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Abstract. Advancing age is recognized as the primary risk factor for Alzheimer’s disease (AD); however approximately
one third of dementia cases are attributable to modifiable risk factors such as hypertension, diabetes, smoking, and obesity.
Recent research also implicates oral health and the oral microbiome in AD risk and pathophysiology. The oral microbiome
contributes to the cerebrovascular and neurodegenerative pathology of AD via the inflammatory, vascular, neurotoxic, and
oxidative stress pathways of known modifiable risk factors. This review proposes a conceptual framework that integrates the
emerging evidence regarding the oral microbiome with established modifiable risk factors. There are numerous mechanisms by
which the oral microbiome may interact with AD pathophysiology. Microbiota have immunomodulatory functions, including
the activation of systemic pro-inflammatory cytokines. This inflammation can affect the integrity of the blood-brain barrier,
which in turn modulates translocation of bacteria and their metabolites to brain parenchyma. Amyloid-� is an antimicrobial
peptide, a feature which may in part explain its accumulation. There are microbial interactions with cardiovascular health,
glucose tolerance, physical activity, and sleep, suggesting that these modifiable lifestyle risk factors of dementia may have
microbial contributors. There is mounting evidence to suggest the relevance of oral health practices and the microbiome to
AD. The conceptual framework presented here additionally demonstrates the potential for the oral microbiome to comprise
a mechanistic intermediary between some lifestyle risk factors and AD pathophysiology. Future clinical studies may identify
specific oral microbial targets and the optimum oral health practices to reduce dementia risk.
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INTRODUCTION

Dementia represents the leading cause of disabil-
ity in older people. Alzheimer’s disease (AD) is the
most common cause of dementia, accounting for up
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to 70% of cases [1]. Following disappointing failed
drug trials based on the amyloid hypothesis, and a
recently approved treatment with uncertain clinical
efficacy [2], there are ever louder calls to seek other
lines of enquiry such as inflammatory, immune, and
microbial mechanisms [3, 4]. Research leading to
novel preventative and early intervention opportuni-
ties is critical since the disease process begins several
decades prior to symptom onset [5]. As identified
through the 2020 Lancet Commission into dementia,
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modifiable risk factors are considered to contribute to
up to 40% of dementia risk, with obesity, hyperten-
sion, and hearing loss representing important midlife
dementia risk factors and education playing a role ear-
lier in life [6]. Later life risk factors include smoking,
physical inactivity, diabetes, depression, and social
isolation [6]. Whilst the Lancet Commission consid-
ers the role of head injury, excessive alcohol intake,
and air pollution, observational studies also suggest
that diet and sleep are probable modifiers of dementia
risk [7]. At the same time, the role of oral disease and
perturbation of the oral microbiome in neurodegener-
ative disease is being uncovered [8]. It is unlikely that
these factors occur in isolation, and indeed lifestyle
factors are deeply intertwined with the role of the
gut microbiome in health and disease [9]. However,
exactly how and to what degree lifestyle risk and pro-
tective factors relate to the oral microbiome in the
context of AD has not been investigated.

In this article, we propose a conceptual framework
in which the oral microbiome is a plausible causal
intermediary between several of the lifestyle factors
known to modify AD risk. Some interactions between
lifestyle factors and the oral microbiome area likely
to be direct and causal. Cardiometabolic factors (e.g.,
diabetes mellitus, obesity, hypertension) in particu-
lar have established causal effects and bidirectional
interactions with the oral microbiome and corre-
spondingly, to oral health and disease [10, 11]. The
interactions between other lifestyle factors and the
oral microbiome are better characterized indirect or
due to shared ‘upstream’ risk factors (e.g., psychoso-
cial factors, education level, and depression). Here
we intend to synthesize the evidence for both direct
and indirect interactions between lifestyle and oral
microbiome-related factors to provide new insights
into the modifiable drivers of AD. In doing so, we
highlight gaps in research and future opportunities
that may lead to novel avenues for prevention and
early intervention.

AN OVERVIEW OF AD
PATHOPHYSIOLOGY

AD and AD related dementias (AD/ADRD) rep-
resent the most common forms of dementia and
include frontotemporal dementia, Lewy body demen-
tia, vascular contributions to cognitive impairment
and dementia, and mixed etiology dementias. The dis-
ease process contributing to AD is multifactorial and
pathology overlaps with the ADRD subtypes. The

neurotoxic pathologies key to AD are amyloid-� pep-
tide (A�) plaques and neurofibrillary tangles (NFTs)
of tau protein. A� pathology is caused by improper
cleavage of the amyloid-� protein precursor resulting
in the aggregation of A� fibrils and plaques, particu-
larly in the medial temporal lobe [12]. Failure to clear
A� is an important cause of AD and consequences
of A� build up include neuronal degeneration, neu-
roinflammation, oxidative stress, microglia activation
and dysfunction of the blood-brain barrier [13, 14].
Hyperphosphorylation of tau results in the forma-
tion of NFTs. The accumulation of NFTs in turn
leads to loss of neuronal function and apoptosis [12].
Systemic inflammation, caused by an imbalance of
anti-inflammatory and pro-inflammatory signaling is
attributed to activated microglia cells and the release
of cytokines [12]. These processes are thought to
participate in a positive feedback loop of A� deposi-
tion, formation of NFTs, and synaptic and neuronal
damage [13].

In AD, dysfunctional glucose metabolism in the
brain results from A�-induced oxidative stress and
leads to synaptic dysfunction and apoptosis [15].
Indeed, AD has been dubbed ‘type 3 diabetes’ by
some [16, 17] due to the effects of impaired glu-
cose tolerance on pathophysiological features of AD,
including insulin growth factor signaling, oxidative
stress, acetylcholine esterase activity regulation, A�
formation, and NFT formation [18].

Lipid peroxidation, protein oxidation, and DNA
oxidation are also involved in AD pathogenesis
[19]. Oxidative stress disrupts membrane integrity,
and damages A�, while A� deposition results in
the further generation of reactive oxygen species
[20]. Oxidative stress contributes to neurovascular
dysfunction in AD. Free radicals induce inflamma-
tion and endothelial dysfunction, promoting vascular
leakage and cytokine production [21].

Small vessel disease, microvascular injury, and
microscopic lesions are common in AD [22]. A�
is a powerful vasoconstrictor and can suppress
endothelium-dependent responses, blood flow, and
cerebrovascular autoregulation [21]. As compared to
AD, vascular dementia is caused by impaired cerebral
blood flow, resulting in hypoxia and dysfunctional
blood-brain barrier permeability [14]. However, pri-
mary vascular pathologies also contribute to the
development of AD dementia and the two condi-
tions can be difficult to differentiate. Mixed pathology
including cerebrovascular infarcts have been identi-
fied in close to half of cases with clinically probable
AD dementia [23]. The neuropathological under-
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pinnings of (clinically diagnosed) dementia due to
presumed AD exists on a spectrum of vascular causes
to AD causes, with most showing signs of mixed
pathology [22].

In terms of other ADRD categories, the key
defining characteristic of Lewy body dementia is neu-
rodegeneration due to the abnormal accumulation
of �-synuclein [24], and frontotemporal dementia
is classified by atrophy to frontal and/or temporal
lobes with clinical changes to personality and/or lan-
guage function [25]. A more recently defined ADRD
category is primary age-related tauopathy (PART),
which shares the tau deposits and temporal lobe
neurodegeneration seen in AD, but without the A�
accumulation. PART is associated with a slower rate
of cognitive decline than AD [26]. Limbic predom-
inant age-related TDP-43 encephalopathy (LATE)
shows stereotypical TDP-43 proteinopathy, with or
without coexisting hippocampal sclerosis pathology
and is most common in people over the age of 80
[27]. Due to similarities with the clinical symptoms of
AD, 15–20% of clinically diagnosed AD cases could
be attributable to LATE [28]. Therefore, an impor-
tant consideration for studies which have not defined
dementia subtype or defined AD based on clinical
presentation alone is that some level of heterogeneity
will exist with regard to underlying pathology within
the category of ADRD. In order to consider differ-
ences in the underlying pathology, we use the term
‘AD dementia’ to refer to cases of clinically proba-
ble AD in the reviewed literature where possible, and
‘dementia’ where the studies have not specified the
underlying pathology.

THE ORAL MICROBIOME AND AD

A number of pathways contribute to neurological
disease, including the gut microbiome, which has
seen significant recent interest with respect to rele-
vance to AD and cognition [29, 30]. However, there is
a growing rationale from epidemiological and exper-
imental research which implicates the microbiome
from sites external to the gut, in particular the oral
cavity, in the pathogenesis of neurodegenerative dis-
orders [31].

The oral cavity contains distinct microbial commu-
nities including in the oral mucosa, tongue, plaque,
cheek, and gingiva, which collectively house over 700
prevalent bacteria, some 57% of which have been
formally identified [32]. In healthy individuals, these
microbes comprise mostly bacteria, with a smaller

abundance of resident fungi, archea, and viruses [32].
While saliva has no indigenous microbes, bacteria
from other oral surfaces are transferred to saliva
and its composition is dominated by Streptococcus,
Veilonella, and Prevotella [31].

As in human microbiomes of other niches, there
is relative stability in the oral microbiome of an
adult with good oral health [31]. The development
of common oral diseases, such as caries and gum
(periodontal) disease, is caused by members of the
oral microbiome and typified by dysbiosis across
the whole oral microial community [36]. Indepen-
dent of oral health state, there are changes in the
oral microbiome makeup across the life-course due
to key milestones, such as birth [32], early feeding
practices [33], the emergence of teeth, later dietary
changes, lifestyle factors including smoking [34] and
hormonal changes, such as during pregnancy [35].
These events see the gradual enrichment in diver-
sity of the oral microbiome, from a narrow diversity
ecosystem, dominated by Streptococcus, Veillonella,
and Lactobacillus species in infancy [33], to one
which has wider diversity in early adulthood, typi-
fied by an increased abundance of periodontal disease
associated taxa, such as Porphymonas, Actinomyces,
and Neisseria, in addition to Fusobacterium nuclea-
tum [34]. Advancing age in adulthood, independent
of AD, is generally associated with an increase in dys-
biosis [35] in the oral microbiome, with an increased
abundance of bacteria associated with periodontal
disease [36], in addition to fungal species, Can-
dida Albicans [37], which causes oral thrush. This
increased disease potential oral environment in older
age is driven by reduced production and quality of
saliva, which hampers the buffering capacity of the
oral environment and lessens oral microbial clearance
[36], in addition to declining nutritional quality [37],
which reduces diversity of available macronutrients
and is driven by reduced masticatory function, tooth
loss, and potentially impaired taste perception [38].

As we will describe in the following section, the
oral microbiome has important immune interactions
which are distinct from those of the gut microbiome
[39]. However, the two sites are not entirely inde-
pendent; while oral microbes are considered poor
colonizers of the intestine, there is some evidence
of microbial transfer from mouth to gut. An over-
lap of approximately half of bacterial species has
been shown in oral and gut microbiota in healthy
participants contributing to the Human Microbiome
Project and in a study of patients with liver cirrhosis
[40, 41]. Indeed, the ‘ectopic’ translocation of bacte-
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ria from oral cavity to large intestine via swallowed
saliva represents a potential mechanism for observed
links between periodontal and systemic diseases, in
addition to the more direct route of translocation
via bacteremia and systemic inflammation [42]. This
hypothesis has been supported by evidence that the
principal bacteria causing chronic periodontitis, Por-
phyromonas gingivalis (P. gingivalis) is associated
with orodigestive cancers [43]. This same bacteria has
been detected in circulating leukocytes and in aortic
tissues, where it is thought to have pro-atherogenic
effects [44].

Relevance of oral microbiome to AD

Converging evidence for the relevance of the oral
microbiome to AD comes from epidemiological,
postmortem, and pre-clinical studies. Large, well-
designed epidemiological studies have demonstrated
prospective associations between gum (periodontal)
disease and tooth loss during early adulthood and
subsequent diagnosis of AD dementia. For example,
in studies of differential AD incidence in identical
twins [45] and cohabiting nuns [46], measures of
dental health and tooth loss were some of the few
modifiable factors predicting AD onset in later life.
Clinically apparent oral disease (caries and periodon-
titis) as well as serum antibodies are more prevalent
in AD than in the healthy population [47, 48].

Postmortem studies show seven times greater load
of the oral spirochetes bacteria [49] as well as
lipopolysaccharides specific to oral bacteria P. gin-
givalis in the neural tissue of people with AD than
in healthy control tissue [50], demonstrating bacte-
rial translocation into the brain. Data from the large
NHANES-III study showed that increased abundance
of oral P. gingivalis IgG antibody was negatively
associated with short-memory and verbal recall func-
tion in older adults [51]. Data from the same cohort
found clear associations between oral health and
cognitive function across adulthood, as well as P.
gingivalis antibodies and incident AD and mortal-
ity [52, 53]. Serum antibodies for these periodontal
disease bacteria are detectable at an elevated level
in AD patients [54], while their abundance has also
been shown to predict conversion to mild cognitive
impairment and AD after a follow-up period of more
than a decade [55].

There is also a strong suggestion of interaction
between the AD process and the host microbiome
from studies of mice genetic variants bred to exhibit
an AD phenotype, which have delayed disease onset

if raised in a germ-free setting [56], though this find-
ing is not specific to microbes in the oral cavity. For
more details, see two recent, comprehensive reviews
of this literature [31, 47].

Mechanistic interface between the oral
microbiome and AD pathophysiology

The oral microbiome, in particular in association
with periodontal disease, has demonstrated relevance
to core features of AD neuropathology, including
neuroinflammation, A� deposition, neurofibrillary
tau protein, and the resulting neuronal dysfunction
and cortical atrophy. Here we outline the evidence
showing that mouth to brain interactions act on the
key mechanisms underpinning lifestyle factors in AD
across inflammatory, neurotoxic, oxidative stress, and
vascular pathways (see Fig. 1). These pathways are
not mutually exclusive, but deeply interactive, and
reflect both direct and indirect interactions between
microbes and central nervous system functioning.

Physical routes of entry enable oral microbial
transfer to the brain, including via the trigeminal
nerve, and olfactory system, to link the oral and nasal
cavities to the olfactory bulb in the brain [57]. Indeed,
reduced olfaction is one of the early symptoms of
AD [47]. The olfactory hypothesis is supported by
several replicated findings of oral spirochetes bacte-
ria in both human cerebrospinal fluid and cerebral
cortical tissue; evidence which meets Koch’s and
Hill’s postulates for causal relationships [49]. Oral to
brain translocation of microbes is also demonstrated
by high prevalence of DNA of the herpes simplex
virus type 1 in the hippocampus and temporal and
frontal brain regions in both aging and AD brain tis-
sue, reported in numerous human studies [58]. Once
in the brain, these bacteria have a neurotoxic effect,
prompting a feedback cycle of neuroinflammation
and neurodegeneration [58]. The presence of spiro-
chetes prompts cultured neuronal cells to produce
A� [59], while cultured neuronal cells exposed to
lipopolysaccharide (endotoxins found in the outer
layer of Gram-negative bacteria) produce hyperphos-
phorylated tau [60]. Indeed, A� has been posited
to have an adaptive role as an antimicrobial pep-
tide, binding to microorganisms and aggregating into
oligomers and fibrils to protect cells from infection
[61]. Collectively, the impacts of microbial translo-
cation to neural tissue are likely to cause microglial
activation, which further perpetuates proinflamma-
tory cytokine production and is known to occur in AD.
For a comprehensive review of these mechanisms, see
[31].
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Fig. 1. Conceptual framework in which the oral microbiome is a plausible causal intermediary between established lifestyle factors and
AD risk, via vascular, inflammatory/immune, neurotoxic, and glucose metabolism pathways. The weight of the connecting lines reflect the
strength of evidence linking the lifestyle factors to the oral microbiome, and we propose that oral health and hygiene warrants consideration
as an additional risk modifier.

As to the issue of how periodontitis and oral dys-
biosis is causally involved, the translocation of over
150 species of oral bacteria to the systemic circula-
tion, at least 32 species of which also cause infective
endocarditis [62], may also contribute to the cycle of
neuroinflammatory processes seen in AD. Bacteria
can also enter the bloodstream through small tears
to gingival crevices occurring during dental surgi-
cal procedures, and the regular oral hygiene practices
of brushing and flossing, particularly in the context
of periodontal disease [63]. The resulting immune
response and systemic inflammatory cascade, as indi-
cated by blood-based pro-inflammatory mediators
(including IL1�, IL-6, TNF�, and CRP) can in turn
weaken the cellular defenses of the blood-brain bar-
rier to further neurotoxic bacterial translocation [47]
and contribute to further neuroinflammatory pro-
cesses, resulting in the increase of A�, tauopathy,
and oxidative stress [64]. Evidence for increased sys-
temic inflammation following periodontitis has been
reported in multiple AD cohorts [65, 66], though
one study found a reduced inflammatory response
to severe periodontitis in AD patients compared to
healthy controls [67], suggesting that further clarifi-
cation may be required.

While associations between systemic immune
response to periodontal pathogens and AD have been
identified, a causal link in the absence of transloca-
tion of these bacteria to the brain has been difficult to
resolve. Recent research into the periodontal disease
pathogen and key oral biofilm builder, F. nuclea-
tum, has demonstrated a possible mechanistic link
between oral microbes and AD, in the absence of neu-
ronal bacterial translocation [68]. In a mouse model
of AD, the brains of mice infected with F. nucleatum
compared to controls, displayed higher expression of
TNF� and IL-1� genes, and greater amounts of tau
proteins, even in the absence of F. nucleatum in the
brain tissue. This neuronal inflammatory and neu-
rodegenerative response in the presence of an oral
F. nucleatum infection was thought to be mediated
by lipopolysaccharides (LPS) on the bacteriums cell
wall, with LPS extracted from F. nucleatum caus-
ing significant stimulation of microglia activation in
vitro. Microglial activation is a central component of
the neuroinflammatory cascade leading to cognitive
decline in AD [69].

The gut microbiome, which has demonstrated
impacts on brain function [70], may also mediate
the oral-AD associations via swallowed saliva (as
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described at the start of this section). The role of the
gut microbiome in AD is a separate active area of
investigation, with recent reports showing differences
in microbial composition in patients compared with
age-matched controls [71, 72].

There may also be shared genetic contributions to
the oral microbial environment and AD risk. While
environmental factors have been shown to have a
greater impact than genetics on the microbiome,
genetics are also likely to play a role [48, 73]. Variants
of the apolipoprotein E (APOE) and methylenete-
trahydrofolate reductase (MTHFR) gene contribute
to both AD and cardiovascular disease risk [74–76],
and have as yet undefined associations with the oral
microbiome.

MODIFIABLE LIFESTYLE FACTORS FOR
AD AND DEMENTIA: ORAL
MICROBIOME INTERACTIONS

In addition to demonstrating interfaces of the oral
microbiome with AD, the conceptual framework
shown in Fig. 1 proposes that the oral microbiome
is strongly influenced by some of the established
lifestyle factors for AD risk and is therefore a
plausible causal intermediary between these (see
Mechanistic Pathways, Fig. 1). As an understudied
aspect of the mechanisms underpinning AD lifestyle
risk factors to date, the oral microbiome may provide
an alternative or additional health promotion target.
The following section will outline cardiometabolic,
health behavioral, educational, and psychosocial risk
factors for and highlight potential interactions with
the oral microbiome.

Cardio-metabolic dementia risk factors

A number of potentially modifiable health risk fac-
tors for dementia are linked to cerebrovascular and
neurodegenerative pathologies which contribute to
dementia via vascular, inflammatory, neurotoxic, and
oxidative stress pathways [7]. Oral microbial inter-
actions along the vascular pathway to AD risk are
also compelling. Periodontal disease, which results
from alterations to the oral microbiome, has associ-
ations with cardiovascular disorders, atherosclerosis,
and diabetes [77]. These associations are thought to
be underpinned by acute and chronic inflammation
and insulin resistance which can contribute to car-
diovascular disease pathogenesis [77, 78]. A recent
study from the large Oral Infections, Glucose Intol-
erance, and Insulin Resistance Study (ORIGINS)

dataset has identified an early microbial marker of
poor cardiometabolic and periodontal health, further
supporting their shared etiology [79].

Type 2 diabetes
Type 2 diabetes mellitus (T2DM) is character-

ized by hyperglycemia, hyperinsulinemia, and insulin
resistance and may lead to a 1.5-fold increases in
the risk of developing AD [80]. T2DM-induced cere-
brovascular damage contributes to increased risk
of vascular dementia as well as mixed pathology
observed in AD [81]. Hyperglycemia can lead to
advanced protein glycation, mitochondrial dysfunc-
tion, and oxidative stress [82]. Insulin receptors are
found in the brain where insulin signaling contributes
to neuromodulatory actions including synaptoge-
nesis [83]. Insulin resistance in both T2DM and
obesity is proposed to contribute to AD neuropathol-
ogy by increasing inflammation, tau phosphorylation,
A� deposition, and impeding A� clearance [82].
Additional factors including age, education, diabetes
duration, glycemic control, and genetic predisposi-
tion may contribute to the association between T2DM
and dementia [82]. Although considered to be a late
life risk factor [6], brain functional changes linked to
T2DM have been observed during midlife [84] sug-
gesting T2DM could influence dementia risk decades
prior to AD onset.

The oral microbiome is implicated in T2DM.
Periodontal disease and the presence of periodon-
tal pathogenic bacteria are independently associated
with increased T2DM risk [85], while periodon-
tal antibiotic treatment has the off-target effects of
improving glycemic control and reduction of average
blood glucose levels (HbA1C) [86, 87]. The rela-
tionship between diabetes and periodontal disease
is likely to be bidirectional [88]. Systematic reviews
and meta-analyses have established that periodonti-
tis increases the risk of the development of diabetes
and poor diabetic outcomes [85], and that treatment
of periodontitis improves glycemic control, suggest-
ing that pathogenic oral microbes may contribute to
the pathogenesis or progression of T2DM [86, 87].
Conversely, a mouse study has shown that diabetes
is causal of pathogenic changes to the oral micro-
biota [89]. In this study, the authors used transfer
of oral microbiota to germ-free recipient mice to
demonstrate that ‘diabetic’ dysbiotic changes in oral
microbial composition are causal of increased inflam-
matory cytokine mRNA levels and periodontal bone
resorption, mediated by the inflammatory marker IL-
17. Furthermore, blocking of advanced glycosylated
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end products, produced in diabetes have been found
to reduce TNF�, matrix metalloprotineases, and pre-
diontal bone loss [90].

In humans, Long and colleagues (2017) showed
reduced abundance of several bacteria within the
Actinobacteria phylum, including genus Actino-
myces, in the oral microbiota of an incident type 2
diabetic sample, and odds ratio of 0.27 of having the
disease in people with high levels of oral Actinobac-
teria, suggesting it may have a protective effect [88].
The discrimination in the presence of genus Acti-
nomyces was particularly clear, with 100% presence
in diabetes cases and <3% of non-diabetic obese of
healthy weight controls. Of course, there are other
common risk factors to these non-communicable dis-
eases including smoking and obesity and these may
also implicate the oral microbiome [77, 88]. Find-
ings from the ORIGINS indicated that amongst 300
adults free from T2DM, higher abundance of oral
nitrate-reducing bacteria was associated with lower
insulin resistance, plasma glucose, and systolic blood
pressure in those without hypertension [91]. This
work indicates that oral nitrate-reducing bacteria may
contribute to regulation of insulin resistance, a mech-
anism relevant to T2DM and other cardiometabolic
risk factors for dementia. To date, no studies have
attempted to link impaired glucose regulation/T2DM,
in combination with periodontitis, to increased risk
of AD. More research is required to tease apart the
causal directions of these relationships.

Hypertension
T2DM during midlife has a number of overlap-

ping mechanisms with hypertension and obesity (e.g.,
see [82] for comprehensive review). Hypertension is
not only a leading risk factor for atherosclerosis and
stroke, hypertension during midlife also accounts for
approximately 5% of dementia cases worldwide [92].
Leading to alterations of crucial regulatory compo-
nents of the cerebral circulation including endothelial
dysfunction, hypertension contributes to impairments
to blood-brain barrier permeability, cerebrovascular
reactivity, and blood flow autoregulation and to neu-
ral activation [93]. Hypertension causes damage to
neural tissue in the form of microbleeds and macrob-
leeds leading to small vessel disease, which in turn is
responsible for brain lesions and damage to the white
matter [93]. Furthermore, hypertension increases A�
deposition and potentially impairs the vascular clear-
ance of A� [93].

Hypertension can be influenced by oral health.
Results from the 2009–2014 National Health and

Nutrition Examination Survey (NHANES) indicated
that among adults using antihypertensive medication,
periodontal disease is related to poorer systolic blood
pressure control and higher risk of unsuccessful anti-
hypertensive treatment [94]. While the underlying
mechanisms are unclear, there is evidence indicating
a role for endothelial dysfunction and nitric oxide
deficiency in hypertension [95]. This is of relevance
to the oral microbiome as nitrate is reduced to nitric
oxide through an enterosalivary nitrate-nitrite nitric
oxide pathway involving facultative anaerobic bac-
teria located in the oral cavity [96]. One hypothesis
is that disruptions to this pathway, resulting in low
nitric oxide availability, may occur due to diet, use of
antibacterial mouthwash or presence of nitrate reduc-
ing bacteria such as Veillonella spp. [96]. Although a
role of NO is established in the control of cerebrovas-
cular reactivity, which may be a contributing factor to
the development of AD and vascular dementia [93],
no research has explicitly examined the links between
the enterosalivary nitrate-nitrite nitric oxide pathway,
hypertension, and subsequent risk of dementia.

Obesity
Obesity during midlife may further account for

2% of cases of dementia [92]; both overweight and
obesity during midlife increase dementia risk [97].
A higher body mass index during midlife has been
linked to an increased risk of dementia later in life,
however lower weight tends to precede dementia in
old age [98]. The impact of obesity may be due
to both vascular diseases and metabolic alterations
including insulin resistance and hyperinsulinemia
[99]. Non-vascular pathways include chronic low-
grade systemic inflammation, partially mediated by
production of pro-inflammatory adipokines includ-
ing interleukin 1 and interleukin 6 [100]. Leptin is
secreted by adipose tissue and regulates food intake
[100]. In late life higher circulating levels of lep-
tin have been associated with reduced incidence of
dementia [101, 102].

Obesity has a complex relationship with oral
microbes and oral health. While there is no clear
evidence for a positive association between caries
and obesity [103], an association between worsening
periodontal health and obesity has been identi-
fied, attributed to the chronic inflammatory state
in periodontitis [104]. However, studies of the oral
microbiome in obesity have to date not found an
enrichment of periodontal disease associated species.
Instead, obesity has been found to be associated with
decreased levels of probiotic bacteria, such as Bifi-
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dobacterium longum in adults [11] and increased
levels of Veillonella, Hameophillus, and Prevotella
species in adolescents [105]. Aside from the link
between periodontal disease and obesity, variation in
the oral microbiome between individuals with obe-
sity compared to those with normal weight has been
linked to gut microbiome changes [106]. The possible
causes of these associations include via inflammatory
pathways, insulin resistance as a consequence of a
chronic inflammatory state and (in the case of the gut
microbiome), the extraction of energy from dietary
intake [107]. Obesity, hypertension, and T2DM may
have overlapping contributions to dementia risk via
these routes, along with altered circulation due to
endothelial dysfunction. Further research is needed
to ascertain whether oral health, including presence
of periodontitis and subsequent changes to the oral
microbiome, are factors which contribute to increased
dementia risk in these conditions.

Health behavioral risk factors

Smoking
Cigarette smoking is associated with an increased

incidence of vascular risk factors for dementia includ-
ing cardiovascular and cerebrovascular diseases [21].
Constituents of tobacco smoke are toxic to the brain,
cardiovascular system, and lungs. Heavy smoking
during midlife is linked to higher rates of AD and
vascular dementia later in life [108]. Smoking causes
damage to the endothelium, leading to atheroscle-
rosis, white matter hyperintensities, and subcortical
atrophy [19]. Cigarette smoke increases oxidative
stress and reduces circulating concentrations of anti-
oxidants [19]. Smoking induced oxidative stress
contributes to glutamate toxicity, and heavy metals
found in cigarette smoke contribute to A� aggrega-
tion [19, 109].

Smoking also changes the composition and pre-
dicted functions of the oral microbiome, with lower
relative abundance of several taxa in the Pro-
teobacteria phylum and genera Captnocytophaga
Peptostreptococcus, and Leptotrichia observed in
older adults who smoke [110]. These changes
withstood adjustment for age and sex and were
not observed in former smokers, suggesting that
they may not be permanent. Inferred functional
metagenomic analysis indicated that these depleted
taxa corresponded to decreased aerobic respi-
ration (Tricarboxylic Acid Cycle and oxidative
phosphorylation) and increased anaerobic respira-
tion (glycolysis, fructose, galactose, and sucrose

metabolism) to enable oxygen independent carbo-
hydrate metabolism [110]. A recent large study
comparing smokers and nonsmokers in China also
reported a number of compositional differences
in smokers, with acid-production and amino-acid
related pathways affected in functional analyses
[111]. Smoking has been shown to increase risk of
caries and periodontal disease [112, 113], both of
which may relate to the observed changes to micro-
bial composition. Exploring whether an altered oral
microbiome, due to smoking, contributes to dementia
risk is an important avenue for future research.

Physical activity
Low levels of physical activity have been asso-

ciated with increased dementia risk [114]. It is
estimated that approximately 13% of AD cases
worldwide are attributed to physical inactivity [92].
Physical activity is a key determinant of the cardio-
metabolic risk factors which are most relevant to
AD risk during midlife [92]. Relevant mechanisms
of adequate physical activity include benefits to vas-
cular function by improving endothelial reactivity,
insulin regulation, as well as reducing central arte-
rial stiffness and chronic inflammation [115]. Direct
effects on brain structure and function are considered
to be mediated by pathways relevant to neurogene-
sis and neural plasticity [116]. In terms of potential
attenuation of neurotoxicity, greater engagement in
physical activity has been associated with lower brain
and plasma levels of A� [117]. Level of engage-
ment in physical activity may be most relevant to
AD risk during midlife. For instance physical activ-
ity declines in the years preceding dementia diagnosis
and over a longer term, neurodegeneration may con-
tribute to behavioral alterations impacting physical
activity engagement [118].

Nitrate-reducing activity of the oral microbiome
is positively associated with cardiovascular fitness
and reduction in blood pressure following exercise in
healthy individuals [119, 120]. Decreased oral nitrate
production may reflect reduced activity of some
200 oral microbes known to have nitrate reductase
genes, rather than their abundance [121]. Exercise
may impact the oral microbiome via a number of
possible mechanisms [122, 123]. These include tran-
sient changes to salivary pH, lactate concentration
in saliva, which change the environment and energy
sources respectively for supporting the survival of
oral microbes. There are also systemic changes to
physiology which may result in oral microbial alter-
ations: increased body temperature and changed
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blood flow distribution; anti-inflammatory myokines
such as IL-6. Given that physical activity is proposed
to influence dementia risk via multiple pathways
[115], further work is required to uncover whether
additional mechanisms, elicited by oral microbe
changes, contribute to dementia risk.

Diet, alcohol, and sleep
Diet and sleep are additional important risk factors

for dementia [1], although they are not yet consid-
ered in formal risk factor models or projections [92,
124]. Several dietary patterns have been associated
with lower risk of AD including the Mediterranean
diet, and the MIND diet which is a hybrid of the
Mediterranean diet and the Dietary Approaches to
Stop Hypertension diet [125]. The Mediterranean
diet is primarily plant-based, and includes fermented
dairy, fish, and small quantities of meat. Extra virgin
olive oil is the main source of fat. Adherence to this
dietary pattern has been consistently associated with
better cognitive function and lower dementia risk,
outside the Mediterranean region [96, 114, 126]. A
high quality diet rich in B vitamins, omega 3 fatty
acids, and flavonoids is considered to exert benefits
to brain health via cerebrovascular and cardiovascu-
lar health, as well as direct effects on brain structural
and functional integrity [127].

The impact of diet quality on the oral microbiome
has not been comprehensively studied, though there
is a well-established dental literature regarding the
contribution of sugar-rich foods and beverages on the
formation of biofilms, acidogenicity, caries, and gin-
givitis [128]. Excess sugar intake has been found to
alter the predicted function of the oral microbiome
to a more caries-like state, displaying a decreased
potential for aerobic respiration, and increase in path-
ways for starch and sucrose metabolism, in addition
to hydrolysis of glycosidic bonds [129]. Aside from
sugar, bioactive food components such as polyphe-
nols can also affect the oral microbiome via their
antimicrobial and antibacterial properties. Clinical
studies have demonstrated reduction in growth of
Streptococci and P. gingivalis from pomegranate
juice as mouth rinse and curcumin gel inserted into
periodontal pockets oral products respectively, in
people with periodontitis [130, 131]. Meanwhile in
vitro studies using biofilm models of oral microbes
present in supragingival plaque have demonstrated
antimicrobial effects of red wine and dealcoholized
wine on F. nucleatum and S. oralis [132], A. acti-
nomycetemcomitans, and P. gingivalis [133]. The
antiadhesive effects of wine extracts have also been

demonstrated in vitro models [134]. While the antimi-
crobial effects of polyphenols on oral microbes are
promising, clinical trials are needed to determine
whether they have any corresponding effects on cog-
nitive and other symptoms of AD.

In addition to the direct effects of single foods
and their components, investigations of diet-types
have revealed that a Western-style diet, high in
refined carbohydrates predisposes the oral micro-
biome to a caries-promoting state in humans [135],
and increases the likelihood of periodontal disease
in companion animals [136]. In a small study of 49
people with overweight or obesity, an eight-week
Mediterranean diet intervention, compared to usual
diet, led to a changes in oral microbial composition
[137]. Specifically, there was a decrease in relative
abundance of operational taxonomic units assigned to
genus Subdoligranulum and species Porphyromonas
gingivalis, Prevotella intermedia, and Treponema
denticola, which have been linked to periodontal dis-
ease. Interestingly, the influence of diet on the oral
microbiome may be bidirectional, with the composi-
tion of the oral microbiome found to influence taste
preference and eating habits [138].

Although the guidelines to limit alcohol vary
across countries, it is typically recommended that
alcohol intake does not exceed 8–14 units per week.
Some studies have reported that low to moderate alco-
hol consumption may be a protective factor against
dementia risk [139, 140], while the evidence sug-
gests that drinking more than 21 units per week
could increase dementia risk by 17%, compared to
consuming less than 14 units [141]. Binge drinking
can result in oral microbiome dysbiosis, increasing
Porphyromonus spp and Neisseria spp, the two taxa
proposed to overlap between binge drinkers’ oral
microbiome and the microbiome in AD [142]. It has
been hypothesized that high levels of ethanol in binge
drinkers cause a shift in the microbiome, that leads
to permeability changes in the blood-brain barrier,
leading to alterations in multiple signaling pathways
which could contribute to the pathogenesis of AD
[142]. Alcohol may also impact pathways relevant
to other aspects of oral health, with a study of over
35,000 adults from France indicating that greater
alcohol intake increased the risk of self-reported
severe periodontitis, with smoking found to further
exacerbate this risk [143]. Interactions between alco-
hol and other health behavioral risk factors such as
diet may be important to consider, especially given
low alcohol intake is included in the Mediterranean
diet.
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An emerging literature also points to a role of sleep,
with disordered REM sleep [144] and sleep apnea
[145] associated with dementia risk. However, ran-
domized controlled trials are still required to ascertain
the impact of sleep interventions on cognitive and
dementia incidence outcomes. The human micro-
biome seems to be affected by host sleep-wake cycles,
with no clear evidence of the inverse. The compo-
sition of the gut microbiota fluctuate on the basis
of circadian rhythms in the host, as demonstrated
by microbial transfer studies from jetlagged individ-
uals into wild-type and circadian rhythm disabled
rodents [146]. IL-6, a cytokine with known effects
on sleep, may underpin these associations [147]. The
oral microbiome is altered in sleep disorders such
as insomnia and obstructive sleep apnea [148, 149];
however, whether sleep is affected by the oral micro-
biome remains an open question. More research is
required to understand how oral health interacts with
diet and sleep and how these relationships may in turn
influence risk of dementia.

Education and psychosocial factors

A low level of early life education has been asso-
ciated with increased risk of dementia [1], and this
effect has been shown to be independent of socio-
economic status [150]. Engagement in cognitively
stimulating activities from a range of sources may
also modify risk across the lifespan [6]. For instance,
lower all cause and AD dementia risk is associated
with greater complexity of the primary lifetime occu-
pation [151]. The cognitive reserve model attributes
these findings to the flexibility and adaptability of
both brain and cognitive networks, enabling resis-
tance of an individual to the clinical manifestation of
observable brain damage [152]. With respect to oral
health relevance, systematic reviews have supported
the intuition that socioeconomic factors such as edu-
cation and income level are relevant to oral health,
likely via access to dentistry and propensity for oral
hygiene practices [153, 154].

Other relevant psychosocial factors include depres-
sion and social isolation, two chronic psychological
stressors that increase the risk of dementia and
AD [1, 7]. Recent meta-analysis shows a small
but statistically significant contribution of social
engagement and social network size to preventing
cognitive decline in later life [155]. Common neu-
robiological pathways between psychological stress
and dementia are numerous, including bidirectional
risks with vascular health and disease, impaired

hypothalamic-pituitary-axis feedback mechanisms,
increased susceptibility to inflammation, glucocor-
ticoid steroid levels, A� deposition, brain atrophy,
and nerve growth factor and neurotrophin alterations
[156, 157]. Late life depression can also reflect a
potential prodromal symptom of dementia [158],
therefore life stage may be an important considera-
tion regarding the influence of depression on AD risk.
Data from the two waves of the large NHANES study
(n = 10,214) shows oral disease and mental illness
co-occur in a dose-dependent manner, even when
controlling for covariates such as body mass index
and C-reactive protein [159]. Emerging findings from
a smaller study in a sample of at-risk young peo-
ple show oral microbiota composition differences on
the basis of anxiety and depressive symptom severity,
suggesting that the microbiome may contribute to the
observed associations between oral and mental health
[160]. One of the most compelling findings reported
in this study was the association between Treponema
species, which are associated with periodontal dis-
ease, and both anxiety and depressive symptoms; with
taxa from this same genus demonstrating a causal role
in AD pathology [49].

Oral health and hygiene
The accumulating evidence regarding the rele-

vance of oral health to neurological dys/function, and
the eminently preventable nature of the most common
oral diseases together provide a strong rationale for
its inclusion as a modifiable lifestyle factor in demen-
tia prevention. While direct evidence of mechanisms
from oral microbes to the pathophysiology of AD is
still emerging, there is sufficient indication of oral
disease as a risk factor for cardiometabolic health, a
dementia risk factor in its own right.

There remain non-microbial and bidirectional
explanations for associations between oral and cog-
nitive health in older age. For example, saliva
production decreases in normal aging and as a side-
effect of common medications [161], with flow-on
effects to oral microbiome composition and propen-
sity for caries [162]. The onset of cognitive decline
may also correspond to changes in dietary intake via
altered food choice and reduced capacity for food
preparation, oral function (e.g., mastication), and oral
hygiene practices [163–165]. There is pre-clinical
and human evidence to suggest that the reduction
of mastication behaviors and jaw mobility may pre-
dispose to hippocampal neuronal loss and cognitive
deficits [166]. Despite these considerations, it is noted
that the relevance of oral health in healthy middle
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age does support the temporal causality of oral-brain
associations, even if reverse causality considerations
emerge in older age. Longitudinal studies, ideally
beginning early in life to capture potentially relevant
developmental exposures, will be needed in order to
determine whether oral health and microbiome fea-
tures drive progression of pathology in dementia.

UNANSWERED QUESTIONS AND
FUTURE RESEARCH DIRECTIONS

A number of questions remain in order to under-
stand the roles of the oral microbiome in AD,
particularly with respect to establishing causality and
mechanisms of action. Treponema, spirochaetes, and
P. gingivalis are emerging as relevant oral microbial
players to AD pathophysiology; however, identifica-
tion of these to species and strain level is required
for translation to useful interventions. Further, under-
standing the functions by which these and other
bacteria may affect neurodegenerative processes will
be essential to mapping the mechanistic pathways to
target.

The role of environmental influences such as air
pollution on the oral microbiome and dementia risk
is emerging as an important area of enquiry [6].
Air pollution may impact dementia risk through the
development of cardiovascular disease [167]. Expo-
sure to air pollution has been implicated in the
development of mouth cancer [168] and has been
associated with heightened inflammation in the pres-
ence of periodontitis [169]. It may therefore be the
case that environmental pollutants also affect demen-
tia risk via their impacts on the oral microbiome.

Understanding mechanistic pathways between the
oral microbiome and AD/ADRD pathology is an
essential next step. As a part of this, the timing
of any microbial contributions to the disease pro-
cess must be delineated. Given the presence of AD
pathophysiology decades prior to symptom onset, it
is likely that any contribution from oral microbes
would also occur pre-symptomatically. Could micro-
bial exposures in childhood affect risk trajectory, as
per the developmental origins of health and disease
hypothesis, demonstrated for a vast array of non-
communicable diseases [170]? Could the progression
of disease be prevented or slowed even in later life via
the management of lifestyle risk factors including oral
hygiene?

It is currently unclear whether alterations to the
oral microbiome may contribute to AD pathology

by exacerbating modifiable dementia risk factors, or
whether there is an additive role where the pres-
ence of both dementia risk factors and altered oral
microbes intensify or accelerate pathology. More
research is needed to understand the interaction
between dementia risk factors and the oral micro-
biome. This is especially true for risk factors such
as head injury and hearing loss, for which there is
very limited research into a potential role of the oral
microbiome in AD pathogenesis. The next logical
questions therefore include: how might knowledge
about the oral microbiome be used to reduce AD
risk? Might this be possible directly, such as via
mouth-directed psychobiotic treatments, or indirectly
via modifiable determinants of problematic or dys-
functional oral microbes? Lifestyle risk factors are
magnified for APOE4 carriers [171]; might the effi-
cacy of oral interventions also differ by baseline
genetic risk? Alternatively, data regarding the oral
microbiome may be combined with demographic
and lifestyle factors to improve predictive accuracy
regarding future AD risk. To date, only four demen-
tia prediction tools have been developed for adults
in middle-age, with the remainder tested in late life,
amnestic mild cognitive impairment, and diabetes,
with area under the curve ranging from 0.7–0.8
[172]. Prediction accuracy and utility is likely to be
enhanced when incorporating genetics, microbiome,
and multiple established risk factors–not any one
of these domains alone. A computational approach
to demonstrate pathways between gut microbial
metabolites (TMAO) and AD biomarkers [173] pro-
vides a useful proof of concept for an integrated data
approach.

Answering these questions will require evidence
from several study designs: longitudinal cohort stud-
ies with serial measurement of the oral microbiome,
deep phenotyping of AD biomarkers such as sensi-
tive measures of cognitive function, and all relevant
potentially confounding factors; in vitro and in vivo
mechanistic studies and pre-clinical and clinical tri-
als. Clearly, the research methods and perspectives
from collaboration from interdisciplinary groups will
be required.

Translational potential

The translational potential is significant. There is
already sufficient evidence to recommend universal
oral healthcare, a sensible and feasible public health
initiative endorsed by the World Health Assembly
Resolution in 2021 [174]. A recent review of eight
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high-income jurisdictions worldwide revealed a wide
range of dental health coverage, with most provid-
ing universal coverage for only basic services on the
basis of strict eligibility criteria [175]. Such limita-
tions in the provision of care are often associated
with a lack of preventative intervention which is
likely to be essential for lifelong maintenance of good
oral health and the prevention of cardiometabolic
and neurological sequelae of oral infection [175].
A 24-week oral health care intervention in people
with mild AD showed small but significant positive
effects on cognition and daily functioning measures,
and changed the composition of the oral microbiome,
though we note that the intervention included a num-
ber of components relating to broader aspects of
lifestyle such as diet, exercise, and cognitively stim-
ulating activity [176]. A quasi-experimental study of
patients treated for periodontitis showed favorable
effects on AD-related brain imaging after a mean
follow-up period of 7 years [177]. Despite compelling
observational evidence to suggest the beneficial role
of non-steroidal anti-inflammatory drugs, interven-
tions targeting systemic inflammation in this way
have been less successful. The follow-up study of
the Alzheimer’s Disease Anti-inflammatory Preven-
tion Trial (ADAPT), which was halted after 3 years
of enrolment due to cardiovascular safety concerns,
showed no AD preventative effect of non-steroidal
anti-inflammatory drugs celecoxib or naproxen in
adults with a family history of dementia [178]. A large
Australian randomized controlled trial of aspirin of
almost 20,000 participants found no evidence of
reduced risk of cognitive decline in the intervention
group [179]. Inflammation on its own may therefore
not be a straightforwardly effective target, and there
may be other mechanisms underpinning the associa-
tions between oral health and AD risk.

The additional benefits of dental care and
lifestyle-based public health interventions in their
potential to reduce the risk of dementia and other
non-communicable diseases may provide further
motivation to various stakeholders for their inclusion
in the broader healthcare landscape. For example,
economic analysis of the benefits of oral health inter-
ventions to the socioeconomic burden of dementia
may be requisite for the business case to broaden
public dental health services. Oral health promo-
tion messaging may be more effective when the
salient topi of brain health and aging is included.
And individuals may be more motivated to make
lasting lifestyle changes when an additional bene-
fit of supporting the oral-brain connection is clear,

in a similar way that the gut microbiome has pro-
vided an alternative motive for diet improvement
[180], quite apart from the stigmatizing (and difficult)
goal of weight-loss or control of metabolic health
markers [181].

Future research may also inform more specific
microbial interventions to enhance the efficacy of
broad preventative and public health efforts, and
possible individualization of targeted therapeutics
beyond improvements in dental health outcomes.
With respect to oral interventions targeting those at
increased risk of AD, or with an existing diagnosis,
different approaches may be required for different
stages of the disease process. Further examples of
potential novel interventions directed at the oral-brain
axis may include probiotic supplements with the goal
of decreasing oral inflammation and antibiotics for
specific pathogens found to be relevant, in line with a
growing literature regarding the effectiveness of gut-
directed probiotic interventions for AD [182]. While
novel therapies targeting the oral microbiome such
as gingipain inhibitors, phototherapy, and targeted
probiotic and prebiotic treatments have theoretical
promise, they are yet to be tested [183]. Oral micro-
biome transplant has also been proposed [184] but no
outcomes have been demonstrated to date. Risks of
these novel approaches, in particular ‘whole of micro-
biome’ strategies such as microbial transplant, are
that it is largely a black box. As for fecal microbiome
transplants, increasingly trialed for a range of phys-
ical and mental conditions [185], the mechanisms
of action remain unclear, and potential side-effects
are prompting increased governance around donor
screening protocols [186, 187].

CONCLUSION

There is a growing burden of AD/ARD on society,
especially in low to middle income countries where
population ageing is taking place. While mechanisms
remain unknown, periodontitis and changes to the
oral microbiome have been associated with a range
of modifiable cardiometabolic, health and psychoso-
cial dementia risk factors. Oral microbes including
Treponema, spirochaetes, and P. gingivalis require
further investigation as potential targets for interven-
tion. Although the interactions between oral health,
dementia risk factors and neuropathology are likely to
be complex, uncovering these pathways may lead to
new understanding of disease and preventative treat-
ments.
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[132] Muñoz-González I, Thurnheer T, Bartolome B, Moreno-
Arribas MV (2014) Red wine and oenological extracts
display antimicrobial effects in an oral bacteria biofilm
model. J Agric Food Chem 62, 4731-4737.

[133] Sánchez MC, Ribeiro-Vidal H, Esteban-Fernández A,
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[150] Karp A, Kåreholt I, Qiu C, Bellander T, Winblad B,
Fratiglioni L (2004) Relation of education and occupation-
based socioeconomic status to incident Alzheimer’s
disease. Am J Epidemiol 159, 175-183.

[151] Andel R, Crowe M, Pedersen NL, Mortimer J, Crimmins
E, Johansson B, Gatz M (2005) Complexity of work and
risk of Alzheimer’s disease: A population-based study of
Swedish twins. J Gerontol B Psychol Sci Soc Sci 60, P251-
P258.

[152] Stern Y, Barnes CA, Grady C, Jones RN, Raz N (2019)
Brain reserve, cognitive reserve, compensation, and main-
tenance: Operationalization, validity, and mechanisms of
cognitive resilience. Neurobiol Aging 83, 124-129.

[153] Seerig LM, Nascimento GG, Peres MA, Horta BL,
Demarco FF (2015) Tooth loss in adults and income: Sys-
tematic review and meta-analysis. J Dent 43, 1051-1059.

[154] Costa SM, Martins CC, Bonfim MdLC, Zina LG, Paiva
SM, Pordeus IA, Abreu MHNG (2012) A systematic
review of socioeconomic indicators and dental caries in
adults. Int J Environ Res Public Health 9, 3540-3574.

[155] Evans IEM, Martyr A, Collins R, Brayne C, Clare L (2019)
Social isolation and cognitive function in later life: A sys-
tematic review and meta-analysis. J Alzheimers Dis 70,
S119-S144.

[156] Byers AL, Yaffe K (2011) Depression and risk of devel-
oping dementia. Nat Rev Neurol 7, 323-331.

[157] Friedler B, Crapser J, McCullough L (2015) One is the
deadliest number: The detrimental effects of social iso-
lation on cerebrovascular diseases and cognition. Acta
Neuropathol 129, 493-509.

[158] Singh-Manoux A, Dugravot A, Fournier A, Abell J,
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