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Frailty is a critical intermediate status of the aging process with a multidimensional and
multisystem nature and at higher risk for adverse health-related outcomes, including

falls, disability, hospitalizations, institutionalization, mortality, dementia, and Alzheimer’s
disease. Among different frailty phenotypes, oral frailty has been recently suggested

as a novel construct defined as a decrease in oral function with a coexisting decline in
cognitive and physical functions. We briefly reviewed existing evidence on operational
definitions of oral frailty, assessment and screening tools, and possible relationships
among oral frailty, oral microbiota, and Alzheimer’s disease neurodegeneration. Several
underlying mechanism may explain the oral health-frailty links including undernutrition,
sarcopenia linked to both poor nutrition and frailty, psychosocial factors, and the chronic
inflammation typical of oral disease. Oral microbiota may influence Alzheimer’s disease
risk through circulatory or neural access to the brain and the interplay with periodontal
disease, often causing tooth loss also linked to an increased Alzheimer’s disease risk. On
this bases, COR388, a bacterial protease inhibitor targeting Porphyromonas gingivalis
implicated in periodontal disease, is now being tested in a double-blind, placebo-
controlled Phase II/11l study in mild-to-moderate Alzheimer’s disease. Therefore, oral status
may be an important contributor to general health, including Alzheimer’s disease and late-
life cognitive disorders, suggesting the central role of preventive strategies targeting the
novel oral frailty phenotype and including maintenance and improvement of oral function
and nutritional status to reduce the burden of both oral dysfunction and frailty.
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Introduction

In older age, a series of age-associated and subclinical
conditions together with the development of stressors
(i.e., chronic diseases, psychosocial burden, injuries) may
worsen functional physiological decline of several systems,
resulting in a homeostatic imbalance or frailty (Hoogendijk
et al., 2019). In the aging process, frailty appears to be a
critical intermediate condition at higher risk for several
adverse health-related outcomes, including, disability, falls,
hospitalization, institutionalization, all-cause mortality, and
dementia. Frailty may be a unidimensional entity defined
within a physical/biological dimension, or a non-specific
multidimensional construct defined within different and
interrelated domains (Hoogendijk et al., 2019; Lozupone
and Panza, 2020). Multidimensional frailty may be identified
by a deficit accumulation model to better define the
multidimensional and multisystem nature of this condition,
incorporating several candidate factors ranging from chronic
disease, symptoms, and signs to abnormal laboratory values.

These factors can be combined and divided by the total
number of deficits yielding the so-called frailty indexes.
However, after two decades of clinical research on frailty,
no universally accepted operational definition, assessment
tool, reference standard, clinical criteria or biological markers
have been established, and extensive international efforts are
underway to identify the best approach to the measurement
of this condition. Notwithstanding this lack of a universal
consensus, given its largely recognized multidimensional and
multisystem nature, frailty may involve a series of domains, i.e.,
physical, cognitive, social, psychological/depressive, sensorial,
and nutritional phenotypes that should be considered in its
definition, prevention, and management (Panza et al., 2018).
Five easily measurable physical components (i.e. involuntary
weight loss, exhaustion, low grip strength, slow gait speed,
and low physical activity) constitute the operational definition
of the physical frailty unidimensional model, often associated
to an increased risk of cognitive impairment/decline in older
age, mild cognitive impairment, Alzheimer’s disease (AD)/AD
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neuropathology, non-AD dementias, and vascular dementia
(Panza et al., 2018). Furthermore, in hospital- and population-
based studies, different frailty indexes were also associated
with the increased risk of developing cognitive impairment/
decline in older age, all-cause dementia, and AD (Panza
et al., 2018). Among these different frailty phenotypes, a
novel construct has recently been suggested, i.e., oral frailty,
defined as a decrease in oral function with a coexisting decline
in cognitive and physical functions, that should be considered
as a geriatric syndrome and routinely screened for in older
age (Morley, 2020). In the present article, we briefly reviewed
existing evidence on operational definitions of oral frailty
and suggested assessment and screening tools for this novel
construct. We also described possible relationships among
oral frailty, oral microbiota, and AD neurodegeneration with
some implications for the prevention and management of the
oral frailty-AD interplay.

Search Strategy and Selection Criteria

We performed separate searches in the US National Library of
Medicine (PubMed), Medical Literature Analysis and Retrieval
System Online (MEDLINE), EMBASE, Scopus, Ovid, and Google
Scholar databases to find original studies from the inception to
October 10, 2020, picking the following terms to identify the
risk exposure (poor oral health indicator(s) OR oral microbiota
OR periodontal disease OR oral healthcare AND frailty OR
frailty phenotype) combined with terms to determine the
outcomes of interest [cognitive AND (impairment OR decline
OR disorders) OR neurodegeneration OR Alzheimer’s disease
OR dementia OR mild cognitive impairment OR preclinical
Alzheimer’s disease OR prodromal Alzheimer’s disease]. There
were no language restrictions on the search.

Oral Frailty: from Sarcopenia to Nutritional
Frailty

The causes of frailty as a general concept are multifactorial
and the changes in health status in older age may lead to
increased dependency. In the present section, we examined
postulated mechanisms through which poor oral health may
lead to frailty. In older age, poor oral health is a condition
highly prevalent (Murray Thomson, 2014). Furthermore, oral
health problems have been associated with chronic diseases,
multimorbidity (> 1 chronic disease), and physical dysfunction
in older age (Toérres et al., 2015). A positive association
between frailty and poor oral health, in particular with a
low number of natural teeth and impaired oral function, has
been suggested by recent systematic reviews (Torres et al.,
2015; Hakeem et al., 2019). On these epidemiological bases,
in 2013, the new concept of oral frailty was introduced in
Japan as a decrease in oral function (Watanabe et al., 2020).
In particular, in 2020, the Japan Dental Association defined
oral frailty as a series of phenomena and processes that lead
to age-associated changes in various oral conditions (number
of remaining teeth, oral hygiene, oral dysfunction, etc.) and
coexisting decreased interest in oral health and reduced
physical and mental reserve capacity (Watanabe et al.,
2020). Therefore, an oral frailty increase may lead to eating
dysfunction with consequently a deterioration of physical and
cognitive functions (Watanabe et al., 2020).

Another possible definition of oral frailty was that
encompassing difficulty in chewing associated with age-
related changes in swallowing (presbyphagia) (Wakabayashi,
2014; Morley, 2020). In fact, in older age, presbyphagia
refers to age-related changes in swallowing associated with a
frailty status (Wakabayashi, 2014), with other physical frailty
biomarkers, in particular sarcopenia, predicting early cognitive
decline and oral frailty. Sarcopenia is a progressive, generalized
disorder of skeletal muscles involving the combination of
loss of muscle mass and loss of muscle function as well as
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muscle performance (Cruz-Jentoft and Sayer, 2019). Older
sarcopenic people commonly showed also swallowing
disorders (Kuroda and Kuroda, 2012). Recently, a consensus
paper on the diagnosis of sarcopenia-related dysphagia from
four Japanese scientific associations proposed the definition
of sarcopenic dysphagia as caused by sarcopenia of the
whole body and swallowing-related muscles (Fujishima et
al., 2019). In a person with dysphagia, these criteria required
generalized sarcopenia and a decline in oropharyngeal muscle
mass, excluding other causes for sarcopenia. However, in
the sarcopenic dysphagia definition, aging and secondary
sarcopenia after inactivity, malnutrition, and disease (wasting
disorder and cachexia) may be included (Fujishima et al.,
2019). Moreover, decreased tongue pressure, a common
condition in older age, was also associated with poor nutrition
and sarcopenia-related dysphagia (Maeda and Akagi, 2015).

Frailty and different oral health conditions could be linked
through a series of underlying mechanisms, including
nutritional (dentition impact on the nutritional status),
biological (association with chronic inflammation), and
psychological (oral health impact on self-esteem and
depression) pathways. Nutrition appears to be a central
element in most frailty concepts, with total energy and protein
intakes as major determinants of nutritional status. In older
age, undernutrition, given its association with multimorbidity
and all-cause mortality, is the main cause for concern rather
than overnutrition. Moreover, a physiological decrease in
appetite and food intake, leading to unintentional weight loss,
is a frequent finding in older people (Zupo et al., 2020). A
recent systematic review examining longitudinal studies that
investigated the relationship between oral health and frailty
development suggested that undernutrition was significantly
related with frailty, associated to fewer functional teeth,
decreased bite force, and dry mouth (Hakeem et al., 2019).
Therefore, undernutrition and sarcopenia could be ascribed
in a recently suggested frailty phenotype, i.e., nutritional
frailty (Zupo et al., 2020). This frailty phenotype was firstly
defined as a sudden and significant sarcopenia or an essential
loss of physiologic reserves leading vulnerable older people
to disability. However, at present, no operational definition
has been proposed for the nutritional frailty phenotype. A
consensus on phenotypic and etiologic criteria to be included
in a possible operational definition of nutritional frailty
could be reached exploring the nutritional domains/items
of different frailty tools (Zupo et al., 2020). Poor oral health
and oral frailty may be both predictors and markers for the
wider construct of nutritional frailty. However, in a very recent
Japanese population-based study, self-assessed oral function
and the number of teeth were not related with nutritional
intakes, while two oral health items such as brushing teeth
at least twice a day and regular attendance of dental clinic
were significantly and positively associated with nutritional
intakes (Nomura et al., 2020). These findings may suggest
that a recovery of oral functions by prosthodontic treatment
could not modify the nutritional status, while nutritional
instructions plus prosthodontic treatment may be effective
in improving nutritional status in older age. Furthermore,
sarcopenia could negatively modify the prognosis of many
chronic diseases, including AD, given the existing link between
sarcopenia-related declines and cognition (Panza et al.,
2018). Sarcopenia could share a bidirectional relationship
with cognition producing muscle dysfunction, slow gait, and
cognitive dysfunction. In older age, these links suggested
the coexistence of both cognitive and motor dysfunctions
characterizing the proposed conditions of motoric cognitive
risk syndrome, defined by slow gait plus cognitive complaints,
and cognitive frailty, characterized by coexisting physical
frailty and mild cognitive impairment (Panza et al., 2018).
In short, several underlying mechanism may explain the
oral health-frailty links including undernutrition due to an
inability to consume a healthy diet, sarcopenia linked to both
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poor nutrition and frailty, psychosocial factors such as lack
of self esteem and decreased quality of life, and the chronic
inflammation typical of oral disease.

Oral Frailty: Operational Definitions and

Screenings Tools

In the present section, we briefly reviewed existing evidence
on operational definitions of oral frailty and suggested
assessment and screening tools for this novel construct. At
present, no universally accepted indexes or tools designed to
evaluate the presence and severity of oral and maxillofacial
frailty exist. Screening tools for oral frailty may include the
D-E-N-T-A-L Questionnaire (Bush et al., 1996), based on a
list of oral frailty components (dry mouth, tooth or mouth
pain, eating difficulty, etc.). Recently, a definition of oral and
maxillofacial frailty syndrome included five items of oral
and maxillofacial dysfunctions, i.e., oral and maxillofacial
movement disorders, chronic oral mucosal pain disorders,
salivary gland hypofunction, taste disorders, and swallowing
disorders (Nam et al., 2018). The severity of these dysfunctions
constituted the evaluation of the oral and maxillofacial frailty
construct (Nam et al., 2018). Another seminal study defined
oral frailty as accumulated poor oral status suggesting six
items as oral frailty components, i.e., three oral function tests
(articulatory oral motor skill, chewing ability, and tongue
pressure), dental status (the number of natural teeth), and
two subjective assessments of oral functions (subjective
difficulty in swallowing and subjective difficulty in eating tough
foods) (Tanaka et al., 2018). Oral hypofunction was defined by
the Japanese Society of Gerodontology as a presentation of
seven oral signs and symptoms, i.e., five types of oral function
declines such as motor function of tongue and lips, tongue
pressure, occlusal force, chewing and swallowing and oral
uncleanness and oral dryness. In this model, oral frailty was
defined as a pre-stage of oral hypofunction (Minakuchi et al.,
2018). However, the methods of evaluation used in this model
require objective measures probably difficult to be used
as a screening tool. Very recently, starting from the deficit
accumulation model of frailty, the Oral and Maxillofacial
Frailty Index has been proposed as a screening tool with good
psychometric properties focusing on “functional limitation”
and “discomfort or pain” in the oral and maxillofacial regions
(Choi et al., 2020). The five items finally selected for the Oral
and Maxillofacial Frailty Index were the necessity of water
when eating dry food, difficulties in jaw or tongue movements,
difficulties in chewing, difficulties in facial expression, and
difficulties in speaking or pronunciation (Choi et al., 2020).

Very recently, both multidimensional frailty indexes
(Bassim et al., 2020; Hakeem et al., 2020a, b; Noetzel et
al., 2020) and the unidimensional physical frailty model
(Hakeem et al., 2020c; Hironaka et al., 2020; Zhang et al.,
2020) have been associated to a series of oral health items
(decreased tongue pressure or maximum tongue pressure,
low number of remaining teeth, decreased chewing ability,
reduced articulatory oral motor skill, periodontal disease,
presbyphagia, etc.) to propose possible oral frailty constructs
in population- and hospital-based studies. In short, although,
at present, there are no universally accepted indices or tools
for evaluating the oral and maxillofacial frailty, in the last
decade, some screening instruments and/or operational
definitions including lists of oral frailty components have
been suggested aiming to create a diagnostic framework for
this novel frailty phenotype.

Oral Frailty, Oral Microbiota, and Alzheimer’s

Disease Neurodegeneration

In this section, we examined the interplay between
periodontal disease, generally due to oral bacteria and often
causing tooth loss associated to AD risk, and oral microbiota,

with a recognized role in the microbiota-gut-brain axis.
Oral frailty components, including oral function, number of
teeth, dentures, and occlusions have been associated with
adverse health-related outcomes, in particular mortality risk
(Watanabe et al., 2020) and AD/late-life cognitive disorders. In
Figure 1, we depicted the bidirectional association between
AD/late-life cognitive disorders and oral frailty components.
Moreover, both tooth loss due to periodontal disease and
irregular tooth brushing were associated with doubled AD
risk (Fang et al., 2018) and higher dementia risk (Paganini-
Hill et al., 2012). However, tooth loss may be associated to
an increased risk of dementia also without the presence
of periodontal disease. In fact, masticatory disorder due to
tooth loss can lead to poor nutrition, so reducing cerebral
blood flow, often linked to memory deficits (Fang et al., 2018).
Moreover, a series of animal studies demonstrated that
tooth loss may induce decreased acetylcholine levels due to
masticatory dysfunction, leading to reductions in the number
of pyramidal cells in the hippocampus, provoking cognitive
dysfunction (Fang et al., 2018). There was also scarce evidence
that periodontal disease may be associated with frailty
development (Hakeem et al., 2020b). Frailty status may be
influenced by periodontal disease through its association with
inflammatory biomarkers, although there was only a weak
association of frailty with the inflammatory pathway (Hakeem
et al., 2019). Tooth loss due to periodontitis and its impact
on food selection and nutritional status might also mediate
the association between periodontal disease and frailty
status. Periodontal disease is generally due to mouth bacteria
infecting the tissue around the teeth and a growing interest
has been recently placed in the role that oral microbiota may
play in the microbiota-gut-brain axis (Panza et al., 2019; Goyal
et al., 2021). Between dental plaque bacteria and the innate
host defense system also exists a dynamic equilibrium and
its perturbation may lead to dental caries and periodontal
disease (Lamont et al., 2018). Oral bacteria accumulate in
humans on both hard and soft oral tissues in biofilms (Kilian et
al, 2016) and a series of clinical and preclinical studies showed
an association between poor oral health and increased ability
of oral microbiota to reach the brain, so affecting late-life
cognitive function and increasing AD risk (Panza et al., 2019).
In cognitively normal older subjects, clinical attachment
loss (> 3 mm), representing a history of periodontitis, was
associated with increased load of amyloid-f (AB), the principal
neuropathological AD hallmark, in vulnerable brain regions
(Kamer et al., 2015). Daily and transient bacteraemias
due to periodontal disease can challenge the brain with
intact bacteria and inflammatory mediators, while chronic
periodontitis is also reported to double the AD risk (Panza
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I AD and late-life cognitive disorders

Figure 1 | Bidirectional association between Alzheimer’s disease (AD)/
late-life cognitive disorders and oral frailty components.
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et al.,, 2019). Leptomeningeal cells may transmit systemic
inflammatory signals from macrophages to brain-resident
microglia during chronic periodontitis (Olsen and Singhrao,
2015). Brain structures may be affected by oral pathogens
through two mechanisms. In fact, proinflammatory cytokines
may travel via the systemic circulation, or the central nervous
system may be penetrated by periodontal bacteria or their
products via the glossopharyngeal and/or trigeminal nerves
(Kamer et al., 2008).

An increase in serum IgG antibodies due to periodontal
pathogens has been associated with established or
incident AD (Panza et al., 2019). In fact, in one study, 73%
of plasma samples of AD patients were serum-positive
for at least one of the pathogens tested [Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis (P.
gingivalis), and Tannerella forsythia] compared to only
38% of control samples (Kamer et al., 2009). P. gingivalis
is the main pathogen in chronic periodontitis, and toxic
proteases from this bacterium (gingipains) were identified
in AD brains, with levels correlating with protein tau, one
of the neuropathological hallmarks of the disease, and
ubiquitin pathology (Dominy et al., 2019). Furthermore, P.
gingivalis has been associated also with increased systemic
inflammation (Panza et al., 2019), and misregulated genes in
infected macrophages matched those in the hippocampus
of AD patients (Carter et al., 2017), suggesting a role for this
pathogen in AD neurodegeneration.

In AD mouse models, periodontitis due to P. gingivalis caused
an increase in brain AB deposition, higher inflammatory
markers (inteleukin-1f and tumor necrosis factor-a), and
an impairment of cognitive function in affected mice
compared to controls (Singhrao et al., 2019). Of note, 10
wild-type 8-week-old C57BL/6 mice with an induced chronic
periodontitis due to repeated oral application of P. gingivalis/
gingipain for 22 weeks showed an AD-type neurodegeneration
and the development of extracellular AB,_,, (llievski et al.,
2018). Moreover, in apolipoprotein E gene knockout mice
administered P. gingivalis was found diffuse punctuate
staining suggesting tissue damage and appearance of age-
related granules (Singhrao et al., 2017). In normal mice, brain
exposure to lipopolysaccharide from P. gingivalis induced
neuronal AB accumulation and learning/memory deficits (Wu
et al., 2017), but continuous brain exposure of P. gingivalis
lipopolysaccharide failed to cause cognitive impairment in
another transgenic AD mouse model (Hayashi et al., 2019).
On the other hand, COR388, a bacterial protease inhibitor
targeting P. gingivalis (Arastu-Kapur et al., 2020), is now being
tested in a double-blind, placebo-controlled Phase II/Ill study
in 573 mild-to-moderate AD patients (NCT03823404, GAIN
Trial). However, while P. gingivalis and other oral bacteria may
represent a co-factor in AD pathogenesis, older demented
subjects are more sensitive to oral pathogens and more prone
to develop dental infections and therefore this putative causal
association could be reversed (Panza et al., 2019). In short,
oral microbiota may influence AD risk through circulatory or
neural access to the brain and the interplay with periodontal
disease, often causing tooth loss also linked to an increased
AD risk.

Preventive Strategies for the Oral Frailty-

Alzheimer’s Disease Interplay

In these conclusive remarks, given the recognized role of
oral status as an important contributor to general health
including AD and late-life cognitive disorders, we examined
the potential impact of preventive strategies targeting the
novel oral frailty phenotype and encompassing maintenance
and improvement of oral function and nutritional status to
possibly reduce the burden of both oral dysfunction and
frailty. In fact, oral frailty, defined as a mild decline in oral
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function, could have the potential to be reversible in the early
stage. Oral frailty prevention may also reduce medical and
nursing care costs. Therefore, oral frailty can be identified as
a pre-clinical construct that could be an important target for
the prevention of adverse health-related outcomes such as
falls, disability, institutionalization, hospitalization, increased
all-cause mortality, dementia, and other neurodegenerative
conditions in older people. In particular, there are strong
links among dementia and AD and oral frailty components,
i.e., dental status (the number of natural teeth) and oral
function. Therefore, early detection and treatment of oral
frailty may contribute to dementia prevention. Preventive
strategies targeting the novel oral frailty phenotype should
include the maintenance and improvement of oral function
and nutritional status to reduce the burden of both frailty
and oral dysfunction. At the community level, primary
preventive intervention to delay frailty onset, as a general
target, may include healthy diet promotion, increased physical
activity and exercise, higher engagement in an active and
socially integrated lifestyle, and body weight, metabolic,
and vascular risk control (Zupo et al., 2020). In different
settings, we have a lack of convincing evidence from high-
quality studies on the best clinical management strategies
targeting frailty, but nutrition and physical activity are the
pillars for frailty prevention and management. Systematic
reviews supported the role of increased physical activity and
exercise interventions in improving gait and decreasing falls
(Jadczak et al., 2018), while only preliminary evidence coming
from randomized clinical trials or observational studies
suggested that nutritional intervention could postpone frailty
development in older people (Herndndez Morante et al.,
2019). In fact, a protective role of protein supplementation
has been suggested against frailty development (daily 30 g
protein), although excess protein can also be harmful and
specific individual characteristics should be considered
(Herndndez Morante et al., 2019). Metanalytic evidence
also suggested that protein supplementation plus resistance
exercise training as well as multicomponent exercise training
may be effective in improving frailty status, lean mass, muscle
strength, and physical mobility in frail older individuals (Liao
et al., 2018). This meta-analysis confirmed systematic review
findings suggesting that multidomain interventions (i.e.,
two or more domains among physical exercise, nutritional,
pharmacological, psychological, or social interventions)
tended to be more effective than monodomain interventions
on frailty status or score, muscle mass and strength, and
physical functioning (Dedeyne et al., 2017).

Therefore, nutrition appears to be a targetable intervention
with the potential to modulate frailty risk. Oral health is also
a modifiable risk factor strictly linked to nutrition, with a
consequent central role of oral health evaluation in frailty
assessment. A series of oral health components, including
articulatory oral motor skill, weak tongue pressure, fewer
than 20 natural teeth, difficulties in eating tough foods,
and difficulties in swallowing tea or soup are risk factors for
physical frailty and sarcopenia, and disability (Tanaka et al.,
2018). Improving oral health and consequently nutritional
intake should be included in interventions to prevent or delay
frailty onset. Total energy intake as well as the intake of dietary
protein, calcium, fiber, iron, niacin, vitamin C and vitamin D
may decrease with masticatory dysfunction (Sheiham et al.,
2001). Moreover, the associations between oral function
and sarcopenia (Murakami et al., 2015), masticatory and
exercise function (Yamaga et al., 2002), and walking speed
and oral function (Takata et al., 2004) may be central for the
prevention of the adverse health-related outcomes associated
to oral frailty.

In conclusion, oral health is a part of an individual’s general
health status, and a multidisciplinary approach is needed to
assess the contribution of oral health measures to specific
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conditions, in particular, AD and late-life cognitive disorders.
The number of teeth may serve as a good marker for general
health, reflecting the net accumulation of several experiences
over time, from poor hygiene habits to the occurrence of
caries, periodontal diseases, and trauma. Furthermore, teeth
count is a clinical-friendly information that can be easily
retrieved during the comprehensive geriatric assessment
of older people, providing useful insights for the design of
the most appropriate intervention, i.e., maintenance and
improvement of oral function and nutritional status. In this
context, in the next future, the general dental practitioner
will have a greater impact in the prevention and maintenance
of oral and general health status and will be less active with
treatment. Poor oral health is therefore a marker for frailty
onset, and given that the majority of older people at risk
of developing frailty are in the community, the role of the
general dental practitioner in identifying those at risk appears
to be crucial. Maintaining or increasing oral function and so
decreasing the impact of oral frailty may be associated with
the improvement of dietary and functional status in older
people, and may be implicated in reducing the mortality
risk and other adverse health-related outcomes, including
dementia and AD.
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