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Abstract

Background: To investigate whether cognitive impairment in elderly patients could correlate with the severity of swallowing
disorders detectable through the endoscopic fiber optic evaluation. Methods: Elderly patients (265 years) performing a
swallowing evaluation were included and divided according to the Dysphagia outcome and severity scale (DOSS). Neurological
evaluation and Mini-Mental test examination (MMET) were administered to detect cognitive impairment. Results: Significantly
worse swallowing function was reported in the cognitive impairment group than the control one (40% vs 19%; P = .001). A
different significant distribution of swallowing performance was detected according to the patient’'s MMET score (P <.001; P <
.001; P = .0l). At the ANOVA test among dependent variables assessed, only age>65 and MMET<I10 were significantly
correlated with swallowing function (F = 3.862, P = .028; F = 17.49, P = .000). Conclusions: The elderly patient has an increased
risk for unrecognized swallowing disorders, with a prevalence of mild to moderate forms. Assessment of cognitive performance
could facilitate the identification of swallowing disorders by providing a higher level of suspicion for silent aspiration in subjects
with poor MMET scores.
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Introduction

Geriatric dysphagia is a disease frequently misunderstood,
with symptoms often blurred. In addition, the dysphagia
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prevalence varies according to age, estimated at 15% in
subjects over 65, while it exceeds 30% over 80 years old.'”

The elderly patient commonly presents a reduced swal-
lowing reserve, a paraphysiological condition defined as
presbyphagia.*

Aging through central and peripheral mechanisms involves
a reduced muscle tone and a sensorineural defect of taste and
smell.%’

However, if elderly subjects without further comorbidities
do not necessarily correlate with the genesis of swallowing
disorders, cognitive deficits could favor dysphagia onset.®'°
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Referral to our ENT Unit for
coughing, choking and throat
clearing

Y Exclusion Criteria

- age <65 years

- known dysphagia

- previous pneumonia

- neurological disease

- head and neck surgery
- chemoradiotherapy

Assessment of eligibility
according inclusion and
exclusion criteria

Excluded
no met criteria n=18
refused to partecipate n=5

Mini-Mental State
Examination

Group A (n=50)
Cognitive Impairment

Group B (n=47)
Healthy patients

DOS Scale

l

Comparison of Swallowing
QOutcomes according to

Cognitive Performance

Figure |. Flow Chart study design.

Indeed, elderly patients with cognitive impairment seem to
have an increased risk of swallowing disorders, frequently
involving the oropharyngeal phase.'""'? However, this topic is
low investigated in the literature.

As discussed by Alagiakrishnan et al., dysphagia preva-
lence differs according to the cognitive impairment subtypes
and the onset timing of the cognitive disease."’

Recently, Michel et al. hypothesized that buccofacial
apraxia in elderly patients with neurodegenerative diseases as
Alzheimer’s disease or frontotemporal cognitive impairment
might contribute to oropharyngeal dysphagia disorders.'*

To confirm limited evidence reported in the literature, we
carried out a case-control study to evaluate the possible
correlation between cognitive impairment and oropharyngeal
dysphagia in elderly subjects.

Materials and Methods

We performed a retrospective study at the ENT Unit of the
University Hospital of Catania from 2010 to 2020. We

followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE). We initially considered
for the study inclusion elderly patients (=65 years) sent to our
ENT Unit to perform a swallowing evaluation. The study
design is summarized in Figure 1.

All subjects were outpatients reporting choking or throat
clearing symptoms after eating, coughing, and difficulty
swallowing certain foods.

Patients with the following features were excluded from the
study:

- Age <65 years;

- Patients with a previously diagnosed dysphagia;

- Previous pneumonia;

- Subjects with a clinical history positive for several
neurological diseases such as stroke, Alzheimer’s, or
Parkinson’s disease, myopathy, myasthenia gravis,
amyotrophic lateral sclerosis, or brain-stem lesions;

- Previous head and neck surgery or chemoradiation
treatment.

The first phase of the study involved a neurological
evaluation of all patients considered to diagnose cog-
nitive impairment. Subsequently, subjects underwent
swallowing assessment through history, clinical exam-
ination, and fiberoptic swallowing evaluation (FEES).
Diagnosis of cognitive impairment was made with a
neurological evaluation and a Mini-Mental test exami-
nation (MMET).

Cognitive Assessment With MMET

The MMET is a 30-point test usually administered to measure
thinking ability and evaluates patients’ cognitive impairment
risk.'”” The test consists of thirty items referring to seven
different cognitive areas: orientation over time and in space,
words recording, attention and calculation, re-enactment,
language, and constructive praxia. We administered the val-
idated Italian version.'®

According to the MMET score, patients were divided into
the following groups:

- Normal status, MMET score >23—mild cognitive
impairment, MMET score from 23 to 20—moderate
cognitive impairment, MMET ranging from 19 to
11—severe cognitive impairment, MMET score <11.

After the MMET evaluation, we divided the patients into
two different groups:

- Group A, patients diagnosed with cognitive impairment
under the results of the MMET—Group B or control,
made up of elderly patients without cognitive impair-
ment at the initial assessment.
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Table 1. Dysphagia outcome and severity scale.

Full per-oral nutrition (P.O): Normal diet

Level 7: Normal in all situations
No strategies or extra time needed
Level 6: Within functional limits/modified independence

Mild oral or pharyngeal delay, retention or trace epiglottal undercoating but independently and spontaneously compensates/clears

Need extra time for the meal
Have no aspiration or penetration across consistencies
Full P.O: Modified diet and/or independence

Level 5: Mild dysphagia: Distant supervision, may need one diet consistency restricted
Aspiration of thin liquids only but with strong reflexive cough to clear completely
Airway penetration midway to cords with one or more consistency or cords with one consistency but clears spontaneously

Retention in the pharynx that is cleared spontaneously

Mild oral dysphagia with reduced mastication and/or oral retention that is cleared spontaneously
Level 4: Mild-moderate dysphagia: Intermittent supervision/cueing, one or two consistencies restricted

Retention in pharynx cleared with cue
Retention in the oral cavity that is cleared with cue

Aspiration with one consistency, with weak or no reflexive cough

Or airway penetration to the level of the vocal cords with cough with two consistencies
Or airway penetration to the level of the vocal cords without cough with one consistency
Level 3: Moderate dysphagia: Total assist, supervision, or strategies, two or more diet consistencies restricted

Moderate retention in the pharynx, cleared with cue
Moderate retention in the oral cavity, cleared with cue

Airway penetration to the level of the vocal cords without cough with two or more consistencies
Or aspiration with two consistencies, with weak or no reflexive cough
Or aspiration with one consistency, no cough and airway penetration to cords with one, no cough

Nonoral nutrition necessary

Level 2: Moderately severe dysphagia: Maximum assistance or use of strategies with partial P.O. only (tolerates at least one consistency safely

with total use of strategies)

Severe retention in the pharynx, unable to clear or needs multiple cues

Severe oral stage bolus loss or retention, unable to clear or needs multiple cues

Aspiration with two or more consistencies, no reflexive cough, weak volitional cough

Or aspiration with one or more consistency, no cough and airway penetration to cords with one or more consistency, no cough

Level I: Severe dysphagia: NPO: Unable to tolerate any P.O. safely

Severe retention in the pharynx, unable to clear
Severe oral stage bolus loss or retention, unable to clear

Silent aspiration with two or more consistencies, nonfunctional volitional cough

Or unable to achieve swallow

Swallowing Assessment

Oropharyngeal dysphagia was established by irregular
swallowing physiology estimated by a clinical, bedside
screening test, and consequently confirmed by FEES as-
sessment in all patients included in this study. Oropharyngeal
dysphagia screening was performed by a trained Speech-
Language—Pathologist (SLP) through a clinical evaluation of
the patient’s features before and after water intake. Thus,
bedside examination was performed via the dysphagia risk
score (DRS).!” Consequently, two different otolaryngologists
experienced in the swallowing evaluation assessed dysphagia
severity through flexible endoscopic swallowing evaluation
(FEES) (C.S., G.A).

Each procedure was video-recorded to facilitate the in-
terpretation (Olympus Corporation,Japan). To assess swal-
lowing function, we used the Dysphagia Outcome Severity
Scale (DOSS)."® DOSS is a 7-point scale developed to rate the

dysphagia severity during video-fluoroscopy and suggest diet
recommendations; however, several literature studies also
validated the DOSS reliability for FEES (Table 1). According
to DOSS outcomes, patients were subsequently divided into
different swallowing classes, from Stage 7 considered normal
alimentation to Stage 1 that identifies patients with severe
dysphagia and no possible oral food intake.

Flexible Endoscopic Swallowing Evaluation Protocol

Participants were offered three tests of thin liquid and three
tests of thick liquid. In each test, we administered 10 cc of
water with thin liquid and 10 cc with thick liquid of aquagel
(Nestleé Nutricia Nutilis®), dyed with Methylene Blue for food.
The hard and soft solid textures were evaluated in the absence
of signs of dysphagia with thin or dense liquids. We rated
solids ingestion with a banana as a soft food and a cracker as a
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Table 2. Main demographics features of both groups included, * DOSS level comparison, swallowing disorder prevalence was higher in

cognitive group (normal vs dysphagic; P-value = .001).

Cognitive Impairment
Group (n=50)

Control Group (n=47)

n % N %
— — P-value
Age
<75 years 39 78% 42 89% 21
>75 years I 22% 5 1%
Gender
Male 26 52% 30 64% .08
Female 24 48% 17 36%
Marital status
Yes 39 78% 37 79% .86
No I 22% 10 21%
MMET
Mild 2 4%
Moderate 40 80%
Severe 8 16%
DOSS
Normal 30 60% 38 81% *001
Mild 14 28% 7 15%
Moderate 6 12% 2 4%

hard one. The same food consistencies were administered in
all patients analyzed.

Statistical Analysis And Data Comparison

Data analysis was performed using IBM SPSS Statistics for
Windows, IBM Corp Released 2017, Version 25.0. Armonk,
NY: IBM Corp. Descriptive statistics were reported on av-
erage +standard deviation or proportion. The t-test for paired
samples was used to determine the difference between ob-
servations for normally distributed data. The Mann—Whitney
U test was performed to analyze group differences for con-
tinuous skewed data.

The ANOVA test assessed the differences in MMET and
DOSS levels between the groups. Moreover, we also evalu-
ated the different dependent variables such as age, sex, and
marital status that could influence the swallowing function of
the patients enrolled.

Linear regression was used to estimate the linear rela-
tionship between a dependent and an independent variable.
The ethics committee approved our study protocol. Partici-
pants were informed and gave written informed consent of the
study’s purpose and procedures, which were conducted ac-
cording to the Declaration of Helsinki.

Results

During the selection process, 18 patients no met the criteria
established, while 5 patients refused to participate. Thus, 97

patients (56 men, 41 women) with a mean age of 69.07 £4.12
were enrolled in the study. According to the MMET results, 50
patients were considered into the cognitive impairment
group while 47 were in the group of normal elderly subjects.
Demographics features of both groups are summarized in
Table 2.

In patients with cognitive impairment, the mean MMET
score was 14.6 + 3.6 (range 6-21), while the control group
reported a mean score of 26.2 £ 1.4 (range 24-29) with a
significant difference between groups (P <.001). Patients with
cognitive impairment on MMET presented the following
severity score distribution: 2 (4%) mild, 40 (80%) moderate,
and 8 (16%) severe.

The cognitive impairment group reported a significantly
higher rate of swallowing disorders than controls (40% vs
19%; P = .001). Furthermore, when comparing DOSS out-
comes, among patients in the cognitive group were identified
30 (60%) healthy subjects, 14 (28%) mild dysphagia, and 6
(12%) moderate; instead, in the control group, we found 38
(81%) healthy subjects, 7 (15%) mild dysphagia, and 2 (4%)
moderate.

Furthermore, patients with cognitive impairment sub-
divided according to swallowing functions demonstrated
statistically significant differences in MMET scores (P <.001;
P <.001; P=.01) (Figure 2A).

On the contrary, in the control group of healthy elderly
patients, no significant differences in MMET scores were
reported according to the swallowing performances subgroups
(P=.27, P=.73; P=.77) (Figure 2B).
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Figure 2. a) Box plot according Mini-Mental test examination (MMET) and Dysphagia Outcome Severity Scale (DOSS) outcomes in cognitive
impairment group found statistical difference among levels (P <.001; P<.001; P=.01). b) Box plot according MMET scores and DOSS levels
in control group. No statistical significance was recorded among different subgroups (P = .27; P = .73; P = .77).
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Figure 3. Linear regression model comparing MMET and DOSS. A significant correlation was found between the two parameters, with
better swallowing function in patients with higher MMET scores (P<.001).

At ANOVA test among patients with cognitive impairment
age>75 and MMET<10 were significant dependent variables
(F=3.862, P = .028; F=17.49, P = .000). Other factors as
marital status or gender were not significantly associated with
dysphagia severity (P > .05 for all). Instead, among the control
group, marital status was found significantly associated with
swallowing disorders (F=4.722, P = .014).

Moreover, a linear correlation was found in the presence of
cognitive impairment, with better swallowing function in
aPatient With Higher MMET Scores (P < .001) (Figure 3)

Discussion

Elderly patients have a physiological reduction in muscle
mass, including that critical for chewing and swallowing,

affecting the ability to manage fluids and increasing the risk of
aspiration.'®?! Swallowing disorders in older subjects are
frequent and often result from the higher prevalence of chronic
diseases or part of the so-called geriatric syndrome.** Shi-
mazaki et al. demonstrated poor swallowing function in over
60% of prefrail and frail older patients (OR = 6.4; OR =10.2,
respectively).”> Besides, as demonstrated by de Lima Al-
varenga et al., within a healthy population, some elderly
subjects may suffer from swallowing disorders.* Interest-
ingly, the authors reported at fiber optic endoscopic swal-
lowing evaluation a pharyngeal residue in 39% (CI 29.4-48.6),
laryngeal penetration in 9% (CI 3.4-14.6) up to laryngeal
tracheal aspiration in 2% of the subjects enrolled (CI 0-4.7).
Moreover, aging interacts in multiple swallowing processes,
from the first oral phase with a reduced muscle activity of the
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tongue, the delay in the swallowing reflex triggered by
pressure at the faucial’s pillars up to the gradual sensorineural
loss of taste and smell.”> The physiological swallowing
function also requires an adequate cognitive awareness,
characterized by the visual recognition of the food, the
planning, and the subsequent triggering of the swallowing
act.”® Consequently, the cognitive decline might play a role in
the dysphagia genesis of elderly patients, frequently associ-
ating with poor nutritional status and increased aspiration
pneumonia risk.>” However, the correlation between dys-
phagia and cognitive impairment remains debated, and in-
sufficient data are reported in the literature.® "

In this regard, Park et al. found in 395 older adults ranging
from 65 to 103 years old a dysphagia prevalence rate of 52.7%
(208), with 41.1% (162) patients at high risk while 11.6% (46)
moderate.

Later, Maeda et al. reported that the Mini-Mental State
Examination score had no impact on hospital-associated
dysphagia (beta = .063, P = .378) in a retrospective study
on 249 geriatric patients.?’

In contrast, our study demonstrated a linear correlation
between mild to moderate oropharyngeal dysphagia and
cognitive impairment, with worse swallowing function when
the MMET scores were lower (Figure 2A) (P < .001).

According to our results, Yatabe et al. noted in both
dentulous and edentulous patients with higher MMET scores a
significantly lower probability of risk of dysphagia (OR = .87,
95% CI = .80-.96; OR = .92, 95% CI = .83-1.00 respec-
tively).”® The correlation between oropharyngeal dysphagia
and the degree of cognitive impairment has been investigated
by Michel et al.'* The authors demonstrated that patients with
buccofacial apraxia presented both more frequent oropha-
ryngeal dysphagia (P = .04) and a significantly lower MMET
score (P = .01) than the control group.

Differently, other authors reported that in hospitalized
patients undergoing rehabilitation with dysphagia, the severity
of cognitive impairment at the Mini-Mental State Examination
had no impact. The cognitive decline also removes all of these
mechanisms, often frequent in dysphagia patients trying to
adapt to reduced swallowing reserves, such as changing food
quality or reducing food during meals.?’® Additionally, the
cognitively impaired patient may not be aware but exhibit
significant in-direct signs of dysphagia, such as an irritating
cough, choking, or clearing.

Numerous additional agents in the literature are expressed
as to potential determinants of swallowing disorders’ severity.
Szu et al. in 2017 analyzing the determinants of dysphagia in
stroke patients, identified as significant factors age, marital
status, stroke site, and cognitive status (MMET).3 ' Con-
versely, our study found marital status or gender not signif-
icantly associated with dysphagia severity in elderly patients
(P > .05 for both).

The different significance of the reported dependent var-
iables might be due to numerous confounding factors in the

study protocols, inadequate patient selection criteria, small
study samples, and low-evidence study design.

As described in the literature, elderly patients exhibit an
increased risk for unrecognized swallowing disorders, with a
prevalence of mild to moderate forms. Furthermore, this risk
may be associated with poor cognitive performance, as re-
ported by our study. Yet, the main limitation of our investi-
gation is precisely due to the challenging identification and
missing assessment silent dysphagia subjects. Therefore, it
would be necessary to establish new evaluation protocols and
diagnostic algorithms by integrating FEES as a first-line
method.

Another obvious limitation is the use of WST to rule out
overt aspiration, not offering sufficient screening accuracy.
An interesting metaanalysis carried out by Brodsky et al.
suggested that individual sips may improve the WST effi-
cacy, especially when clinical signs of aspiration are pres-
ent.>” Moreover, the combination of the airway with the
vocal response could enhance the diagnostic precision of
WST.

An additional procedural limit may be inherent in choosing
the best tracer in the evaluation by FESS. As performed in our
study, the use of boluses of water colored with blue dye could
sometimes make it difficult to identify thin liquid dysphagia
on FEES. Indeed, blue water may only appear in the presence
of copious amounts on the vocal cords, reducing the effec-
tiveness of endoscopic evaluation.

Conclusions

Elderly patients have a high risk of mild to moderate dys-
phagia. As assessed by MMET scores, impaired cognitive
function may be related to unrecognized swallowing disor-
ders, with a prevalence of mild to moderate forms. Greater
clinical awareness must be provided in subtle dysphagia
symptoms, especially if related to impaired cognitive func-
tions. Therefore, assessing cognitive performance through
MMET could be a useful tool for clinicians and geriatricians to
direct patients to in-depth diagnostic and swallowing
evaluation.
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