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ABSTRACT

outcomes related to them.

among elderly.

Background: Human aging involves a series of changes in different body systems, that result in
progressive loss of function. Sarcopenia and dysphagia are common in elderly with several health

Objective: To study the association between sarcopenia and swallowing disorders among elderly.
Methods: A cross sectional study included 70 participants aged 60 or above, who were attended to
Ain Shams University Hospitals from April to October 2023, collected by simple random sampling.
Exclusion criteria were patients with impaired consciousness, stroke, parkinsonism, late dementia,
or musculoskeletal, neurological, rheumatological disorders or hand deformity that prevented them
to do the test. Sarcopenia was evaluated by skeletal muscle index and hand grip strength & defined
as presence of both decreased muscle mass and impaired muscle function (strength or performance),
swallowing ability was evaluated by Eating Assessment Tool (EAT-10) and Yale swallow protocol.
Nutritional, functional status and comorbidities were assessed. Sensitivity, specificity, and
diagnostic accuracy of EAT-10 & its association with sarcopenia were evaluated.

Results: Out of 70 participants 53 were found to be sarcopenic, 66% of sarcopenic participants were
found to have dysphagia by EAT-10, and 30.2% had dysphagia by Yale swallow, EAT-10 was found
to have 94.12% sensitivity, 83.02% specificity at cutoff point >5 with area under curve= 0.89 to
detect dysphagia by Yale swallow protocol. Low skeletal muscle index was the strongest potential
indicator of dysphagia by multivariate analysis.

Conclusion: Current study provides evidence for association between sarcopenia and dysphagia

Key words: Sarcopenia—Swallowing disorders—elderly—EAT-10—Yale swallow.

INTRODUCTION

A progressive decrease of skeletal muscle mass,
strength, and physical performance is referred
to as a clinical syndrome called sarcopenia.
After the age of 30, muscle mass starts to
decline at a rate of 3—8% every decade, and
after 70 years of age, this decline increases to
15%.

In 1989, Irwin Rosenberg proposed the term
‘sarcopenia’ (Greek ‘sarx’ or flesh + ‘penia’ or
loss) to describe this age-related decrease of
muscle mass. 1

The diagnosis of sarcopenia should be made
based on the presence of both decreased
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muscle mass and impaired muscle function
(strength or performance), according to the
European Working Group on Sarcopenia in
Older People (EWGSOP). Two criteria are
used since the relationship between strength
and mass is nonlinear and muscle strength is
not only dependent on muscle mass. [“0/3114]
Elderly people with sarcopenia have been
exposed to a few un-favorable health outcomes,
including higher rates of death, morbidity, and
prolonged hospital stays. [/

Swallowing disorders have been considered as
a growing health concern for the elderly, being
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a major cause of malnutrition, dehydration,
aspiration pneumonia or even death due to
asphyxiation.!

Given that older adults with sarcopenia may
exhibit a loss of muscle mass and strength in
both generalized skeletal muscles and
swallowing-related muscles, the combination of
sarcopenia and dysphagia has garnered
significant attention in the scientific literature
recently.[%]

OBJECTIVE

To study the association between sarcopenia
and swallowing disorders among elderly.

METHODS

A cross sectional study was conducted in Ain
Shams University Hospitals from April 2023 to
October 2023. It involved 70 participants, who
were admitted to Ain Shams University
Hospitals (ASUHs) or were interviewed at the
hospital clinic at the time of the study. The
study included participants aged 60 or above
years old, males or females, who were willing
to participate in the study, collected by simple
random sampling. The exclusion criteria were
patients with impaired consciousness or who
were uncooperative enough to participate in
the study, patients diagnosed with stroke,
parkinsonism, late dementia, or had
musculoskeletal, neurological, rheumatological
disorders or had hand deformity that prevented
them to do the test.

Data collected regarding the study participants
were sociodemographic characteristics,
anthropometric measurements including the
body mass index (BMI) (body weight [kg]
divided by height [m] squared). Mid Upper
Arm Circumference (MUAC) in (cm), and the
Mini Nutritional Assessment Short Form
(MNA-SF) #1421 3 validated nutritional
screening tool with an ordinal scale ranging
from O to 14, was utilized as indicator of
nutritional status. Malnutrition, risk of
malnutrition, and normal nutritional status are
indicated by scores of 0—7, 811, and 12—14,
respectively. The Mini Mental State
Examination (MMSE) 3], which ranges from
0 (the most severe) to 30 (normal), is a
measure of global cognitive function. The
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activity of daily living (ADL) *#! and
instrumental activity of daily living (IADL)
as a measure of physical activity, ADL scale
from 0 to 6, and IADL scale from 0 to 8,
subjects are given categorization as
independent, assisted, or dependent.
Depression screening by Geriatric Depression
Scale (GDS) 61 score greater than 5 suggests
depression. Comorbidities assessment by
Charlson comorbidity index ), participants
were categorized to have mild (1-2), moderate
(3-4) and severe >=5 prognostic comorbidity
index. The skeletal muscle mass was evaluated
by the skeletal muscle index (SMI), which was
calculated as total skeletal muscle mass
(SMM), in kilogram, obtained by bioelectrical
impedance analysis (BIA) 8] (Ultra life
digital scale), which measures body
composition, divided by height in meter
squared (m2). The cut off points for muscle
mass, which are based on a total skeletal
muscle mass index (TSMMI), will be <
8.5Kg/m? for severe sarcopenia in men and
<5.75kg/m? for severe sarcopenia in women,
as well as <10.75kg/m? for moderately reduced
muscle mass in men and <6.75kg/m? for
moderately reduced muscle mass in women.
Handheld dynamometer [*! (Jamar Hydraulic
hand dynamometer; 5030J1, USA), a hand-
grip test instrument, was used to evaluate
muscle strength which is measured in
kilograms. Low muscle strength was defined
as hand grip strength less than 30 kg in men
and 20 kg in women. With the use of a 10-item
Eating Assessment Tool (EAT-10) ),
swallowing ability was assessed. This short
questionnaire asks about the exact symptoms
of dysphagia. It is formed of ten items, and
each one is rated from 0 (no difficulty) to 4.
(Severe problem). A total score of 3 or more is
defined as abnormal swallowing function. The
Yale swallow protocol P!, an easily given,
reliable, and validated swallow screening tool,
including a 3-ounce water swallow challenge,
a quick cognitive assessment, and an oral
mechanism examination. The test indicates to
continuously drink 3 ounces (90 cc) of water
straight out of a cup. Coughing during or up to
one minute after finishing the task or a moist,
hoarse voice quality after swallowing
suggested failure to pass the test that needed to

[45]
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be referred for objective dysphagia testing.
Passing this protocol permitted successful,
appropriate, and timely oral diet
recommendations to be made without the need
for further objective dysphagia testing for the
vast majority of hospitalized patients
regardless of their admitting diagnoses.

Data were gathered via simple random
sampling of patients who were either admitted
to ASUHs or interviewed at the hospital clinic
following the approval of the study
methodology by the Research Review Board
and the MASRI ethical committee of the
Department of Geriatrics and Gerontology
Medicine, Faculty of Medicine, Ain Shams
University.  Participants’  privacy  and
confidentiality were guaranteed.

Data were collected, revised, coded and entered
to the Statistical Package for Social Science
(IBM SPSS) version 27. The quantitative data
were presented as mean, standard deviations
and ranges when parametric and median, inter-
quartile range (IQR) when data found non-
parametric. Also, qualitative variables were
presented as number and percentages. The
comparison  between  groups regarding
qualitative data was done by using Chi-square
test and/or Fisher exact test when the expected
count in any cell found less than 5. The
comparison between two independent groups
with  quantitative data and parametric
distribution was done by using Independent t-
test while with nonparametric distribution were
done by using Mann-Whitney test. Spearman
correlation coefficients were used to assess the
correlation  between  two  quantitative
parameters in the same group. Receiver
operating characteristic curve (ROC) was used
to assess the best cut off point with its
sensitivity, specificity, positive predictive
value, negative predictive value and area under
curve (AUC) of the studied marker. Uni-variate
and Multivariate logistic regression analysis
was used to assess predictors with their odds
ratio (OR) and 95% CI. The confidence interval
was set to 95%. So, the p-value was considered
significant at the level of <0.05.
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RESULTS

A total of 70 elderly participants who were
admitted to Ain Shams University Hospitals or
interviewed at the hospital clinic during the
study were included. Table (1) summarizes the
sociodemographic characteristics of all 70
individuals. The mean age of the participants
was 72.13 £ 6.90, 52.9% were men. As regards
the medical history of the participants, 15.7%
were smokers and 71.4% were non-smokers,
42.9% were diabetics, 62.9% were
hypertensives, DM and HTN were the most
frequent diseases. 95.7% of the study subjects
were receiving medications, 54.3% were on
one medication.

As regards Geriatric syndromes (cognitive
impairment, falls, incontinence, and
depression) 60.0% of the participants didn’t
experience any of these syndromes, 34.3% had
only one syndrome, the most frequent was fall
(25.7%).

In the current study, dementia was excluded
by MMSE, 51.4% of the participants were
malnourished, functional status represented by
ADL median 6 and IQR from 4 to 6 and by
IADL median 5 and IQR from 3 to 8. It also
shows that 15.7% of the participants showed
positive screening for depression by GDS.
Table (2) shows that the mean skeletal muscle
mass (SMM) (kg) of the participants was 18.71
+ 3.31 SD for males and 16.67 + 2.72 SD for
females, the mean SMI (skeletal muscle mass
divided by height square) (kg/m2) was 6.79 +
1.20 SD for males and 6.78 £ 1.21 SD for
females, mean muscle power of the
participants was 15.54 £ 6.71 SD for males
and 11.35 + 3.53 SD for females, mean muscle
rate (SMM adjusted to total body weight) was
0.34 + 0.03 SD for males and 0.27 + 0.04 SD
for females. The majority of the participants
(97.1%) had moderate or severe prognostic
comorbidity index which indicate poor
prognosis, only 2 patients (2.86%) had mild
prognostic comorbidity index. This table
illustrate that 57.1% of the participants had
altered swallowing ability by EAT-10
assessment, while only 24.3% of the
participants were found to have altered
swallow by Yale swallow protocol assessment.
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Table (3) shows that 62.3% of the sarcopenic
participants were males with a highly
statistically significant difference with females
with P-value =0.005. As regards
anthropometric measures, there was high
statistically significant association between
lower body mass index and sarcopenia. It also
shows that 60.4% of the participants were
retired with statistically significant association
with sarcopenia.

In this study 24.5% of the sarcopenic
participants had heart failure, and there is
statistically significant association between
sarcopenia and heart failure with P-
value=0.024. Among the study participants,
sarcopenic patients show statistically high
significant  association  with ~ Charlson
comorbidity index score and 98.1% of the
sarcopenic subjects had significant association
with moderate to severe prognostic comorbidity
index.

Table (4) shows sarcopenic participants had
statistically high significant association with
altered swallowing ability by EAT-10
questionnaire and statistically significant
association with altered swallowing ability
evaluated by Yale swallow protocol.

In the current study, there is statistically
significant association between lower body
mass index (BMI) and altered swallowing
ability by EAT-10 assessment with p<0.036.
Other studied sociodemographic data were
statistically insignificant. There was no
statistically significant association between
altered swallowing by EAT-10 and any of the
studied medical history of the study
participants.

Table (5) shows that participants with altered
swallowing by EAT-10 assessment had
statistically significant association with lower
IADL score and had statistically significant
association with poor nutritional status
(malnourished) assessed by MNA-SF. Also, this
table shows that there is statistically highly
significant relation between assessment of
swallowing disorders by EAT-10 questionnaire
and Yale swallow protocol assessment with P-
value <0.001.

The ROC curve shows that the best cutoff point
for EAT-10 score to differentiate between
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patients with and without dysphagia according
to Yale Swallow protocol was found > 5 with
sensitivity of 94.12%, specificity 83.02% and
area under curve (AUC) of 0.893.

Table (6) The wunivariate logistic
regression analysis shows that all previous
significant factors were found to be statistically
significantly associated  with altered
swallowing function assessed by EAT-10
assessment, except for MNA score was not
significantly associated. and the multivariate
regression analysis shows that the most
important  indicators of the abnormal
swallowing function by EAT-10 are SMI and
MUAC.

The current study shows that there is
statistically significant association between
altered swallowing ability assessed by YALE
swallow protocol and lower BMI with P-value
= (0.035, and statistically significant association
with the height of the study participants with P-
value 0.046. Other studied sociodemographic
were statistically insignificant.

There was no any statistically significant
association between altered swallowing ability
assessed by YALE swallow protocol and the
medical history of the participants in the current
study.

Table (7) shows that there is statistically highly
significant association between lower IADL
score and altered swallowing ability assessed by
YALE swallow protocol, and had statistically
significant association with poor nutritional
status (malnourished) assessed by MNA-SF.
This table also shows that statistically highly
significant relation between high EAT-10
assessment and YALE swallow protocol.

Table (8) The univariate logistic regression
analysis shows that all previous significant
factors were found to be statistically
significantly ~ associated ~ with  altered
swallowing function assessed by YALE
swallow protocol, with highly significant
association with SMI. Also, the multivariate
logistic regression analysis shows that the most
important predictors associated with altered
swallowing ability by YALE swallow
assessment were SMI and EAT-10 score>5.
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Table (1): Sociodemographic characteristics and anthropometric measurements of the
articipants:

Total No. =70
Gender Male 37 (52.9%)
Female 33 (47.1%)
Age (Years) Mean + SD 72.13+£6.90
Range 60 — 95
Weight (kilogram) Mean + SD 58.97+11.71
Range 40-102.7
Height (meter) Mean + SD 1.62 +0.08
Range 1.45-1.86
BMI (kg/m2) Mean + SD 22.20+4.39
Range 16 —40.1
MUAC (cm) Mean + SD 2222 +£3.55
Range 17-38
Marital state Single 3 (4.3%)
Married 43 (61.4%)
Widow 22 (31.4%)
Divorced 2 (2.9%)
Education Illiterate 43 (61.4%)
Primary school 8 (11.4%)
Secondary school 7 (10.0%)
High education 12 (17.1%)
Occupation Retired 37 (52.9%)
Still working 3 (4.3%)
Were not working 30 (42.9%)
Income Satisfactory 49 (70.0%)
Unsatisfactory 21 (30.0%)
Living Alone 9 (12.9%)
With another person 61 (87.1%)

*BMI: body mass index, MUAC: mid upper arm circumference
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Table (2): Assessment of muscle mass, muscle power, swallowing disorders, and the prognostic

comorbidity index:

Total No. =70

Male no.=37, Female no.= 33
SMM (Kg)
Male Mean + SD (Range) 18.71 £3.31 (11 —24.9)
Female

16.67 £2.72 (12 - 22.1)

Assessment of muscle mass
(SMI) kg/m2
Male

Female

Mean + SD (Range)

6.79 + 1.20 (4.15 — 9.49)

6.78 £ 1.21 (4.93 — 9.99)

Assessment of muscle power
(hand grip) kg

Male

Female

Mean + SD (Range)

15.54 +6.71 (5 — 35)

11.35+3.53 (5 18.33)

Muscle rate
Male

Female

Mean + SD (Range)

0.34 +0.03(0.27 — 0.44)

0.27 + 0.04 (0.15 — 0.34)

Assessment of swallowing
disorders
By EAT-10 score

No problem <3
Altered swallowing>=3

30 (42.9%)
40 (57.1%)

By YALE swallow protocol

EAT score Median (IQR) 4(0-38)
Range 0-27

CClI score Median (IQR) 4(3-06)
Range 2-13

Prognostic comorbidity index Mild (1-2) 2 (2.9%)
Moderate (3-4) 35 (50.0%)
Severe >=5 33 (47.1%)

Assessment of swallowing Pass 53 (75.7%)

disorders Fail 17 (24.3%)

*SMM: skeletal muscle mass, SMI: skeletal muscle index, CCI: Charlson comorbidity index, EAT-

10: Eating Assessment Tool.
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Table (3): Relation between sarcopenia and sociodemographic characteristics and

anthropometric measurements of participants:

No Sarcopenia | Test P- Sig.
Sarcopenia value value
No.=17 No. =53
Gender Male 4 (23.5%) 33 (62.3%) | 7.750% 0.005 | HS
Female 13 (76.5%) 20 (37.7%)
Age Mean = SD 70.35+ 72.70 = -1.224- 0.225 | NS
(years) Range 6.97 6.85
61 -85 60 —95
Weight Mean = SD 64.61 £ 5717+ 2.353e 0.022 | S
(kg) Range 15.06 9.92
46 —102.7 40 —-81.2
Height Mean = SD 1.58 £0.08 1.63+0.08 | -2.422¢ 0.018 | S
(meter) Range 1.45-1.69 1.45-1.86
BMI Mean + SD 25.29 + 21.21+ 3.618e 0.001 | HS
(kg/m2) Range 5.95 3.24
20.1 —40.1 16 —31.25
Marital Single 1 (5.9%) 2 (3.8%) 1.717% 0.633 | NS
state Married 9 (52.9%) 34 (64.2%)
Widow 7 (41.2%) 15 (28.3%)
Divorced 0 (0.0%) 2 (3.8%)
Education | Illiterate 12 (70.6%) 31 (58.5%) | 3.690* 0.297 | NS
Primary school 1(5.9%) 7 (13.2%)
Secondary school | 0 (0.0%) 7 (13.2%)
High education 4 (23.5%) 8 (15.1%)
Occupation | Retired 5(29.4%) 32 (60.4%) | 6.601* 0.037 | S
Still working 2 (11.8%) 1(1.9%)
Not working 10 (58.8%) 20 (37.7%)
Income Satisfactory 13 36 (67.9%) | 0.448* 0.503 | NS
Unsatisfactory (76.5%) 4 17 (32.1%)
(23.5%)
Living Alone 3 (17.6%) 6 (11.3%) | 0.460 0.498 | NS
With another 14 (82.4%) 47 (88.7%)
person

BMI: body mass index

P-value > 0.05: Non- significant;, P-value < 0.05: Significant; P-value < 0.01: Highly significant *:

Chi-square test; °:
Independent t-test
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Table (4): Relation between sarcopenia and dysphagia:

Assessment
of
swallowing
disorders
by

EAT-10
assessment
Assessment
of
swallowing
disorders
by YALE
swallow
protocol

No problem <3

Altered
swallowing>=3

Pass

Fail

No
Sarcopenia
No.=17

12 (70.0%)
5 (29.4%)

16 (94.1%)

1 (5.9%)

Sarcopenia Test Pvalue Sig.
value

No. =53

18 (34%) 7.050*  0.008 = HS

35 (66%)

37 (69.8%) | 4.136* | 0.042 S

16 (30.2%)

EAT-10: Eating Assessment Tool.

Table (5): Relation between assessment of swallowing disorders by EAT-10 assessment and
functional, nutritional, depression, comorbidity index and swallowing disorders by YALE
swallow protocol:

No Altered Test Pvalue | Sig.
problem swallowing | value
No.=30 No.=40
ADL score Median (IQR) | 6 (4—-6) 6(4-6) -0.272% | 0.786 NS
Range 2-6 2-6
IADL score Median (IQR) | 7(3-18) 43-0) -2.117% | 0.034 S
Range 3-8 2-8
Nutrition 12-14=normal | 4 (13.3%) | 5(12.5%) 7.915% 0.019 S
assessment nutritional 16 9 (22.5%)
state (53.3%)
8-11 = at risk
of malnutrition
0-7= 10 26 (65%)
malnutrition (33.3%)
MNA score Median (IQR) [ 9(6-11) | 6.5(5.5- -1.710% | 0.087 NS
10)
Range 4-14 3-13
Assessment 1-4 = negative | 24 (80%) | 35 (87.5%) 0.728* 0.394 NS
of depression
>=5 = positive | 6 (20%) 5(12.5%)
Prognostic Mild (1-2) 0 (0%) 2 (5%) 2.128%* 0.345 NS
comorbidity Moderate (3-4) | 17 18 (45%)
index (56.7%)
Severe >=5 13 20 (50%)
(43.3%)
Assessment Pass 30 23 (57.5%) 16.840* | 0.000 HS
of swallowing | Fail (100%) 17 (42.5%)
disorders by 0 (0%)
Yale swallow
protocol

*MUAC: mid upper arm circumference, ADL: activity of daily living, IADL: instrumental activity

of daily living, MNA: mini nutritional assessment.

P>0.05: Non -significant (NS); P <0.05: Significant (S); P <0.01: Highly significant (HS)
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*: Chi-square test; *: Independent t-test; *: Mann-Whitney test

Figure (1): Receiver operating characteristic (ROC) curve for EAT-10 score to detect

swallowing disorders assessed by Yale score among the studied patients.
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Table (6): Univariate and multivariate logistic regression analysis for factors associated with

EAT 10 score:

Univariate Multivariate (Backward-Wald)
P-value Odds 95% C.I. for OR P-value OR 95% C.I. for OR

E?;li;)) Lower Upper Lower Upper
BMI < 18.59 kg/m2 | 0.040 5.310 1.079 26.135 - - - -
IADL<6 0.010 4.000 1.393 11.485 - - - -
MNA 0.061 1.954 0.970 3.934 - - - -
SMM < 18 kg 0.001 6.152 2.164 17.486 - - - -
SMI<6.39 kg/m2 | 0.000 12.176 3.165 46.852 0.004 7.847 1.916 32.135
MUAC <21 cm 0.001 6.667 2.219 20.028 0.032 3.747 1.118 12.554

MUAC: mid upper arm circumference, ADL: activity of daily living, IADL: instrumental activity of
daily living, MNA: mini nutritional assessment, SMM: skeletal muscle mass, SMI: skeletal muscle
index, BMI: body mass index.
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Table (7): Relation between assessment of swallowing disorders by YALE swallow protocol
assessment and functional, nutritional, depression, and comorbidity index:

Assessment of swallowing Test P- Sig.
disorders value value
Pass Fail
No. =53 No.=17
ADL score Median 6(5- 4(3- - 0.083 NS
(IQR) 6)2 - 6)2 - 1.733%
Range 6 6
IADL score Median 6(4- 3(3- -3.704% | 0.000 HS
(IQR) 8)3- 4)2—
Range 8 8
Nutrition assessment | 12-14= normal 9 (17%) 0 (0%) 9.114* | 0.010 S
nutritional state 22 (41.5%) 3(17.6%)
8-11 = at risk of
malnutrition
0-7 = malnutrition 22 (41.5%) 14 (82.4%)
MNA score Median 9(6- 6(5- -2.298% | 0.022 S
(IQR) 11)3 - 74—
Range 14 11
Assessment of 1-4 = negative 46 13 1.035* | 0.309 NS
depression >=5 = positive (86.8%) (76.5%)
7 4
(13.2%) (23.5%)
EAT score Median 20— 9 (8- -4.913% | 0.000 HS
(IQR) 5)0- 20) 3 -
Range 23 27
CClI score Median 43— 53- -0.721% | 0.471 NS
(IQR) 6)3 - 72 -
Range 13 8
Prognostic Mild (1-2) 1(1.9%) 1(5.9%) 1.229% | 0.541 NS
comorbidity index Moderate (3-4) 28 (52.8%) 7 (41.2%)
Severe >=5 24 (45.3%) 9 (52.9%)

ADL: activity of daily living, IADL: instrumental activity of daily living, MNA: mini nutritional
assessment, EAT: eating assessment tool, CCI: Charlson comorbidity index.
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Table (8): Univariate and multivariate logistic regression analysis to assess predictors of

swallowing disorders according to Yale swallow protocol:
Univariate Multivariate
P- Odds 95% C.I. for OR P-value | Odds 95% C.I. for OR
value | ratio ratio
L L
(OR) ower | Upper (OR) ower | Upper

BMI <= 18.59 kg/m2 0.010 | 5.483 1.515 19.849 - - - -
Fall 0.005 | 5.500 1.670 18.117 - - - -
IADL score <=5 0.003 | 24.381 3.004 197.893 | — - - -
MNA score <=7 0.007 | 6.576 1.685 25.656 - - - —
SMM <= 17.5 kg 0.002 | 8.351 2.127 32.781 - - - -
Assessment of 0.000 | 90.000 10.424 | 777.063 | 0.001 130.792 7.662 223.616
muscle mass <=
6.35 kg/m2
Assessment of 0.012 | 4.396 1.391 13.894 - - - -
muscle power <=
10 kg
MUAC <=20 ¢cm 0.048 | 3.134 1.011 9.714 - - - -
EAT score >5 0.000 | 78.222 9.169 667.346 | 0.001 114.521 6.642 197.704

IADL: instrumental activity of daily living, BMI: body mass index, MUAC: mid upper arm
circumference, EAT: eating assessment tool, SMM: skeletal muscle mass, MNA: mini nutritional

assessment.

DISCUSSION

The present study indicated that sarcopenia
was disproportionately common among men
compared with women (62.3 percent in men
versus 37.7 percent in women). This finding
was consistent with comparable conclusions
from other studies, including Pongchaiyakul,
et al, Gallagher and Delegge, et al., and Landi
etal., (71181 19]

Gallagher and Delegge, et al., 1! stated that
men are more likely to have sarcopenia than
women due to their higher rate of muscular
atrophy, which was supported by Gallagher et
al., '"'s findings of a greater absolute loss of
skeletal muscle mass in men than in women.
A study by Baumgartner et al. ' stated that
among people older than 80 years males
exhibited a higher prevalence of sarcopenia.
The mechanisms leading to absolute gender
differences in muscle reduction with
increasing age are unknown, although
hormonal factors are most likely involved
(growth hormone, sex steroids, and insulin like
growth factor).
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Malnourished older people are more likely to
develop sarcopenia due to decreased muscular
protein synthesis. Furthermore, poor dietary
protein consumption is related with a higher
loss of lean mass in community-dwelling older
people, indicating a significant link between
malnutrition and sarcopenia as stated by
Boirie, et al., "> and Houston, D. K., et al.,!"’]
In the current study, participants with
sarcopenia and altered swallowing ability were
found to have statistically significant
association with lower body mass index
(BMI), which is a simple and commonly used
measurement to  evaluate  malnutrition
worldwide. Yalcin et al, " found that
sarcopenic individuals tend to have lower BMI
due to loss of mass and function in whole-body
skeletal muscles and swallowing muscles.
Togashi et al., ! stated that, in patients with
dysphagia and a BMI < 20.0 kg/m2, clinicians
should suspect the possibility of sarcopenic
dysphagia.

Dysphagia patients who are malnourished and
do not have access to adequate treatment and
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therapies have a longer hospital stay, higher
risk of complications, and a higher mortality
rate than those who are properly nourished. 16!
Therefore, dysphagia and malnutrition are
closely associated.'’’ The prevalence of
concurrent malnutrition and dysphagia has
been estimated between 3% and 29%. %]

The results of the current study demonstrated
a statistically significant relationship with (P-
value = 0.019) between impaired swallowing
ability measured by EAT-10 assessment and
the poor nutritional status as determined by the
mini nutritional assessment-short form (MNA-
SF), as well as a statistically significant
relationship with (P-value = 0.01) with
dysphagia measured by the Yale swallow
protocol. The univariate regression analysis
was used to confirm the link between
malnutrition and dysphagia assessed by Yale
swallow test.

Like these findings, Wakabayashi et al., [’
stated that 56.7% were at risk of dysphagia
based on EAT-10. This group of patients
showed higher rates of malnutrition as judged
by the MNA-SF test (88.2 percent vs. 48.7
percent; p = 0.001) and mortality (70 percent
vs. 35.9 percent; p = 0.001), and Maeda et al.,
(29) revealed that lower BMI was associated
with a higher frequency of swallowing

abnormalities at discharge among older
patients who did not have swallowing
difficulties.

The current study found that the Charleson
comorbidity index (CCI) was found to be an
indicator for sarcopenia with a high
statistically significant difference, that the
more comorbid conditions accumulated, the
more frequent the occurrence of sarcopenia,
and that 98.1 percent of sarcopenic participants
had a moderate or severe prognostic
comorbidity index.

Gong et al., *! found an independent link
between comorbidity and skeletal muscle
mass/physical performance in adults aged 65
years and older. This shows that the CCI score
plays a significant role in assessing skeletal
muscle mass and physical performance, which
could help clinicians identify sarcopenia.
According to Lardiés-Sdanchez, et al., ** a loss
of muscle mass and strength has been
connected to variety of chronic health issues,
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including diabetes mellitus and end-stage
organ disorders. The main explanation that
connects these long-term illnesses to
sarcopenia is the potential causal role of
chronic inflammation in the pathophysiology
of the disease itself.

This study demonstrated that there
was no statistically significant correlation
between the overall comorbidity score and
dysphagia. This was the same result of Maeda
et al, ') who found that age, sex, and
Charlson’s comorbidity index, were not
significantly worse in the dysphagia group
than in the non-dysphagia group.

Pacifico, et al., ¥ stated that
sarcopenia is highly prevalent in individuals
with cardiovascular diseases, dementia,

diabetes mellitus and respiratory disease. This
matched with what was found in this study as
cardiovascular diseases were more common in
sarcopenic participants than non-sarcopenic
participants.

The majority of earlier researchers found that
sarcopenia has an impact on functional status
and that older persons with severe sarcopenia
are roughly two to five times more likely than
older adults with normal muscle mass to have
functional impairment or disability as stated by
Yalcin et al., "'¥ and Alva, Velizquez et al.,”*>"
A physical impairment would compel one to
engage in less physical activity, which would
reduce the stimulation received by skeletal
muscle. This vicious cycle could eventually
result in considerable muscular atrophy.

This was not in concordance with the results in
the current study which showed that there was
no statistically significant difference between
sarcopenic individuals and non-sarcopenic
individuals in the functional status assessed by
ADL and IADL, also janssen, et al., *® did not
find a strong connection between sarcopenia
and functional disability and stated that a
number of other factors, such as nutrition,
inflammation, hormonal changes, and protein
turnover, may also be involved in sarcopenia,
disability, and the relationship between them.
Therefore, more research is required to
examine the connection between functional
impairment, sarcopenia, and the concomitant
conditions.
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This was similar to the finding of
Baumgartner, et al., >’ who reported that in a
sample of 451 senior men and women from
New Mexico, sarcopenia in the absence of
obesity (76 percent of the sarcopenic group)
was not a major risk factor for functional
impairment.

Instrumental activity of daily living (IADL)
evaluates function at a higher level than
activity of daily living (ADL). Igarashi, et al.,
(28] found that elderly with poor oral intake
function, whether in hospitals or institutions or
even living in communities were likely to have
poor physical functions and malnutrition.

In the current study functional disability
assessed by IADL was found to be statistically
significant with altered swallowing ability
assessed by EAT-10 and Yale swallow
protocol, this is consistent with findings of
Yang, et al., *°! who stated that dysphagia was
associated with impairment in the IADL
activities of preparing meals and taking
medication.

This could be explained by the fact that
sarcopenia can be brought on by inactivity. For
example, hospital-associated deconditioning,
which is prevalent in elderly patients, can
worsen underlying sarcopenia by further
reducing physical activity. Consequently,
dysphagia may result from advanced
sarcopenia, and dysphagia and functional
impairment are related. 1>

Numerous studies have previously shown a
connection between sarcopenia and dysphagia,
presumably because the development of
sarcopenia may also affect the swallowing
muscles PR Zhao et al., P conducted a
meta-analysis and determined that older
sarcopenic individuals had a 4.06 odds ratio for
dysphagia. As a result, dysphagia was noted in
sarcopenic individuals who did not have a clear
neurological condition; thus, the term
"sarcopenic dysphagia."

In the present study, there was statistically
significant association between sarcopenia and
dysphagia assessed by EAT-10 and Yale
swallow protocol among the study subjects. A
useful clinical description and diagnostic
standards for sarcopenia were presented by
EWGSOP in 2010. They stated that the amount
and function of muscle are the criteria of
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sarcopenia, and the measurable variables are
physical performance, strength, and mass. **]

The current study showed that reduced skeletal
muscle mass (SMM), lower skeletal muscle
index (SMI), and decreased mid upper arm
circumference (MUAC) were statistically
significantly ~ associated  with  altered
swallowing function assessed by EAT-10
questionnaire and Yale swallow protocol by the
univariate regression analysis, while the
multivariate regression analysis showed that
decreased SMI was the strongest potential
indicator of dysphagia. This was similar to the
finding of Maeda, et al.,'*’)

Kuroda and Kuroda, et al., ** found
that, according to the results of the water
swallowing test, there was a relation between
dysphagia and arm circumference which is a
measure of muscle mass. Andrade, et al., ]
found that lower values of calf circumference
and arm circumference were significant in the
risk group of dysphagia according to EAT-10
assessment.

This was in concordance with what was found
in the present study, that MUAC was found to
be statistically significantly associated with
altered swallowing ability assessed by EAT-10
questionnaire by the univariate regression
analysis and the multivariate regression
analysis proved it to be one of the most
potential indicators for dysphagia by EAT-10.
Reduced muscle mass impairs the capacity to
swallow since it is expected for the swallowing
muscles to experience a generalized loss of
muscle mass. Additionally, because the
pharyngeal muscle mass is diminished, the
pharyngeal lumen size increases, making
swallowing difficult, as noted by Molfenter, et
al., B
It has been shown that elderly people with
sarcopenia have weaker swallowing muscles.
In numerous research on the elderly, hand grip
strength has been utilized as a substitute
measurement for whole-body muscle strength.
Age-associated declines in hand grip strength
and decline in swallowing function-associated
tongue pressure were remarkably similar. 7]
Accordingly, estimation of swallowing
function can be achieved through the
application of grip strength assessment based
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on sarcopenia criteria, as mentioned by Okada,
Yamaguchi, et al., [38]

This is similar to what was found in the
present study that, lower hand grip strength
was statistically significantly associated with
dysphagia, but it was not the most specific
indicator for dysphagia according to Yale
swallow protocol by multivariate regression
analysis.

A self-administered survey tool for the
subjective evaluation of dysphagia is called the
EAT-10. An EAT-10 score of three or more is
considered abnormal, according to normative
data. Excellent criterion-based validity, test-
retest repeatability, and internal consistency
have all been demonstrated by the instrument.
[39]

The present study investigated the agreement
for the risk of dysphagia in the same
individual, between the self-administered
EAT-10 questionnaire and the bedside Yale
Swallow Protocol. It was found that, the best
cut off value of EAT-10 questionnaire score of
the studied participants was >5 points at which
altered swallowing ability was detected and
confirmed by Yale swallow protocol
assessment with sensitivity 94.12%, specificity
83.02% and area under curve=0.89 which
indicates high diagnostic accuracy.
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