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INTRODUCTION AND BACKGROUND

Dementia begins years before clinical
symptoms, during a preclinical phase marked by
vascular injury, inflammation, metabolic dysfunction,
immune activation, and early neurodegeneration.

The gut and oral microbiomes may
influence these pathways by affecting host
metabolism, systemic inflammation, blood-brain
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microbiome diversity and cognition in Framingham.
Together, these findings support a vascular—
metabolic—oral-gut—brain axis model.

This review synthesizes human cohort
evidence across preclinical and clinical dementia to
identify consistent microbiome signals for validation,
prevention, and therapeutic follow-up.

Cognitive impairment and dementia linked to dysbiosis, altered microbial functions

Evidence fragmented by sample size, methods, definitions

METHODS

Systematic narrative review of human
cohort studies of gut and/or oral microbiome across
preclinical and clinical dementia.

Eligibility: adults with normal cognition,
subjective  cognitive decline, mild cognitive
impairment, AD, VCID, or other ADRD; reported
microbiome associations with cognition,
neuroimaging, biomarkers, or dementia status.

Searches focused on studies and
reviews using terms related to gut and oral
microbiota, Alzheimer’'s disease, dementia, mild
cognitive impairment, cognition, neuroimaging,
inflammation, vascular  brain injury, and
metabolomics.

Evidence was grouped into preclinical
dementia, mild cognitive impairment, clinical
dementia, and overlapping findings across stages.

We extracted cohort characteristics,
sample type, profiling method, clinical outcome,
major microbial taxa or pathways, and links with
inflammation, vascular injury, neurodegeneration, or
metabolic dysfunction.

We prioritized reproducible  and
biologically plausible signals, including SCFAs
producers, pro-inflammatory/pathobiont taxa, oral-
gut patterns, and microbial metabolites.

‘ Search & Identification

| A= Recent, high-impact human cohort studies (PubMed, Embase, Web of
Science)
o Focus: Gut/oral microbiota, AD, dementia, MCI, cognition,

neuroimaging, inflammation, vascular injury, metabolomics
o Inclusion: Normal, SCD, MCI, AD, VCI, other ADRD

Vie ' Screening & Eligibility

Include studies with:

- « Human adults
J v + Microbiome association with cognition, neuroimaging, biomarkers, or
le dementia status

- Data Extrag:tion

Collected for each study:

« Cohort characteristics
- « Sample type (stool, saliva, etc.)
—t—1—1 « Profiling method (16S, metagenomics, etc.)

A@ « Clinical outcome (diagnosis, cognition, imaging, biomarkers)
» Major microbial taxa/pathways

« Associations: inflammation, vascular injury, neurodegeneration,

metabolic dysfunction

' Grouping of Evidence

' | Grouped studies by dementia stage:
* Preclinical
+ Mild cognitive impairment
+ Clinical dementia

« Overlapping/consistent findings

Prioritization & Synthesis
L Prioritized reproducible, biologically plausible signals:
« Short-chain-fatty-acid (SCFA) producers
6] + Pro-inflammatory/pathobiont taxa
) + Oral-gut microbiome patterns
* Microbial metabolites

OVERALL OBJECTIVE

The objective of this review is to
synthesize current human cohort evidence
on the gut and oral microbiome across

dementia, mild

preclinical cognitive

impairment, and clinical dementia. —

We aim to identify microbial taxa,
functional pathways, and metabolite-related

1. Summarize Current Knowledge
¢ Human cohort studies of gut and oral microbiome
¢ Normal cognition, SCD, MCI, AD, VCl/other ADRD

signatures that are consistently associated
with cognitive decline, Alzheimer’s disease,

0 ® o o .
mmm ¢ Preclinical dementia

2. Compare Across Disease Stages

vascular brain injury, inflammation, and + Mild cognitive impairment
d t | S ¢ Clinical dementia
neuroaegeneration. e Shared vs stage-specific findings
By comparing findings across - A Nevs
) y P ) 9 9 3. Identify Priority Signals
disease stages, this work seeks to @) 3r o Reraluelbio b

distinguish early microbiome signals that
may contribute to dementia risk from later
dysbiosis associated with established

¢ Microbial pathways
Y ¢ Metabolite-related signatures
¢ Oral-gut microbial patterns

disease. @

The ultimate goal is to define
priority microbiome targets for future
validation, risk prediction, and therapeutic

4. Interpret Biological Relevance
¢ Inflammation and immune activation

¢ Vascular brain injury

* Neurodegeneration

¢ Metabolic dysfunction

development, including strategies focused @
on diet, lifestyle, oral health,
probiotics/prebiotics, microbial metabolites,
and modulation of inflammatory and '

13 5. Guide Future Therapeutic Approaches
¢ Diet and lifestyle
¢ Oral health
¢ Probiotics/prebiotics
* Microbial metabolites/postbiotics
* Precision prevention and treatment

vascular pathways relevant to dementia
prevention and care.
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RESULTS: PRECLINICAL DEMENTIA

Human evidence suggests that microbiome alterations may appear before overt cognitive
impairment.

In cognitively normal older adults with preclinical Alzheimer’s disease pathology, gut microbiome
composition differed from controls and correlated with amyloid-B and tau biomarkers, but not with
neurodegeneration markers, supporting a possible early microbiome signal in the AD continuum.

In parallel, work from our group extends this evidence to vascular brain aging by showing that gut
microbiome profiles are associated with cerebral small vessel disease burden and executive function
in stroke- and dementia-free Framingham participants.

Emerging oral microbiome studies also suggest associations between oral microbial composition
and cognitive performance. Together, preclinical findings support early gut—oral-vascular—
inflammatory pathways that may precede clinical dementia.

Immune activation

Innate and adaptive
immune responses

Inflammation

Low-grade systemic
inflammation

Vascular injury

Endothelial dysfunction,
microvascular damage

Early neurodegenerative change
Synaptic dysfunction,
neuronal stress

Preclinical stage

Normal cognition, SCD, early at-risk populations

=N Current evidence

—  Microbiome composition differs with preclinical AD pathology
—q * Associations reported with amyloid-beta and tau biomarkers

« Signals may appear before overt cognitive impairment
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Knowledge cluster

Reduced SCFA / butyrate
producers

What human cohorts suggest

Across AD-spectrum meta-analyses and several
cohorts, lower Faecalibacterium, Roseburia,
Ruminococcus and related Firmicutes/SCFA-
producing groups recur, although exact taxa vary by
country, assay and disease stage.

Possible implication

May reflect impaired gut barrier support,
reduced immune tolerance and a shift away
from anti-inflammatory microbial metabolism.

RESULTS: CLINICAL DEMENTIA AND MCI

In mild cognitive impairment and clinical dementia, studies more consistently report
microbial dysbiosis, although results remain heterogeneous across cohorts and methods.

Common patterns include reduced microbial diversity, depletion of beneficial or short-chain-
fatty-acid-producing taxa, and enrichment of pro-inflammatory/pathobiont organisms, including shifts
involving Firmicutes, Bacteroidetes, Proteobacteria, and Bifidobacteria.

Clinical studies also highlight altered microbial metabolic functions related to inflammation,
barrier integrity, neuroactive metabolites, and vascular-metabolic dysfunction.

Paired gut/oral microbiome work, including studies in Hispanic older adults with cognitive
impairment, suggests that oral and gut communities may provide complementary information.

Overall, clinical-stage evidence supports priority therapeutic targets focused on restoring
beneficial taxa, improving oral health, modifying diet, and targeting microbial metabolites and
inflammatory pathways.
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Intestinal and blood-brain
barrier impairment

Mitochondrial stress,
impaired metabolism

Chronic systemic
inflammation

Synaptic loss, neuronal
injury, protein aggregation

Clinical stage

MCI, Alzheimer’s disease, and related dementias
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Overall message: clinical dementia is associated with
reproducible dysbiosis patterns that may guide therapeutic follow-up.
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Follow-up / therapeutic angle

Prebiotic fiber/resistant starch, MIND/Mediterranean-
style diet optimization, synbiotics or defined consortia.
Enrich trials for people with low baseline SCFA pathways
and measure fecal SCFAs plus plasma inflammatory
markers.

Inflammatory and gram- Clinical and prodromal studies report increases in

negative pathobiont signal

taxa such as Haemophilus, Neisseria,
Actinobacillus, Porphyromonas, Treponema,
Parvimonas, Dialister and Fusobacterium
depending on cohort.

LPS and virulence factors may link local
Proteobacteria or Escherichia/Shigella-like signals; |dysbiosis to systemic inflammation, blood-
oral studies emphasize gram-negative or anaerobic [brain barrier stress and neuroinflammatory
cascades.

Pair stool with saliva/subgingival sampling; test
periodontal treatment, oral hygiene intensification and
microbiome anti-inflammatory approaches; measure
LPS/sCD14, CRP, IL-6 and neurodegeneration
biomarkers.

Biomarker-linked preclinical|In cognitively normal cohorts, gut microbial

gut shifts composition can differ in biomarker-positive
preclinical AD and correlate with amyloid/tau more
than neurodegeneration markers.

The microbiome may be an early host-
response marker, a contributor to early
pathology, or both.

Longitudinal cohorts with stool, diet,
antibiotics/medications, plasma p-tau/A and PET/CSF
subsets; test whether baseline microbiome predicts
conversion or biomarker acceleration.

Oral-gut-brain axis and Paired oral and fecal studies show stage-specific

mouth-to-gut overlap

or cognition-defined at-risk groups.

The mouth may be a modifiable upstream
patterns; oral-gut shared genera may increase with |reservoir influencing gut ecology and systemic |include dental exams, periodontal status, swallowing/oral
AD severity, and oral signals can appear in APOE4 |inflammation.

Co-sample oral niches and stool in the same participants;

hygiene, diet and medications. Consider pragmatic
periodontal-care trials.

Species- and function-level |Shotgun metagenomics in MCI highlights that
specificity species within the same genus can associate in
opposite directions; genus-level 16S signals often
do not resolve therapeutic targets.

Taxon names alone are insufficient; microbial
functions, strains and metabolites should be
the unit of intervention.

Move from 16S-only screens to shotgun/long-read
metagenomics, metatranscriptomics and metabolomics;
prioritize pathways such as SCFA, bile acid, amino acid,
tryptophan/kynurenine and neuroactive metabolism.

Early interventional

evidence
one early trial has an expression of concern, so it

should not anchor conclusions alone.

Small probiotic trials in AD/MCI exist, but outcomes [Microbiome modulation is plausible but not yet |Design biomarker-enriched, adequately powered,
and biomarker effects are mixed and methods vary; |clinically established for dementia prevention
or treatment.

placebo-controlled trials, preferably in preclinical/MCI
stages, with microbiome response criteria and
prespecified cognitive and plasma biomarker endpoints.

P: Monday-0532

CONCLUSIONS AND PERSPECTIVES

Human cohort studies support a growing role for the gut and oral microbiome across the
dementia continuum, from preclinical brain vulnerability to mild cognitive impairment and clinical
dementia.

The most consistent signals include microbial dysbiosis, reduced diversity, depletion of
beneficial or short-chain-fatty-acid-producing taxa, enrichment of pro-inflammatory/pathobiont
organisms, altered microbial metabolic functions, and emerging oral—gut microbial patterns.

These findings suggest that microbiome changes may reflect vascular, inflammatory,
metabolic, and neurodegenerative processes that begin before overt cognitive decline.

Preclinical studies link microbiome composition with amyloid/tau biomarkers, cerebral
small vessel disease, executive function, and early cognitive vulnerability.

Clinical studies in MCl and dementia show stronger evidence for dysbiosis, but findings
remain heterogeneous because of differences in cohort design, sequencing methods, diagnostic
definitions, and analytic pipelines.

Work from our group strengthens a vascular-metabolic—oral—-gut—brain axis framework
by connecting microbiome features with cerebral small vessel disease, executive function, gut/oral
microbial patterns in cognitive impairment, and Life’s Essential 8—related microbiome diversity and
cognition.

Future studies should prioritize longitudinal, diverse, multi-omic cohorts integrating gut
and oral microbiome profiling with metabolomics, inflammatory markers, neuroimaging, vascular
brain injury, cognition, and AD biomarkers.

Key targets include SCFA-producing bacteria, pro-inflammatory taxa, oral-gut
signatures, bile acids, indoles, LPS, TMAO, and pathways related to inflammation, barrier
dysfunction, vascular injury, and neurodegeneration.

Promising therapeutic directions include diet and lifestyle modification, oral health
interventions, probiotics, prebiotics, synbiotics, postbiotics, and microbial metabolite modulation.

Overall, consistent microbiome signals may help define actionable targets for dementia
risk prediction, prevention, and therapeutic development.
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Overall message: shared microbiome signals may guide @

actionable strategies for dementia prevention and care.
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