By raising Proteobac-
teria, AD-KD made gut dysbiosis worse, while AD-CHO 
made it better by raising Bacteroidetes. Additionally, they 
have shown that AD-CON, AD-IMF, and AD-CHO, but not 
AD-KD, reduced hippocampus amyloid-ß deposition and 
enhanced memory performance [21].

Individuals with AD often exhibit impaired glucose 
uptake in the brain, but their ability to utilize ketones 
remains intact. While some studies suggest potential ben-
efits of KD on CI and AD [3, 12••], others indicate possible 
limitations or even adverse effects of it. Types of fats utilized 
in the ketogenic diet may play a crucial role in determin-
ing metabolic outcomes and their impact on cognitive func-
tion. Furthermore, the effect of different types of ketogenic 
diets on gut microbiota is still far from conclusive. Moreo-
ver, some side effects of KD such as loss of body weight, 
deterioration in lipid absorption, and its low sustainability 
are considered disadvantages [46]. Future research efforts 
should aim to explore these connections more comprehen-
sively, considering the potential interactions between spe-
cific components of different types of KD, gut microbiota, 
and cognitive function.

Vegetarian, Mediterranean, and Low‑Protein 
High‑Carbohydrate Diets, Gut Microbiota, 
and Parkinson’s Disease

Parkinson’s disease (PD) is the second most common neu-
rodegenerative disorder worldwide, characterized by key 
motor symptoms like resting tremor, bradykinesia, rigid-
ity, and postural instability [47]. It is linked to the abnor-
mal build-up of α-synuclein protein, leading to the loss of 
dopamine-producing neurons in the substantia nigra [48]. 
Recent research suggests that early PD-related changes, 
such as constipation and anosmia, align with histological 
findings in the gut, including the presence of Lewy bod-
ies. Constipation is a prevalent symptom in PD, impacting 
around 61.4% of patients. Remarkably, approximately 24.5% 
of these individuals reported experiencing bowel discom-
fort prior to the onset of the characteristic motor symptoms 
associated with PD [49]. This connection supports the idea 
that PD may have its origins in gut inflammation, possibly 
mediated through the gut-brain axis [50]. Studies indicate a 
higher occurrence of PD in individuals with chronic inflam-
matory bowel disease (IBD), and markers of immune system 
activity like calprotectin are elevated in stool samples of PD 
patients [51]. Impaired intestinal barrier function and micro-
bial imbalances in the gut may contribute to the transloca-
tion of pro-inflammatory cytokines and endotoxins into the 
colon, which can promote systemic inflammation, ultimately 
impacting the misfolding of α-synuclein and exacerbating 
PD pathology [52].

Recent studies have highlighted the significant role of 
the gut microbiota in PD pathogenesis. Specific bacteria, 
more prevalent in the guts of individuals with PD, produce 
endotoxins that trigger inflammation and promote methane 
production [53]. Certain gram-negative Enterobacteriaceae 
strains, like Escherichia coli and Salmonella, were found to 
secrete pro-inflammatory lipopolysaccharides (LPS) linked 
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to motor symptom severity [54]. Patients with PD have 
higher levels of methane-producing bacteria such as Chris-
tensenella spp. and Methanobrevibacter, which increases 
intraluminal pressure and reduces peristaltic movements, 
resulting in constipation [55]. Conversely, decreased anaero-
bic bacteria, such as Prevotellaceae, involved in anti-inflam-
matory pathways, were found in PD patients. The Prevotel-
laceae family is one of the mucin-producing commensals 
that secrete SCFAs from the fermentation of dietary fibers 
such as butyrate. Decreased populations of butyrate-produc-
ing anaerobic microbes like Roseburia and Faecalibacterium 
were observed in this patient group. Reduced butyrate pro-
duction is associated with elevated oxygen levels in the gut 
mucosa, which increases the risk of oxidative damage [56].

In the context of gut inflammation in PD, researchers 
have investigated vegetarian diets rich in SCFA due to their 
anti-inflammatory properties. A study by Hegelmaier et al. 
demonstrated that a vegetarian diet positively influenced 
the microbiome composition and clinical trajectory of PD 
patients (Table 1). The diet reduced Proteobacteria and 
Firmicutes associated with gut dysbiosis and inflamma-
tion. Notably, the Unified Parkinson Disease Ratings Scale 
(UPDRS III) improved, and levodopa-equivalent daily doses 
decreased after a 1-year follow-up with a vegetarian diet and 
fecal enema. A negative correlation was found between the 
Shannon index and UPDRS III. The abundance of Rumi-
nococcaceae was associated with UPDRS III, and enema 
reduced Clostridiaceae abundance. However, beta-diversity 
remained unchanged after the intervention, possibly due to 
the small sample size and short duration of the dietary inter-
vention [16••].

Since the 1970s, several studies have shown the 
positive outcomes of protein-restricted diets in fluctuating 
Parkinsonians due to a significant interaction between dietary 
proteins and patients’ responses to levodopa [57]. Chu et al. 
investigated whether the gut microbiota and metabolites are 
involved in the LPHC diet’s potential to improve movement 
disorders in 1-methyl-4-phenyl-1,2,3,6-tetrathydropyridine 
(MPTP)-induced PD in mice [22]. The increased abundance 
of the genera Bifidobacterium, Ileibacterium, Turicibacter, 
and Blautia and the decreased abundance of the genera 
Bilophila, Alistipes, and Bacteroides showed that the 
LPHC diet restored the imbalance in the composition of gut 
bacteria in PD mice. Metabolomic analyses in the serum 
and feces have shown that the LPHC diet significantly 
raised the level of aromatic amino acids (AAAs), such as 
tryptophan, tyrosine, and phenylalanine. Elevated AAA 
concentrations in the gut may result from an LPHC diet’s 
higher carbohydrate availability in the large intestine and 
reduced microbial degradation of AAA. The circulation’s 
AAA levels rise as a result of gut AAAs crossing the gut 
epithelium and entering the bloodstream, which also elevates 
dopamine and 5-HT levels in the central nervous system. 

Also, they have demonstrated that the LPHC diet elevates 
serum concentrations of bile acids, including TUDCA and 
taurine, whose neuroprotective effects are well studied [58, 
59]. Ultimately, the LPHC diet attenuated movement deficits 
in MPTP-induced PD. AAAs, microbial metabolites (taurine 
and TUDCA), and FGF-21 were identified as important 
mediators along the gut-microbiota-brain axis for this role 
of the LPCH diet on PD [22].

A human study assessed the feasibility of a Mediterranean 
diet intervention and its impact on gut microbiota 
composition, intestinal permeability, and gastrointestinal 
function in PD patients. The study has shown that after 5 
weeks of dietary intervention, constipation syndrome scores 
went down. Bilophila, which was initially higher in PD, 
slightly decreased after the dietary intervention. Notably, 
the proportion of Roseburia was significantly lower in 
PD compared to controls at the beginning and increased 
after intervention. However, there were no differences in 
markers of intestinal permeability between the control and 
PD groups, both before and after the intervention [19]. MD 
can be feasible to attenuate GI symptoms in PD through gut 
microbiota modification.

In summary, these findings emphasize the crucial role 
of gut microbiota and metabolites in PD and suggest that 
dietary interventions, such as vegetarian, Mediterranean, and 
low-protein diets, may offer potential benefits in alleviating 
inflammation and GI symptoms and improving clinical out-
comes in PD patients through the gut-brain axis.

Western Diet, Gut Microbiota, 
and Neuroinflammation

The Western diet, characterized by high levels of fat, animal 
proteins, and refined carbohydrates, is associated with the 
onset of neuroinflammation, which plays a role in neurode-
generative diseases. In recent times, the impact of the West-
ern diet on cognitive function and gut health has become a 
matter of increasing concern. The Western-style diet disrupts 
the balance of gut microbiota, leading to intestinal barrier 
damage and increased permeability. This disruption results 
in bacterial endotoxins like LPS to enter the bloodstream 
[31]. LPS is primarily produced by gut gram-negative 
bacteria and has been linked to diseases like AD. Studies 
show positive correlations between AD and the presence of 
gram-negative bacteria such as Helicobacter pylori, Porphy-
romonas gingivalis, Prevotella melaninogenica, and Campy-
lobacter rectus [60]. When LPS enters the bloodstream, it 
can trigger a response involving TLR4-dependent CD14 
upregulation in intestinal cells, further damaging the intes-
tinal barrier and increasing gut permeability. This process 
activates microglia, the primary immune cells in the central 
nervous system, in the hippocampus, leading to increased 
pro-inflammatory cytokine expression [61]. These cytokines 
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stimulate the transcription of protein tyrosine phosphatase 
1B (PTP1B), which inhibits critical signaling pathways 
required for synaptic function (pIRS-pAKT-pGSK3β). 
PTP1B causes synaptic disruption and neuroinflammation 
[62] (Fig. 3). Neuroinflammation plays a pivotal role in the 
pathogenesis of neurodegenerative disease. Seven distinct 
studies have been evaluated in the field of understanding the 
complex interaction between the Western diet, gut micro-
biota, and the beginning or progression of neurodegenera-
tive diseases (Table 1). Most of them focused on a high-fat 
diet particularly a high saturated-fat diet, which is mainly 
characterized by a Western diet.

Saiyasit et al. found that a high-fat diet (HFD) caused 
changes in the composition of intestinal bacteria in rats. 
Specifically, the ratio of Enterobacteriaceae to Eubacteria 
increased in the second week of HFD, and the Firmicutes/
Bacteroidetes (F/B) ratio increased in the eighth week. 
These changes in the gut microbiota were associated with 
gastrointestinal and systemic inflammation. Furthermore, 
their study demonstrated that prolonged consumption of 
HFD for 40 weeks led to an increase in amyloid plaque lev-
els in the brain. The mechanism behind this increased amy-
loid production in the brain with prolonged HFD consump-
tion is attributed to bacterial amyloid production resulting 
from intestinal dysbiosis. It has been observed that intesti-
nal dysbiosis leads to elevated levels of bacterial amyloid 
in the peripheral nervous system, as bacterial amyloid can 
cross the blood-brain barrier similar to circulating prions. 
The increased amyloid in the brain triggers protein misfold-
ing, thereby promoting neuroinflammation. As a result, 
prolonged HFD consumption not only induces cognitive 
dysfunction but also contributes to the progression of AD, 
accompanied by elevated brain amyloid levels. These find-
ings strongly support the “gut-brain” hypothesis, suggesting 
that gut dysbiosis plays a role in the early stages of dementia 
development, even before CI becomes apparent [24•].

Magnusson et al. conducted an animal study comparing 
the effects of HDF and a high-sucrose diet (HSD) on the 
microbiome and cognitive function. They found that both 
diets resulted in alterations in the microbiome compared 
to a normal diet, with some similarities between the two 
(e.g., increased Clostridiales). However, the HSD showed 
a greater decrease in Bacteroidetes compared to the HFD. 
Interestingly, Lactobacillales were significantly increased 
only in the HSD group, while Erysipelotrichales were sig-
nificantly affected only by the HFD. In terms of cognitive 
function, the researchers observed that higher percentages 
of Clostridiales and lower expression of Bacteroidales in the 
microbiome of mice on high-energy diets were associated 
with poorer cognitive flexibility during the reversal trials. 
These findings suggest that changes in the microbiome may 
play a role in the cognitive changes associated with con-
suming a Western diet. The specific alterations in bacte-
rial groups related to the type of diet highlight the potential 
influence of different dietary components on gut microbiota 
composition and its impact on cognitive flexibility [23].

High fructose, the main refined carbohydrate source of 
the Western diet, causes the hippocampal neuroinflamma-
tory response and neuronal loss, but the underlying mecha-
nisms remained elusive. Lie et al. examined alterations in the 
gut microbiota and intestinal epithelial barrier as the causes 
of hippocampal neuroinflammation induced by a high-
fructose diet in mice. Gut microbiota compositional altera-
tion, SCFA reduction, intestinal epithelial barrier impair-
ment, NOD-like receptor family pyrin domain-containing 6 
(NLRP6) inflammasome dysfunction, high levels of serum 
endotoxin, and FITC-dextran were observed in fructose-fed 
mice. This study showed that gut dysbiosis is a critical factor 
for a high-fructose diet-induced hippocampal neuroinflam-
mation in C57BL/6N mice possibly mediated by impair-
ing intestinal epithelial barrier. The faulty colonic NLRP6 
inflammasome is responsible for intestinal epithelial barrier 
impairment. SCFAs can stimulate NLRP6 inflammasome 
and ameliorate the impairment of the intestinal epithelial 
barrier, resulting in the protection against a high-fructose 
diet-induced hippocampal neuroinflammation and neuronal 
loss. These results provide new evidence for the protective 
mechanisms of SCFAs and pioglitazone against hippocam-
pal neuroinflammatory response and neuronal loss in this 
animal model [25].

In their study, Beilharz et al. looked at the effects of vari-
ous macronutrients on markers for memory, neuroinflamma-
tion, and neuroplasticity, as well as the gut microbiota. For 2 
weeks, identical pure diets of control, sugar, saturated fatty 
acid (SFA), or polyunsaturated fatty acid (PUFA) were given 
to rats. Importantly, each diet altered the microbial composi-
tion differently. Specifically, the relative abundance of 89 
taxa differed significantly between groups with the majority 
of these changes accounted for by the Clostridiales order and 

Fig. 3  Mechanistic explanation of the relationship between Western 
diet, gut microbiota, and neuroinflammation
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within that Lachnospiraceae and Ruminococcaceae. These 
taxa showed a range of macronutrient-specific correlations 
with place memory. At the species level, no significant rela-
tionship was found between microbial abundance and spatial 
memory. However, at the operational taxonomic unit (OTU) 
level, spatial memory showed a negative correlation with 
Oscillibacter_OTU30 (r = 0.39, p = 0.047) and a positive 
correlation with Barnesiella_OTU114 (r = 0.43, p = 0.019). 
It was determined that Oscillibacter shows a negative cor-
relation with spatial recognition memory. Oscillibacter is 
known to increase in obesity and is associated with gut per-
meability. Therefore, the SFA group may have increased 
gut permeability, leading to higher endotoxin plasma levels 
and more peripheral inflammation. Chronic exposure to a 
high-saturated fat diet can damage the blood-brain barrier 
(BBB), resulting in increased neuroinflammation through 
the leakage of peripheral proteins from the blood to the 
brain. Clostridiales and Lachnospiraceae (genus: unclassi-
fied), OTU28 and OTU171, were found to be associated 
with a HFD and showed a negative correlation with spa-
tial memory. On the other hand, OTU40 and OTU99 were 
associated with a high-CHO diet and showed positive and 
negative correlations with spatial memory, respectively. 
Recent studies investigating the effects of high-energy diets 
on microbial composition have shown that the OTU anal-
ysis level is crucial, especially for determining microbial 
signatures following short-term dietary interventions [26]. 
Another study has investigated gut microbiota-metabolomics 
signatures preceding dementia in genetically prone (3xtg) 
mice, with and without a high-fat diet intervention. Anal-
ysis of the metabolites showed that 3xtg mice, especially 
when on a high-fat diet, had lower levels of unsaturated fatty 
acids and choline and higher levels of ketone bodies, lactate, 
amino acids, trimethylamine, and trimethylamine N-oxide. 
These changes in metabolism were associated with a higher 
presence of Enterococcaceae, Staphylococcus, Roseburia, 
Coprobacillus, and Dorea bacteria and a lower presence of 
S24.7, rc4.4, and Bifidobacterium. These bacterial changes 
were linked to cognitive decline and reduced brain metabo-
lism [30].

The Western diet is characterized by a fiber-deficient diet. 
In a study, they investigated the effects of chronic dietary 
fiber deficiency (FD) on cognition using a mouse model. 
The FD mice displayed gut microbiota dysbiosis, specifi-
cally decreased Bacteroidetes and increased Proteobacteria, 
which was strongly associated with cognitive deficits. Nota-
bly, a rapid shift in gut microbiota composition was observed 
in mice subjected to a short-term FD diet (7 days) before 
experiencing cognitive impairment, indicating a potential 
causal relationship between gut microbiota profiles and cog-
nitive outcomes. Additionally, the FD diet compromised the 
integrity of the intestinal barrier and led to reduced produc-
tion of SCFAs. These findings shed light on the critical role 

of dietary fiber in maintaining gut microbiota balance and 
its implications for cognitive health [28].

A recent study assessed the effects of omega-3 (n3) sup-
plementation on various aspects including intestinal micro-
biota, fatty acid profiles, neuroinflammation, and social 
memory in rats fed a cafeteria diet (CAF). Male Wistar rats 
were fed with CAF for 20 weeks. Omega-3 (500 mg/kg/
day) was supplemented between the 16th and 20th weeks. 
CAF reduced microbiota diversity, while omega-3 did not 
show improvements in bacterial diversity; however, it did 
exhibit a beneficial effect in reducing metabolic endotox-
emia caused by the CAF, suggesting its potential advantages 
in treating neuroinflammation associated with obesity. In the 
social memory test, CAF-fed animals showed greater social 
interaction with no effect of n3. However, they stated that 
this result could not affirm that the dysbiosis caused by CAF 
was the cause of the increased sociability [27].

A study hypothesized that a high-fat diet would result 
in dysbiosis of the gut microbes, which would then lead to 
neuroinflammation and cognitive loss. This study investi-
gated the effects of an 8-week high-fat diet on water radial 
arm maze performance, gut bacteria diversity and abun-
dance, and microgliosis in male Sprague Dawley rats who 
were 7 months old. In contrast to a low-fat, control diet, 
they discovered that a high-fat diet changed the populations 
of gut microbes. However, neither microgliosis nor maze 
performance—a test of spatial working memory—showed 
significant differences across dietary groups [29].

A study investigated whether changes in the gut micro-
biota, colon inflammation, and cognition are driven by the 
high-saturated-PA diet which is the main saturated fatty 
acid of the Western diet. The diversity and richness of the 
gut microbiota decreased significantly in the diet-induced 
obese mice. At the phylum level, they found that the gut 
microbiota had increased Firmicutes and Actinobacteria and 
decreased Bacteroides and Proteobacteria. Decreased Bacte-
roidetes were linked to poor recognition memory and spatial 
memory. Additionally, mice showed decreased tight junction 
proteins, elevated plasma LPS, and increased colon and liver 
inflammation. The hippocampal brain-derived neurotrophic 
factor decreased significantly [31].

Conclusion

In conclusion, maintaining a healthy balance between the 
host and gut microbiota is essential for optimal health and 
disease prevention, particularly in the context of neurode-
generative diseases and neuroinflammation. Diet plays a sig-
nificant role in shaping the composition of the gut microbi-
ota, and dietary interventions have the potential to modulate 
the gut microbiota and promote neuroprotection. Due to a 
lack of conclusive human trial data that definitively proves a 
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causal relationship between a particular diet and microbially 
mediated brain functions and symptoms, there are still gaps 
in our knowledge to decipher these complex relationships. 
There are limited studies in the field in the literature, which 
are mainly animal studies. Based on restricted knowledge, a 
ketogenic diet (KD) can be effective, especially at the cogni-
tive impairment stage, through gut microbiota modulation. 
However, the type of KD is a key factor in evaluating the 
clinical outcomes of cognitive impairment and Alzheimer’s 
disease related to gut microbiota and metabolites. Parkin-
son’s disease (PD), which is closely linked to the inflam-
matory environment in the gut, can be managed with a veg-
etarian and Mediterranean diet via the gut-brain axis. Also, 
a low-protein high-carbohydrate diet, one of the effective 
dietary interventions on PD, has been shown to improve 
disease progression by modulating gut microbiota. Western 
dietary patterns can change the gut microbiota in ways that 
cause neuroinflammation and eventually result in the onset 
of cognitive decline. Overall, there is a need for a robust 
mechanistic explanation of the intricate interplay between 
different types of dietary patterns, gut microbiota, microbial 
metabolites, and their consequences on cognitive function 
and neurodegenerative disease progression. 

Author Contributions Ş.A. wrote the main manuscript text and Ş.A 
prepared figures and table. Ş.A. and S.B. reviewed the manuscript.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Türkiye (TÜBİTAK).

Compliance with Ethical Standards 

Conflict of Interests The authors declare no competing interests.

Human and Animal Rights and Informed Consent This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  

• Of importance  
•• Of major importance

 1. Feigin VL, et  al. The global burden of neurological dis-
orders: translating evidence into policy. Lancet Neurol. 
2020;19(3):255–65.

 2. Nichols E, et al. Global, regional, and national burden of Alz-
heimer’s disease and other dementias, 1990–2016: a systematic 
analysis for the Global Burden of Disease Study 2016. Lancet 
Neurol. 2019;18(1):88–106.

 3. Nagpal R, et al. Gut mycobiome and its interaction with diet, gut 
bacteria and Alzheimer’s disease markers in subjects with mild 
cognitive impairment: a pilot study. EBioMedicine. 2020;59: 
102950.

 4. Dorsey ER, Bloem BR. The Parkinson pandemic—a call to 
action. JAMA Neurol. 2018;75(1):9–10.

 5. Sampson TR, et al. Gut microbiota regulate motor deficits and 
neuroinflammation in a model of Parkinson’s disease. Cell. 
2016;167(6):1469-1480. e12.

 6. Cekanaviciute E, et al. Gut bacteria from multiple sclerosis 
patients modulate human T cells and exacerbate symptoms in 
mouse models. Proc Natl Acad Sci. 2017;114(40):10713–8.

 7. Sharon G, et  al. Human gut microbiota from autism spec-
trum disorder promote behavioral symptoms in mice. Cell. 
2019;177(6):1600-1618. e17.

 8. Kumar DKV, et al. Amyloid-β peptide protects against microbial 
infection in mouse and worm models of Alzheimer’s disease. 
Science Transl Med. 2016;8(340):340ra72-340ra72.

 9. Zhuang Z-Q, et al. Gut microbiota is altered in patients with 
Alzheimer’s disease. J Alzheimer’s Dis. 2018;63(4):1337–46.

 10. Saji N, et al. The relationship between the gut microbiome 
and mild cognitive impairment in patients without demen-
tia: a cross-sectional study conducted in Japan. Sci Rep. 
2019;9(1):1–10.

 11. Alkasir R, et al. Human gut microbiota: the links with dementia 
development. Protein Cell. 2017;8(2):90–102.

 12.•• Nagpal R, et al. Modified Mediterranean-ketogenic diet modu-
lates gut microbiome and short-chain fatty acids in association 
with Alzheimer’s disease markers in subjects with mild cognitive 
impairment. EBioMedicine. 2019;47:529–42. According to the 
research, certain gut microbial signatures may indicate MCI, 
and MMKD may modulate gut metabolites and microbiome 
in correlation with enhanced AD biomarkers in CSF.

 13. Cox LM, Weiner HL. Microbiota signaling pathways that influ-
ence neurologic disease. Neurotherapeutics. 2018;15(1):135–45.

 14. Solas M, et al. Inflammation and gut-brain axis link obesity to 
cognitive dysfunction: plausible pharmacological interventions. 
Curr Opin Pharmacol. 2017;37:87–92.

 15. Rinninella E, et al. What is the healthy gut microbiota composi-
tion? A changing ecosystem across age, environment, diet, and 
diseases. Microorganisms. 2019;7(1):14.

 16.•• Hegelmaier T, et al. Interventional influence of the intestinal 
microbiome through dietary intervention and bowel cleansing 
might improve motor symptoms in Parkinson’s disease. Cells. 
2020;9(2):376. In PD patients, dietary modification and colon 
cleansing are acceptable approaches for modifying the gut 
microbiota and maybe enhancing clinical outcomes.

 17. Quigley EM. Microbiota-brain-gut axis and neurodegenerative 
diseases. Curr Neurol Neurosci Rep. 2017;17:1–9.

 18. Dilmore AH, et al. Effects of a ketogenic and low-fat diet on 
the human metabolome, microbiome, and foodome in adults 
at risk for Alzheimer’s disease. Alzheimer’s & Dementia. 
2023;19(11):4805–16.

 19. Rusch C, et al. Mediterranean diet adherence in people with 
Parkinson’s disease reduces constipation symptoms and changes 

http://creativecommons.org/licenses/by/4.0/


Current Nutrition Reports 

fecal microbiota after a 5-week single-arm pilot study. Front 
Neurol. 2021;12:794640.

 20. Ma D, et al. Ketogenic diet enhances neurovascular function 
with altered gut microbiome in young healthy mice. Sci Rep. 
2018;8(1):1–10.

 21. Park S, et al. Ketone production by ketogenic diet and by inter-
mittent fasting has different effects on the gut microbiota and 
disease progression in an Alzheimer’s disease rat model. JCBN. 
2020;67(2):188–98.

 22. Chu C, et al. A low-protein, high-carbohydrate diet exerts a 
neuroprotective effect on mice with 1-methyl-4-phenyl-1, 2, 3, 
6-tetrahydropyridine-induced Parkinson’s disease by regulating 
the microbiota-metabolite–brain axis and fibroblast growth fac-
tor 21. J Agric Food Chem. 2023;71(23):8877–93.

 23. Magnusson K, et al. Relationships between diet-related changes 
in the gut microbiome and cognitive flexibility. Neuroscience. 
2015;300:128–40.

 24.• Saiyasit N, et al. Gut dysbiosis develops before metabolic dis-
turbance and cognitive decline in high-fat diet–induced obese 
condition. Nutrition. 2020;69:110576. The research shows that 
a high-fat diet initially leads to gut dysbiosis, which then 
progresses to brain pathology, resulting in cognitive decline.

 25. Li J-M, et al. Dietary fructose-induced gut dysbiosis promotes 
mouse hippocampal neuroinflammation: a benefit of short-chain 
fatty acids. Microbiome. 2019;7(1):1–14.

 26. Beilharz JE, Maniam J, Morris M. Short-term exposure to a 
diet high in fat and sugar, or liquid sugar, selectively impairs 
hippocampal-dependent memory, with differential impacts on 
inflammation. Behav Brain Res. 2016;306:1–7.

 27. Neto J, et al. Impact of cafeteria diet and n3 supplementation 
on the intestinal microbiota, fatty acids levels, neuroinflamma-
tory markers and social memory in male rats. Physiol Behav. 
2023;260:114068.

 28. Shi H, et al. A fiber-deprived diet causes cognitive impairment 
and hippocampal microglia-mediated synaptic loss through the 
gut microbiota and metabolites. Microbiome. 2021;9(1):1–20.

 29. Deshpande NG, et al. High fat diet alters gut microbiota but not 
spatial working memory in early middle-aged Sprague Dawley 
rats. PLoS ONE. 2019;14(5):e0217553.

 30. Sanguinetti E, et al. Microbiome-metabolome signatures in mice 
genetically prone to develop dementia, fed a normal or fatty diet. 
Sci Rep. 2018;8(1):4907.

 31. Zhang P, et al. Alterations to the microbiota–colon–brain axis 
in high-fat-diet-induced obese mice compared to diet-resistant 
mice. J Nutr Biochem. 2019;65:54–65.

 32. Hardy J, Allsop D. Amyloid deposition as the central event in 
the aetiology of Alzheimer’s disease. Trends Pharmacol Sci. 
1991;12:383–8.

 33. Le Page A, et al. Role of the peripheral innate immune sys-
tem in the development of Alzheimer’s disease. Exp Gerontol. 
2018;107:59–66.

 34. Bronzuoli MR, et al. Targeting neuroinflammation in Alzhei-
mer’s disease. J Inflamm Res. 2016;9:199.

 35. Hajjo H, Geva-Zatorsky N. Gut microbiota–host interactions now 
also brain-immune axis. Curr Opin Neurobiol. 2020;62:53–9.

 36. Szablewski L. Human gut microbiota in health and Alzheimer’s 
disease. J Alzheimers Dis. 2018;62(2):549–60.

 37. Junges VM, et al. Crosstalk between gut microbiota and central 
nervous system: a focus on Alzheimer’s disease. Curr Alzheimer 
Res. 2018;15(13):1179–90.

 38. Bonfili L, et al. Microbiota modulation counteracts Alzheimer’s 
disease progression influencing neuronal proteolysis and gut 
hormones plasma levels. Sci Rep. 2017;7(1):2426.

 39. Morris MC, Tangney CC. Dietary fat composition and dementia 
risk. Neurobiol Aging. 2014;35:S59–64.

 40. Chianese R, et al. Impact of dietary fats on brain functions. Curr 
Neuropharmacol. 2018;16(7):1059–85.

 41. Gaspard N, et  al. New-onset refractory status epilepti-
cus (NORSE) and febrile infection–related epilepsy syn-
drome (FIRES): state of the art and perspectives. Epilepsia. 
2018;59(4):745–52.

 42. Tefera TW, Borges K. Metabolic dysfunctions in amyotrophic 
lateral sclerosis pathogenesis and potential metabolic treatments. 
Front Neurosci. 2017;10:611.

 43. Prins ML, Matsumoto JH. The collective therapeutic potential 
of cerebral ketone metabolism in traumatic brain injury. J Lipid 
Res. 2014;55(12):2450–7.

 44. Suzuki M, et al. Effect of β-hydroxybutyrate, a cerebral function 
improving agent, on cerebral hypoxia, anoxia and ischemia in 
mice and rats. Jpn J Pharmacol. 2001;87(2):143–50.

 45. Kashiwaya Y, et al. d-β-Hydroxybutyrate protects neurons in 
models of Alzheimer’s and Parkinson’s disease. Proc Natl Acad 
Sci. 2000;97(10):5440–4.

 46. McDonald TJ, Cervenka MC. Ketogenic diets for adult neuro-
logical disorders. Neurotherapeutics. 2018;15:1018–31.

 47. Hirsch L, et al. The incidence of Parkinson’s disease: a sys-
tematic review and meta-analysis. Neuroepidemiology. 
2016;46(4):292–300.

 48. Man WK, et al. The docking of synaptic vesicles on the presyn-
aptic membrane induced by α-synuclein is modulated by lipid 
composition. Nat Commun. 2021;12(1):927.

 49. Yu Q-J, et al. Parkinson disease with constipation: clinical fea-
tures and relevant factors. Sci Rep. 2018;8(1):1–9.

 50. Yan F, et  al. Gastrointestinal nervous system α-synuclein 
as a potential biomarker of Parkinson disease. Medicine. 
2018;97(28):11337.

 51. Mulak A, et al. Fecal calprotectin as a marker of the gut immune 
system activation is elevated in Parkinson’s disease. Front Neu-
rosci. 2019;13:992.

 52. Keshavarzian A, et al. Colonic bacterial composition in Parkin-
son’s disease. Mov Disord. 2015;30(10):1351–60.

 53. Petrov V, et al. Analysis of gut microbiota in patients with Par-
kinson’s disease. Bull Exp Biol Med. 2017;162:734–7.

 54. Scheperjans F, et al. Gut microbiota are related to Parkinson’s 
disease and clinical phenotype. Mov Disord. 2015;30(3):350–8.

 55. Romano S, et al. Meta-analysis of the Parkinson’s disease gut 
microbiome suggests alterations linked to intestinal inflamma-
tion. npj PD. 2021;7(1):27.

 56. Haikal C, Chen Q-Q, Li J-Y. Microbiome changes: an indicator 
of Parkinson’s disease? Transl Neurodegener. 2019;8:1–9.

 57. Wang L, et al. Protein-restricted diets for ameliorating motor 
fluctuations in Parkinson’s disease. Front Aging Neurosci. 
2017;9:206.

 58. Cuevas E, et al. Tauroursodeoxycholic acid (TUDCA) is neuro-
protective in a chronic mouse model of Parkinson’s disease. Nutr 
Neurosci. 2022;25(7):1374–91.

 59. Wang K, et  al. Taurine improves neuron injuries and cog-
nitive impairment in a mouse Parkinson’s disease model 
through inhibition of microglial activation. Neurotoxicology. 
2021;83:129–36.

 60. Kim S, et al. Gram-negative bacteria and their lipopolysaccha-
rides in Alzheimer’s disease: pathologic roles and therapeutic 
implications. Transl Neurodegener. 2021;10(1):1–23.

 61. Qin L, et al. Systemic LPS causes chronic neuroinflammation 
and progressive neurodegeneration. Glia. 2007;55(5):453–62.

 62. Vieira MN, et al. Protein tyrosine phosphatase 1B (PTP1B): a 
potential target for Alzheimer’s therapy? Frontiers Aging Neu-
rosci. 2017;9:7.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Modulation of Gut Microbiota Through Dietary Intervention in Neuroinflammation and Alzheimer’s and Parkinson’s Diseases
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Methods
	Results
	Ketogenic Diet, Gut Microbiota, and Alzheimer’s Disease
	Vegetarian, Mediterranean, and Low-Protein High-Carbohydrate Diets, Gut Microbiota, and Parkinson’s Disease
	Western Diet, Gut Microbiota, and Neuroinflammation

	Conclusion
	References


