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Abstract: Frailty is a highly prevalent condition in the elderly that has been increasingly considered
as a crucial public health issue, due to the strict correlation with a higher risk of fragility fractures,
hospitalization, and mortality. Among the age-related diseases, sarcopenia and dysphagia are two
common pathological conditions in frail older people and could coexist leading to dehydration and
malnutrition in these subjects. “Sarcopenic dysphagia” is a complex condition characterized by
deglutition impairment due to the loss of mass and strength of swallowing muscles and might be
also related to poor oral health status. Moreover, the aging process is strictly related to poor oral
health status due to direct impairment of the immune system and wound healing and physical
and cognitive impairment might indirectly influence older people’s ability to carry out adequate
oral hygiene. Therefore, poor oral health might affect nutrient intake, leading to malnutrition
and, consequently, to frailty. In this scenario, sarcopenia, dysphagia, and oral health are closely
linked sharing common pathophysiological pathways, disabling sequelae, and frailty. Thus, the aim
of the present comprehensive review is to describe the correlation among sarcopenic dysphagia,
malnutrition, and oral frailty, characterizing their phenotypically overlapping features, to propose a
comprehensive and effective management of elderly frail subjects.
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1. Introduction

In the last decades, worldwide life expectancy has increased and the proportion of
older adults relative to other age groups has continued to grow resulting in ageing of the
society, especially in the developed countries [1-3]. Life courses of health and functional
status in older people are related to their genetics and environmental backgrounds, as
well as other physical and psychological factors [4]. Indeed, a common feature in elderly
subjects is the progressive decline in several physiological functions, which might lead to
an increased risk of sarcopenia, dysphagia, osteoporosis, and frailty [5-8].

In this context, frailty is a complex and multifaceted public health issue highly preva-
lent in older adults leading to increased direct and direct sanitary costs and is strictly
correlated with a higher risk of falling, fragility fractures and consequent disability, hospi-
talization, and mortality [5,9-11]. A consistent percentage of frail subjects might present
with sarcopenia, a clinical condition, characterized by a reduction in muscle mass, mus-
cle strength, and physical performance [12]. Sarcopenia typically occurs during the fifth
decade of life affecting from 9.9 to 40.4% of older people [13] and inducing a muscle mass
and strength decline, with a consequent need of a prompt diagnosis and a rehabilitative
intervention [6,14,15]. Moreover, it has been recently shown that sarcopenia could be con-
sidered as an independent risk factor for dysphagia, reducing the strength of swallowing
muscles [5,16,17]. Dysphagia is a dysfunction of the digestive system, characterized by
an impairment in chewing and swallowing, with absence or prolonged transit of food
or liquids in the upper digestive tract [18]. The oropharyngeal swallowing process in-
volves a coordinated set of neuromuscular actions allowing the transit of the bolus from
the oral cavity to the upper esophageal sphincter and is commonly described in three
different phases: oral, pharyngeal, and esophageal [19]. Hence, oropharyngeal dysphagia
could result in an ineffective deglutition, leading to dehydration and malnutrition with
a consequent increased risk of muscle mass loss [20]. In this scenario, sarcopenia and
dysphagia share several risk factors and their pathological coexistence has captured the
interest of the scientific community in the last few years. Moreover, both conditions could
be considered both risk and predictive factors at the same time [17]. Thus, the concept of
“sarcopenic dysphagia”, a pathological condition caused by a loss of mass and strength
of swallowing-related muscles, has been recently proposed and, in light of its detrimental
effects on health-related quality of life (HRQoL) and disability requires a multidisciplinary
approach and effective management in elderly subjects [21-23].

As previously described, dysphagia might lead to malnutrition through several patho-
logical mechanisms [24,25] with consequent increased risk of developing sarcopenia [26].
At the same time, malnutrition can be caused by a variety of factors including difficulty
eating, reduced mobility, psychological stress, and poor access to healthcare, oral health
care, and social services [27]. Individuals with impaired masticatory ability usually avoid
foods that are difficult to chew, including raw vegetables or fruits. Indeed, an insufficient
intake of fibers, linoleic acid, potassium, calcium, magnesium, zinc, selenium, vitamins D, E
and K, folate, biotin, and molybdenum have been observed in older adults with dysphagia
with reported chewing and swallowing impairments [24,28]. Among all these pathophysio-
logical mechanisms underpinning malnutrition, poor oral hygiene could play a key role in
the development of this condition, increasing the risk of progressive periodontal disease
and dental decay, as shown in other chronic conditions [29-32]. Indeed, oropharyngeal
functional decline culminates in a loss of independence in self-care abilities, including less
attention for oral care [33] and activities of daily living (ADL), such as brushing teeth or
dentures or periodic visits to the dentist [34]. Moreover, oral cancer, dry mouth (xerosto-
mia), and pathological denture-related conditions (including oral candidiasis and denture
stomatitis) [3,35] are more frequent in the elderly [36], resulting in variable degrees of oral
disability. Lastly, a reduction in appetite might occur because of decrease in smell and taste
senses, leading to a loss of pleasure in eating, which is another well-known risk factor for
malnutrition [37,38]. In conclusion, poor oral health might affect nutrient intake, leading to
malnutrition and, consequently, to frailty.
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In this scenario, age-related conditions are a growing issue and need comprehensive
and multidisciplinary interventions for a prompt and effective management. sarcopenia,
dysphagia, sarcopenic dysphagia, and oral health seem to be closely linked and share
common pathophysiological pathways, overlapping features and disabling sequelae all
leading to frailty (see Figure 1).

Malnutrition

Poor Oral
Health

Sarcopenia

Sarcopenic
Dysphagia

- A . Swallowing
Bone Frailty Dysfunction

Figure 1. Overview of the vicious circle among malnutrition, sarcopenia, swallowing dysfunction,
bone frailty, and poor oral health in older subjects.

However, at present, few reports in the literature focused on these specific issues, their
impact on disability and the pathophysiological synergies of these different conditions of
older adults.

Therefore, by this comprehensive review we sought to describe the state-of-art about
the overlapping features of sarcopenia, sarcopenic dysphagia, malnutrition, and oral
frailty in the elderly and their correlation to define the correct framework for an optimal
management of these complex pathological conditions.

2. Malnutrition and Aging: A Close but Unclear Link in the Elderly

An adequate nutritional status and physical activity are cornerstones to preserve
functioning, wellbeing, and HRQoL in older people, according to the Healthy Aging policy
framework of the World Health Organization [39]. However, nutritional disorders are a
critical burden in the elderly, affecting physical function and global health with detrimental
consequences in well-being and sanitary costs [40].

According to the European Society for Clinical Nutrition and Metabolism (ESPEN),
diagnostic criteria for malnutrition are defined by a body mass index (BMI) of <18.5 kg/m?
or by meeting two of these three criteria: unintentional weight loss of more than 10% (or
more than 5% over the last three months), BMI lower 22 kg/ m? (or lower than 20 kg/ m? in
persons over 70 years old), or a low fat-free mass index (FFMI) score (FFMI < 15 in women
and FFMI < 17 kg/m2 in men) [41].
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In recent years, malnutrition prevalence is increasing worldwide due to the aging of
the population and the increasing prevalence of age-related pathological conditions [42].
To date, a recent meta-analysis including over 110,000 older persons underlined that
malnutrition rate might range between 6% (95% CI, 4.6-7.5) and 29.4% (95% CI, 21.7-36.9)
based on the health care setting [43]. In more detail, rehabilitation and subacute care
settings were associated with a higher prevalence of malnutrition [43]. In accordance,
Wojzischke et al. [44] reported similar results, while approximately 47% (40-54) of geriatric
rehabilitation patients were at risk of malnutrition.

Albeit several pathophysiological mechanisms underpinning the strict association be-
tween malnutrition and aging have been hypothesized [45], the gap of knowledge remains
still consistent. Physical function impairment, social and environmental conditions, acute
and chronic diseases, and pharmacological treatments have been identified as independent
risk factors potentially responsible to generate malnutrition in the elderly [45]. Moreover,
as previously suggested, malnutrition in the elderly might be related to dental problems or
to dysphagia due to a reduced performance in swallowing functions that might affect oral
intake [46,47]. Therefore, patients who could not achieve full oral intake with support or
supplemental strategies might undergo a catabolic state with detrimental consequences in
several body tissues tropism and systemic inflammation [48].

The relationship between oral health and nutrition is multidirectional: on the one
hand, oral health problems (e.g., tooth loss, toothache) could be contributing factors to
malnutrition, through the reduction of chewing skills (e.g., edentulism, dry mouth) [49,50].
In this context, Joshipura et al. showed that edentulous people consumed fewer vegetables,
less fiber and carotene and more cholesterol, saturated fat, and calories than did participants
with 25 or more teeth [51]; on the other hand, poor dietary intake increased the risk of
periodontal disease. Indeed, inverse associations were found between fatty acids, vitamin C,
vitamin E, beta-carotene, fiber, calcium, dairy, fruits, and vegetables and risk of periodontal
disease [52,53]. Moreover, a strict relationship between the development of periodontal
disease and the diet-borne systemic inflammation was supposed [53]. Indeed, nutrients
consumption of dairy, fruits and vegetables, fiber, calcium, antioxidants, and fatty acids
might regulate the immune-mediated inflammatory responses, starting and propagating
pro-inflammatory mechanisms, which are basis of periodontal disease development [54].

Therefore, an early identification of malnutrition is mandatory to optimize the com-
plex management of elderly patients and to prevent the negative clinical consequences of
malnutrition. Several screening and grading tools have been proposed to better characterize
malnutrition, including Mini Nutritional Assessment (MNA) [55], Malnutrition Screening
Tool [56,57], Seniors in the Community: Risk Evaluation for Eating and Nutrition (SCREEN
II) [58], Malnutrition Universal Screening Tool [32,59], Simplified Nutrition Assessment
Questionnaire (SNAQ) [60], and Nutritional Risk Screening (NRS) [61]. Despite nutritional
screening should be routinely performed in the hospital setting, there is still a lack of con-
sensus on the optimal tool to be used in clinical practice to promote the early identification
of this condition and an effective and tailored treatment.

To date, it has been widely recognized that malnutrition is related to poor health out-
comes due to its clinical consequences in both acute and chronic diseases [62,63]. Moreover,
malnutrition is currently considered as one of the main modifiable prognostic factors for
worsening outcomes and mortality in elderly patients [64,65]. Lastly, a nutritional defi-
ciency of micronutrients (vitamin D [66,67], vitamin C [66], vitamin B12 and folate [67,68],
vitamins A and E [69], vitamin B6 [70], selenium, zinc, magnesium [71], and copper [72])
has been reported to have a potential role in the immune regulation in the elderly. In
this scenario, malnutrition is considered as a risk factor for osteoporosis, sarcopenia, and
frailty [73,74]. To date, several studies [74-76] highlighted a correlation between protein
intake and calcium-phosphate or bone metabolism reporting that deficient protein sup-
ply might affect calcium homeostasis. Moreover, protein deficiency might downregulate
insulin-like growth factor-I (IGF-I) production which plays a key anabolic role in skeletal
muscle, cartilage, and bone [77].
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Concurrently, malnutrition consequences might reflect on musculoskeletal system with
crucial implications on functional performances and HRQoL of frail elderly patients [78].
Thus, the role of nutritional interventions in the elderly has been widely investigated with
increasing evidence supporting the positive role of oral supplementation to optimize the
rehabilitative path of frail patients [79].

However, it should be noted that tailored treatment should be proposed in patients
affected by concurrent conditions. In particular, it should be noted that dysphagia, mal-
nutrition, and oral frailty frequently coexistent in the elderly [80]. Therefore, nutritional
intervention should take into account individual swallowing capacities [81]. Moreover, due
to the detrimental effects of malnutrition in musculoskeletal system, sarcopenia and frailty
syndrome should be screened in patients with malnutrition due to the high prevalence of
these concurrent age-related conditions and the needing for enhancing synergism among
therapeutic interventions [82].

Taken together, the evidence reported put in light the needing for early screening
for malnutrition in the elderly to minimize malnutrition complications and set-up multi-
disciplinary strategies to treat this complex and disabling condition and prevent its health-
related consequences.

3. Dysphagia in Older Subjects

Swallowing problems have been considered as a growing health concern for the
elderly, being a major cause of malnutrition, dehydration, aspiration pneumonia or even
death due to asphyxiation [83]. Prevalence ranges from 16% in people aged 70-79 years to
33% in subjects aged more than 80 years [20], reaching 60% in geriatric populations residing
in community dwelling settings and nursing homes [84].

Dysphagia is defined as a difficulty in eating and swallowing, characterized by im-
paired or prolonged transit of food or liquids from the oral cavity to the esophagus [18].
The swallowing process could be divided into four distinct phases: oral preparatory, oral
transport, pharyngeal, and esophageal phase. An impairment in any of these phases may
lead to dysphagia [85]. The swallowing function may be altered, in every single phase,
by the age-related reduction of tissue elasticity, cervical spine changes, oropharyngeal
disorders, decrease of oral moisture, and sensory impairments, such as reduction of smell
and taste [19]. The coexistence of sarcopenia and dysphagia has recently attracted a con-
siderable amount of interest in the scientific literature, considering that older people with
dysphagia might present a loss of muscle mass and strength in both generalized skeletal
muscles and swallowing-related muscles [22]. Indeed, this age-related loss of muscle mass
might be manifested as a decrease in the thickness of tongue, geniohyoid muscle [86],
pharyngeal wall [87], and a reduction of tongue pressure [88] and weaker pharyngeal
contractility [89].

Dysphagia management requires a multidisciplinary approach focusing at first on
early diagnosis to prevent potential complications [90]. Hence, dysphagia screening can be
performed using validated questionnaires designed to rapidly detect signs and symptoms
of swallowing impairment, such as the 10-Item Eating Assessment Tool (EAT-10) [91,92].
This tool is composed of 10 items, each one describing a specific risk condition to be scored
from 0 (absence of problem) to 4 (severe problem), and a total score of 3 or higher sug-
gests an abnormal swallowing function. This screening tool reported a high specificity
(96.8% if >3 and 98.4% if >4) for detecting dysphagia in the elderly as shown in a study
performed on 534 older people referred to a Rehabilitation Unit after total hip or knee
arthroplasty [5]. Another screening test commonly used in the clinical practice is the modi-
fied water swallowing test (MWST), which shows a sensitivity and a specificity of 70% and
88%, respectively, for detecting aspiration [93,94]. Similarly, a wide variability of screen-
ing tools showed excellent sensitivity and specificity in the assessment of patients with
dysphagia, including volume-viscosity swallow test, pharyngo-esophageal manometry,
voluntary cough airflow, maximum tongue pressure, surface electromyography, real-time
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magnetic resonance imaging [95]. These tests might be associated with each other in order
to improve specificity and sensibility for a more precise dysphagia assessment [93-95].

Moreover, several rating scales are used to assess the oral intake level of patients,
which correlates with deglutition ability, such as the Functional Oral Intake Scale (FOIS),
Food Intake Level Scale (FILS), neuromuscular disease swallowing status scale, and Sydney
Swallow Questionnaire [96,97].

However, despite these tools being the first-line use in common clinical practice, the
instrumental evaluation is mandatory to confirm the diagnosis of dysphagia [20]. The video-
fluoroscopic swallowing study (VFSS), also known as modified barium study, is the only
diagnostic tool that assesses all four phases of swallowing. It could detect oral and pharyn-
geal motility problems, ascertain presence of aspiration or penetration, assess the swallow
speed and evaluate postural changes and their effect on aspiration/penetration [20]. A
video-fluoroscopic study performed on 731 patients complaining of swallowing symptoms
showed prolonged oral transit time and aspiration after swallowing in elderly dysphagic
patients. Similarly, a study performed on 132 patients with swallowing difficulties using
fluoroscopic imaging showed that male sarcopenic patients had lower laryngeal upward
movements during swallowing and wider pharyngeal areas compared to healthy con-
trols [88].

Another instrumental technique for dysphagia assessment is the flexible endoscopic
evaluation of swallowing (FEES) that allows a direct visualization of the laryngopharynx,
whereas patients are asked to eat different consistencies of food with food coloring [98].
It is a very useful tool to assess the presence of penetration or aspiration residue in the
valleculate and pyriform sinuses, despite it is limited in exploring the oral and esophageal
phases of deglutition. Giraldo-Cadavid et al. showed that aspiration detected by FEES
and an age > 65 years were two independent predictors of mortality in 148 patients with
oropharyngeal dysphagia [98].

In conclusion, dysphagia is a common and disabling issue in the elderly and need to
be managed through a complex multidisciplinary approach, starting from early diagnosis
and involving several health professionals such as geriatric, otorhinolaryngoiatric, physical
and rehabilitation physicians, nutritionists, dentists, and speech-language pathologists in
order to plan the most effective treatment.

4. Oral Frailty: A Detrimental Issue

The oral cavity is the first part of the digestive tract and is involved in several functions
including biting the food, chewing, adding saliva for bolus formation and transporting it
into the stomach [99]. Poor oral health seems to be strictly related to aging and could be
considered as an indicator of frailty [100,101]. It has been shown that poor oral health is
associated with poor diet quantity and quality in older adults [102], leading to a consequent
reduction of fruits, vegetables, and fibers intake leading to an increased risk of malnutri-
tion [103]. Moreover, the number of teeth is significantly associated with the number of food
items that older persons able to eat [103]. Indeed, tooth loss could influence the selection of
food of reduced consistency and consequent loss of pleasure in eating [25], explaining the
relationship between tooth loss and poor nutritional status in the elderly [104].

In this scenario, Hussein et al. [105] in 2021 performed a systematic review with meta-
analysis showing that edentulous patients had a 9.5% higher risk of malnutrition than
healthy subjects, evidencing a lack of specific nutrients, that could lead to several disorders.
The authors reported that older adults with chewing impairment had twice the risk of
malnutrition and those with no daily teeth or denture cleaning had a 52.6% higher risk
of malnutrition compared to control subjects. Iwasaki and colleagues [106] investigated
the nutritional status among 1054 community-dwelling older adults, reporting that oral
frailty is defined as the number of remaining teeth, masticatory performance, articulatory
oral motor skill, low tongue pressure and eating and swallowing impairment was present
in 20.4% of the patients assessed. Study participants with oral frailty showed a higher
odd of more severe malnutrition, evaluated using the Mini-Nutritional Assessment—Short
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Form and serum levels of albumin. Furthermore, it should be highlighted that a poor oral
health status (in particular edentulism) increased the difficulty in eating hard foods, with a
consumption of mashed food and decreasing eating pleasure, leading to a higher risk of
malnutrition [107].

Another age-related condition that could affect oral health in the elderly is oral
dryness, with a negative impact on oral health status and HRQoL [108-110]. Xerosto-
mia is considered as the subjective sensation of oral dryness, ranging from 17% to 40%
among community-dwelling elderly and from 20% to 72% in institutionalized older peo-
ple [111]. The prevalence of dry mouth increases with increasing numbers of medications
used [109,112], especially if used in combination [113]. More than 400 medications could
cause xerostomia, including antidepressants, proton pump inhibitors, antihypertensives,
antipsychotics, diuretics, and antineoplastics. Xerostomia could also be caused by autoim-
mune conditions, as the Sjogren’s Syndrome [114], radiation therapy for cancers of the head
and neck [115], dehydration [116] and infection as hepatitis C virus (HCV) [117]. Moreover,
saliva plays a key role in neutralizing potentially damaging food acids and enhancing
the ability to taste food and speech facilitation [118]. It contains several enzymes, which
start the digestion process, and antibacterial, antifungal, and antiviral agents, which are ex-
tremely helpful to prevent oral infections [119]. Older people often present with a reduced
salivary flow, with negative consequences for oral health, including dysgeusia, halitosis,
burning mouth, oral pain, difficulty in chewing and swallowing, speech impairment, and
an increased risk of fungal infections, demineralization/caries, and periodontitis [120-124].

Periodontal disease is a chronic inflammatory pathological condition affecting the
tooth-supporting soft and hard tissues, which left untreated leads to tooth mobility and
tooth loss [56,125]. The constant deposit of bacterial biofilm on the teeth triggers a chronic
inflammatory condition ranging from a reversible low-level (gingivitis) to irreversible
higher level of inflammation (periodontitis) and tooth mobility/loss [126]. In this context,
microbial products and inflammatory mediators might enter the systemic circulation and
reach distant organs, supporting the genesis of systemic pathologies [127-130]. Nutrition
is a critical determinant of immune responses [131] because nutrients derived from food
sources show a strong interaction with the immune system cells [132] and nutritional
deficiency might impair the immune response and predispose the individual to infec-
tion [133,134]. In more detail, a low intake of vitamin A, E, C, B6, and B12, pantothenic acid,
riboflavin, and folate act on DNA and RNA synthesis, cellular metabolism, and antioxidant
activity and a low intake of these micronutrients might affect the host defenses [135,136].
The result is a state of chronic inflammation that might induce an intrinsic production of
glucocorticoids and proinflammatory cytokines with consequent body weight loss and
skeletal muscle depletion [137,138] Moreover, the high levels of pro-inflammatory cytokines
(i-e., interleukin-6 and TNF-«) have been associated with reduced muscle mass and muscle
strength [139,140]. Hence, poor oral health conditions characterized by high values of
plaque and bleeding on probing scores might be strictly related to dysphagia, sarcopenia,
and malnutrition, sharing some pathophysiological mechanisms and phenotypic manifes-
tations with these pathological conditions.

Oral health status is also considered to be a factor associated with sarcopenia [141] and
dysphagia [142], and improvement of the oral status and function might be important to
conduct dysphagia rehabilitation. Poor oral health status may induce difficulties in chew-
ing and swallowing in older people, as well as malnutrition and consequent sarcopenia.
Authors showed a strong relationship between dysphagia and low salivary flow [143],
which could induce both a dry feeling in the mouth and a defect in lubrication and the
cohesion of the bolus [143,144]. Dysphagia associated with salivary hypofunction can cause
a loss of appetite and a restricted choice of dietary intake [143].

Moreover, much attention has been focused on the relationship between oral health
and sarcopenia and it was assumed that impaired oral health leads to sarcopenia. In this
context, some reports have shown relationships between oral health and handgrip strength,
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walking speed, and skeletal muscle mass which are measurements used in the diagnosis of
sarcopenia [145-147].

Moreover, given the recent evidence underlining a strict muscle—skeletal crosstalk,
intriguing implications have been suggested in the relationship between oral health and
bone frailty [148,149].

Therefore, in conclusion, impaired oral health can lead to malnutrition and sarcopenia,
which can, in turn, cause dysphagia, resulting in a negative cycle that worsens the patient’s
general condition.

5. Sarcopenic Dysphagia: An Old and New Concept

The term “sarcopenic dysphagia” has been used for the first time in 2012 by Kuroda
and Kuroda [21] to define a swallowing impairment due to both systemic and swallowing
muscles sarcopenia [22]. To date, this topic has been rising a growing interest in the
scientific field with four academic societies that recently published a position paper to
better characterize the definition and diagnosis of sarcopenic dysphagia [150]. In this
scenario, a progressive decline in skeletal muscle mass in the elderly is widely documented
in literature [151-155]. However, this phenomenon might be extremely burdensome in
frail patients and might affect even swallowing muscle, including the tongue, geniohyoid
muscle, and pharyngeal muscles with negative consequences in terms of swallowing
function and consequent increased risk of dysphagia [87,156-158].

Therefore, sarcopenic dysphagia is characterized by specific differences from pres-
byphagia in elderly. In more detail, although presbyphagia is associated with age-related
decline of swallowing mechanisms, sarcopenic dysphagia might be related to a further
decline in swallowing muscle strength due to an impairment of whole-body skeletal muscle
strength associated with a reduction in swallowing function [22]. The negative bond of
events characterizing the evolution from presbyphagia to sarcopenic dysphagia has been
not fully understood; however, it has been proposed that energy intake reduction and acute
diseases might severely affect the risk for sarcopenic dysphagia in elderly [17,159].

In this context, Ogawa et al. [160] identified the cross-sectional area of the tongue
muscle as the most specific factor to assess sarcopenic dysphagia. Moreover, togue muscle
area of brightness assessed with ultrasound technique seem to be an independent risk
factor for sarcopenic dysphagia [160]. On the other hand, Maeda et al. [17] reported
that skeletal muscle index, Barthel Index and BMI were significantly related to sarcopenic
dysphagia, supporting the growing evidence on the similar pathophysiological mechanisms
underpinning these conditions, with a detrimental synergism in terms of frailty in older
people [161,162]. Furthermore, the strict association between sarcopenia and dysphagia
has been underlined by the recent systematic review by Zhao et al. [163], that reported a
significant association between sarcopenia and dysphagia independently by the diagnostic
criteria [163].

However, sarcopenic dysphagia is not simply identified by a concomitant diagnosis
of sarcopenia and dysphagia, but it has been characterized by specific diagnostic criteria
recently assessed by Mori et al. [164]. The authors emphasized the need for a precise tool
to identify sarcopenic dysphagia, aiming at developing specific strategies to counteract
this progressive and disabling condition. The authors proposed a diagnostic algorithm
consisting of five different items including dysphagia diagnosis, sarcopenia diagnosis,
imaging test consistent with loss of swallowing-muscles mass, no other possible cause
of dysphagia, or if any, not considered the main cause [164]. Based on these criteria, the
authors identified three potential diagnostic categories: probable sarcopenia dysphagia,
possible sarcopenic dysphagia, and no sarcopenic dysphagia [164].

However, it has been demonstrated that in stroke patients older than 65 years old, the
swallowing muscle mass might be decreased even without a direct neurological deficit,
mainly due to the high risk for malnutrition and oral intake reduction [48,165]. In partic-
ular, it has been reported that despite stroke-related dysphagia might be associated with
common neurological symptoms including dysarthria, aphasia, apraxia, and facial palsy,
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concurrent or overlapping sarcopenic dysphagia might be related to pre-injury comorbidity,
acute illness, immobilization, and inadequate energy intake that might affect post-stroke
patients with a major latency of onset but better reversibility with a specific therapeutic
intervention [165].

On the other hand, sarcopenic dysphagia has been also reported after severe COVID-
19 infection in non-intubated elderly patients [166], leading to an intriguing interest on the
screening strategies and therapeutic rehabilitation approach in COVID-19 survivors [167,168].

To date, several barriers have been identified in routine clinical screening of sarcope-
nia, including the lack of confidence in health care workers in the screening tools, the
underestimation of the disease, the lack of specific services to manage sarcopenic patients,
or limitations to access these specific services [169-171]. As a result, sarcopenic dysphagia
screening has not been fully introduced in routine clinical practice, albeit recent stud-
ies [172-175] have emphasized the need for a specific therapeutic intervention including
rehabilitation in this condition.

Taken together, these findings underlined that sarcopenic dysphagia is a common and
disabling condition in elderly patients. Specific diagnostic criteria have been proposed for
the early identification of this condition, and ultrasound imaging might be a useful tool to
assess swallowing muscle mass and muscle quality [160].

In this scenario, clinicians should consider the strict associations among sarcopenia,
dysphagia, and malnutrition in the therapeutic path of sarcopenic dysphagic patients in
order to optimize the comprehensive management of elderly patients.

Moreover, precise identification of these concurrent conditions might have a key role
in the optimal treatment strategy prescription directly targeting functional impairment
related to these conditions and etiological causes at the basis of the onset of the disease.

Figure 2 describes the overlapping features among different age-related conditions,
underlining the key role of sarcopenic dysphagia.

Low Muscle
Mass

Low Muscle
Strength

Low Muscle
Performance

Sarcopenia
Oral Dryness

Sarcopenic Edentulism

Dysphagia

Osteoporosis

Risk of
Fracture

Figure 2. Sarcopenic dysphagia: overlapping features among different age-related conditions.
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Lastly, a routine clinical screening to assess sarcopenic dysphagia should be introduced
in the clinical practice to support an early rehabilitative treatment and improve functional
outcomes in sarcopenic elderly patients, potentially preventing malnutrition and frailty
along with their burdensome consequences.

6. Nutritional Supplementation to Counteract Sarcopenic Dysphagia

Nutritional interventions are a cornerstone of the integrated therapeutic path aimed
at counteracting sarcopenia and malnutrition in the elderly [176,177]. In more detail, the
ESPEN [176] recently recommended an energy intake of 30 kcal/kg of body weight/day and
a protein intake of at least 1.0 g/kg body weight/day in the elderly. However, the protein
intake may reach 1.2-1.5 g/kg body weight/day in acute or chronic illness [176]. In sarcopenic
patients, it has been shown that 1.2 g/ideal body weight/day (kg) protein intake might be
effective in improving tongue muscle strength [178]. Along with the daily protein intake, also
the daily caloric intake should be strictly monitored in elderly patients given the high risk of
malnutrition in these subjects, especially in dysphagic ones [26,179]. In more detail, it has been
suggested that a caloric intake > 35 kcal/IBW/day (kg) is needed to adequately treat patients
with sarcopenic dysphagia [150]. Furthermore, it should be noted that the reaching of an
optimal energy and protein intake could be extremely challenging in these patients not only for
the well-known swallowing impairment but also for the high prevalence of concomitant age-
related disabling conditions [174]. Therefore, a specific therapeutic approach should be tailored
to the patient’s needs and enteral or parenteral nutrition might be considered especially in post-
acute patients [103]. However, conflicting data were reported for both enteral and parenteral
nutrition solutions and oral feeding should be preferred if possible [180,181]. In this scenario,
food texture modifications might be used to reduce the risk of inhalation and should be adapted
to the swallowing deficiencies [182]. Moreover, an adequate nutritional supplementation might
provide significant improvements in both macronutrients and micronutrients intake [183,184].
Indeed, promising results were reported in terms of vitamin D supplementation, which might
have a crucial role not only on musculoskeletal health but also on immune system regulation
with intriguing implications in several pathological conditions of the elderly [185,186].

To date, few studies assessed the effect of nutritional supplementation in patients
with sarcopenic dysphagia reporting promising results [187-190]. However, it should be
noted that nutritional supplements should be considered in an integrated multidisciplinary
treatment including an adequate physical exercise [191-193]. In recent years, rehabilita-
tion nutrition, a recent integrated approach aimed to counteract the effects of aging on
the skeletal muscle system, has been proposed to optimize functional outcomes in the
elderly [194]. It is based on a precise assessment of nutritional disorders, sarcopenia and
potential deficits in nutritional intake [159]. More in detail, the close synergism between
nutrition and rehabilitations has been deeply investigated in the past few decades [82,195].
Moreover, several papers supported the strong correlation between nutritional status and
functional outcomes, and the greater improvement in these outcomes in sarcopenic patients
obtained with combined nutritional and exercise interventions compared instead of single
ones [196].

Despite these findings, good-quality clinical trials assessing the role of specific nutri-
tional supplementation in sarcopenic dysphagic patients are still lacking. Moreover, there
is still a gap of knowledge concerning the effect of physical exercise and nutritional sup-
plementation in patients with sarcopenic dysphagia. Therefore, further research targeting
these specific patients is still warranted to establish to guide clinicians in the management
of frail subjects at risk of sarcopenic dysphagia.

7. Oropharyngeal Rehabilitation

Dysphagia and malnutrition are two major issues in the elderly with a negative impact
on several pathological conditions, including cardiovascular disorders, cognitive status
impairment, immune system downregulation, pressure ulcers, and skeletal muscle system
worsening [197,198]. Therefore, effective interventions aimed at improving the nutritional
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intake and counter malnutrition are mandatory not only to prevent dysphagia-related
complications (such as aspiration pneumonia) but also to improve the general health status
and the HRQoL of older patients [199].

In this context, oropharyngeal rehabilitation is a relatively new concept in the complex
multidisciplinary approach of dysphagia and swallowing disorders. This rehabilitative
approach is characterized by several interventions including functional training, com-
pensatory maneuvers, postural adjustments, swallowing maneuvers and diet modifica-
tions [156,200,201]. In more detail, postural adaptations might have a crucial role in airways
closure and in reducing the risk of inhalations in order to improve the speed and safety
of swallowing [201]. Thus, the posture of sitting upright and head/neck flexed should be
adopted in sarcopenic dysphagic patients, because this is the optimal posture to improve
swallowing performances in dysphagic patients [202]. Moreover, postural adjustments
significantly improve self-perceived difficulties in swallowing maneuvers [202]. In more
detail, an upright 90° seated position should be maintained at least 30 min after eating to
reduce the risk of inhalation of unswallowed food [18].

Swallowing compensatory maneuvers represent not only a short-term compensation
to provide immediate benefits in bolus flow but also a specific rehabilitative strategy to
improve swallowing functional training [81]. In more detail, supra- and super-supraglottic
swallow, Mendelsohn’s maneuver and effortful swallow have been proposed to have a role
in sarcopenic dysphagia.

Tongue-pressure resistance training (TPRT) is the most used strengthening exercise,
and it has been proved to enable an improvement in hyoid bone movements, tongue
pressure and width of the upper esophageal sphincter [203]. In 2020, Nagano et al. [178]
reported an increased maximal tongue pressure in sarcopenic patients after 2-month phys-
ical and occupational therapy, without additional swallowing training. Therefore, these
findings emphasized the role of a multitarget rehabilitative intervention focusing not only
on swallowing training but including physical exercise combined with a rehabilitative
nutrition approach to improve the overall well-being of older patients and consequent
swallowing deficits related to a decrease of physical function and sarcopenia.

Lastly, compensatory strategies might include changes in the consistency of solid
and/or liquid foods. In more detail, food texture represents one of the first therapeutic
targets aimed at improving the safety and effectiveness of oral feeding and oral intake in
dysphagic patients [81].

In accordance with the International Dysphagia Diet Standardization Initiative (IDDSI)
framework [204], food texture can be categorized into eight different levels (0-7). The eight
levels included both liquids (ranging from level 0 to level 4) and solids (ranging from level
3 to level 7). Therefore, levels 3 and 4 are characterized by a cross-over of both fluids and
solids [204].

Based on these food texture levels, an IDDSI Functional Diet Scale [205] was introduced
to standardize the food texture prescription based on the patient’s characteristics. Despite
the great consensus received by the IDDSI worldwide, there is still a large heterogeneity of
standards of diet texture and fluid modifications in the different countries [156].

Functional training might provide long-term benefits in patients suffering from dys-
phagia, such as lingual resistance exercises, considering the recent evidence supporting
the strict relationship between sarcopenic dysphagia and tongue strength [206]. Given that
resistance exercise requires specific and progressive training, a multidisciplinary approach
should be provided, involving not only speech-language pathologists but also nurses,
caregivers, and the patients themselves [85]. Moreover, specific exercises such as “shaker
exercise” and “masako” (tongue hold) maneuver might improve swallowing physiology
promoting muscles mechanics and bolus flow [207]. In this context, a meta-analysis per-
formed by Carnaby-Mann et al. [208] assessed the effects of transcutaneous neuromuscular
electrical stimulations for swallowing muscles, underlining the benefits of this treatment in
improving swallowing performances. Moreover, strength deficits seem to be considered the
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main responsible for dysphagia in sarcopenic patients, suggesting intriguing implications
of this treatment in elderly patients [206].

Despite several studies [209-211] underlining the positive effects of swallowing muscle
training in swallowing function, dysphagia-related morbidities prevention and swallowing
physiology improvement, there are only a few low-quality studies [188,189,191,192] that
supported this rehabilitative intervention in patients with sarcopenic dysphagia.

Taken together, these findings highlight the effectiveness of a comprehensive oral re-
habilitation approach in dysphagic patients, suggesting positive implications in sarcopenic
dysphagia too. In contrast, there is still low evidence supporting oropharyngeal rehabilita-
tion in a specific cohort of patients suffering from sarcopenic dysphagia, emphasizing the
needing for clinical trials assessing this specific intervention in these patients.

8. Oral Health Management for Older Subjects

Populations across the world are ageing and the average life expectancy is rising in de-
veloped and developing countries [212]. On a global scale, the World Health Organization
identified oral health as a major public health problem [213,214]. Among the oral diseases,
caries and periodontal diseases are the most prevalent ones, even because the damage due
to both periodontitis and caries is quite irreversible and so cumulative over the lifetime.
Moreover, aging might affect both diseases directly, through aging of the immune system as
well as impaired wound healing, and indirectly via physical and cognitive impairment as
well as reduced access to care [215,216]. Indeed, the age-related decline in terms of physical
performance and cognitive functions could influence older people’s ability to carry out an
adequate oral hygiene, with a consequent higher prevalence of oral diseases (e.g., periodon-
tal disease, caries, and oral mucosal inflammation) [129,217-219]. Moreovet, as previously
underlined, oral health status might be strictly linked to dysphagia and malnutrition with
detrimental consequences in terms of the overall well-being of older adults.

In the literature, cognitive disorders have received growing attention for their possible
link to oral diseases. In this context, studies have examined the effect of lower cognitive
abilities on periodontal health, showing that reduced number of teeth, augmented alveolar
bone loss, and increased pocket depth were associated with cognitive impairment [220,221].
If untreated, caries and periodontal diseases could lead to tooth loss, edentulism, reduction
of the lower third of the face, poor esthetics, phonetic problems, loss of masticatory func-
tion, poor nutrition status, as well as loss of self-esteem, and reduced HRQoL [222,223].
Therefore, the treatment of caries, periodontitis, and replacement of teeth lost are the most
used among the clinical approaches to improve masticatory function in older people and
consequently might reduce the risk of malnutrition.

More in detail, the periodontal treatment aims to reduce the bacterial deposits with a
reduction of the inflammatory response through the active therapy, which consists of full-mouth
scaling (FMS) and full-mouth disinfection [224]. The scaling techniques allow the debridement
of bacterial deposits coating the surface of the root, deep within the periodontal pocket. In
addition, periodontal surgery is used when the depth of the periodontal pockets prevents
adequate access for debridement. After causal therapy, a supportive periodontal therapy is
employed to reduce the probability that the disease will flare up again, thus maintaining teeth
without pain, excessive mobility, or persistent infection [225-227]. According to the American
Academy of Periodontology, supportive periodontal therapy should include a periodontal
re-evaluation and risk assessment, supragingival and subgingival removal of bacterial plaque
and calculus, and re-treatment of any sites showing recurrent or persistent disease [225].

Frail and complex care needs elderly people suffered the most from oral dryness, which
could lead to rapidly progressing caries and oral infections [113,228]. In this context, pa-
tients with xerostomia should be adequately treated to reduce dysgeusia, halitosis, burning
mouth, oral pain, difficulty in chewing and swallowing, and speech impairment [120,121].
Salivary stimulation by means of systemic pharmacotherapies, such as pilocarpine, might
be appropriate for use by patients with some degree of salivary gland function [115].
However, whereas the stimulation of saliva production could be effective, these drugs
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are associated with adverse effects and might be contraindicated in patients with existing
chronic respiratory, cardiovascular and renal disease [229,230] in patients in whom drug
therapy is contraindicated, non-pharmacological interventions, such as electrostimulation
of the salivary glands, acupuncture or the application of low level laser therapy, have the
potential to increase saliva production especially in patients with some residual salivary
gland function [231].

The main goal of treatment of patients with co-morbidities or contraindications to phar-
macological therapies remains the reduction of clinical symptoms to provide a short-term
relief during daily hours [230]. Thus, the common therapy involves the topical application
of salivary substitutes [231] or artificial saliva [232], including carboxymethylcellulose [233],
herbal powder of Alcea digitata, and Malva sylvestris [234], and immunologically active
saliva substitutes [235].

Replacement of teeth lost is conventionally addressed by replacing multiple missing
teeth with prosthetic dental elements. Through the aid of partial or complete prosthesis
(removable or fixed) it is possible to restore missing dental elements, both in patients who
have the loss of some dental elements and in edentulous patients [236]. Techniques for
replacing one or more missing teeth are removable dental prostheses, tooth and tooth-
tissue supported, and fixed dental prostheses, tooth supported [237]. The use of complete
removable dentures might induce clinical manifestations, such as stomatitis, traumatic
ulcers, irritation-induced hyperplasia, and altered taste perception [237]. In this context,
the implant-retained prostheses represent the new approach and a long-term therapeutic
solution [238]. It is shown that prosthetic treatments could provide a better oral HRQoL in
edentulous patients, and that the fixed implant-supported prostheses might also improve
the patient satisfaction better than complete removable dentures treatment. These intrigu-
ing results might promote a significant improvement of masticatory function with possible
implications in terms of oral intake and risk of malnutrition in older people.

It is important to highlight that the geriatric management should provide an inter-
disciplinary diagnostic and therapeutic process aimed at determining the psychophysical
and functional problems of older people. Despite the significant progress in dental science
and oral health prevention in recent years, chronic oral diseases are still common in older
people [35].

Moreover, in geriatric subjects with serious illnesses and functional dependency, oral
health problems are often underdiagnosed and untreated [239,240]. Increasing evidence
also reveals significant interactions between oral health and general health that are unidi-
rectional and often bidirectional [127,129,130,241,242]. It has been hypothesized that a strict
correlation between oral health and quality of life, as reported by Hoeksema et al. [3] while
assessing the oral health in community-living elderly, demonstrated that general health
and HRQoL were higher in older people with remaining teeth and implant-supported
dentures than the edentulous ones. Indeed, edentulous individuals with up to one denture
were associated with higher risk of malnutrition, whereas in edentulous older persons with
two complete dentures, a better nutritional status was observed [243].

Therefore, given that poor oral health has been recently identified as a determinant
for malnutrition and sarcopenia [103], an adequate dental and oral screening might play
a key role in a comprehensive management of older patients. Moreover, as suggested by
the European Policy Recommendations on Oral Health in Older Adults [244], an adequate
patient-tailored oral health rehabilitation program is crucial to prevent not only oral diseases
but also malnutrition, particularly in the older people at high risk of sarcopenic dysphagia.

9. Study Limitations

We are aware that this study is not free from limitations. In particular, the narrative
design severely limits the strength of the study results. However, it should be noted
that considering the heterogeneity of pathological conditions and treatment assessed a
systematic review was not possible according to the Cochrane Handbook for Systematic
Review of Intervention (Ver, 6.1, 2020) [245].
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10. Conclusions and Future Perspectives

This comprehensive review showed that there is a negative bond among sarcopenic
dysphagia, malnutrition, and oral frailty in older people. These conditions share several
risk factors some phenotypically overlapping features and should be adequately assessed
and treated, particularly in the elderly.

A specific screening for sarcopenic dysphagia might be introduced in routine clinical
practice for high-risk patients to promote early rehabilitative interventions preventing
health-related consequences. Tailored treatment based on patient’s characteristics should
be proposed aiming at targeting not only sarcopenic dysphagia consequences but also
the etiological causes including oral frailty, malnutrition, and sarcopenia. Moreover, a
comprehensive intervention should be proposed to promote the synergic effects of different
therapies in frail elderly subjects.

Therefore, an adequate management of older people should include oropharyngeal
rehabilitation, oral health treatment, and nutritional supplementation to counteract the
age-related functional decline and to improve the quality of life.

Despite these considerations, future studies are warranted to provide strong evidence
supporting a transdisciplinary approach to sarcopenic dysphagic elderly patients.
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