’ doi: 10.2490/prm.20250012

Progress in Rehabilitation Medicine 2025; Vol. 10, 20250012‘

ORIGINAL ARTICLE

Relationship between Tongue Pressure and Nutritional
Status in Patients Undergoing Maintenance Hemodialysis:
A Single-center Cross-sectional Study

Yasushi Kosuge, MD ? Shinoe Fujita, SLP * Asami Kamiyama, RPT ? Kayoko Saijo, RPT *#

Rieko Matsumoto, RPT ? Tomomi Ogawa, RN # Hisanori Wakabayashi, CE 2
and Hiroyuki Watanabe, MD, PhD 2

Objectives: This study aimed to investigate tongue pressure in patients undergoing maintenance
hemodialysis (MHD) and identify factors associated with tongue pressure, such as nutritional
status and sarcopenia components. Methods: This cross-sectional study included 80 outpatients
undergoing MHD at our hospital between February and August 2024. Tongue pressure was
measured using a tongue pressure measuring device. Patients were divided into groups of low
tongue pressure (<30 kPa) and high tongue pressure (>30 kPa). The geriatric nutritional risk index
(GNRI) and the nutritional risk index for Japanese hemodialysis patients (NRI-JH) were used
as nutritional indicators. To identify factors strongly associated with tongue pressure in MHD,
a multiple regression analysis was performed, with tongue pressure as the dependent variable.
Results: The median age of the participants was 81.0 years. The mean tongue pressure was 29.0
kPa, and 58.8% of the patients had tongue pressure less than 30 kPa. Tongue pressure was signifi-
cantly lower in the oldest age group (=85 years) than in the younger groups (<64 years and 65-74
years). Significant correlations were noted between tongue pressure and age, serum albumin,
skeletal muscle mass index, phase angle, and handgrip strength. In the multivariate analysis, age,
GNRI, and handgrip strength were independent predictors of tongue pressure. Conclusions: This
study revealed that age, handgrip strength, and GNRI were independently associated with tongue
pressure in patients undergoing MHD. These factors may be used as indicators of tongue pressure

in patients undergoing MHD.
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INTRODUCTION

The tongue is a versatile and structurally complex muscu-
lar organ essential for swallowing. It undergoes a series of
precisely timed shape changes to form the bolus and propel it
from the oral cavity to the pharynx." Tongue muscle strength
is the primary driving force during chewing and swallow-
ing,” and it may lead to inadequate oral intake and subsequent
malnutrition if impaired.? Tongue pressure measurement is
an objective method for evaluating tongue muscle strength®
and swallowing muscle strength.”) Studies on community-

dwelling older individuals have found a correlation between
tongue pressure and swallowing disorders,® indicating that
understanding the factors contributing to reduced tongue
pressure in healthy older individuals could help prevent
age-related swallowing disorders.” Previous studies have re-
ported an association between tongue pressure and age,” 'V
indicating that age-related changes in tongue function can af-
fect swallowing safety.” Nutritional status is also associated
with tongue pressure,*'? and recent systematic reviews and
meta-analyses have found that individuals with sarcopenia
have lower tongue pressure than those without it.*!?
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Japan’s aging population is increasing and so is the num-
ber of older patients with chronic kidney disease (CKD)
requiring renal replacement therapy (RRT).!¥ The 2020
survey of patients on chronic dialysis in Japan reported an
average age of 69.40 years, with a rising trend.!> Nutritional
issues in older patients undergoing dialysis include protein-
energy wasting (PEW) caused by accelerated muscle protein
depletion related to aging, disease, and dialysis.'® PEW is
characterized by reduced body protein and energy stores,
which is a result of inadequate diet, inflammation, oxidative
stress, acidosis, nutrient loss to dialysate, altered response
to anabolic hormones, increased uremic toxins, and blood
loss in patients with CKD."” Severe PEW is associated
with increased mortality risk that necessitates preventive
measures.'® Sarcopenia is also common among older people
and poses a risk for patients undergoing dialysis irrespec-
tive of age.!” Sarcopenia, characterized by progressive and
systemic loss of muscle mass and strength,” is diagnosed
as severe when accompanied by reduced muscle function.??
A systematic review and meta-analysis indicated that the
prevalence of severe sarcopenia is significantly higher in
patients undergoing dialysis.”? Therefore, patients with
CKD face multiple risk factors related to tongue pressure,
including aging, nutritional disorders, and sarcopenia. How-
ever, studies on tongue pressure in patients with renal failure
remain limited. Kamijo et al.>¥ reported that age and grip
strength are independent factors influencing tongue pressure
in patients undergoing peritoneal dialysis (PD) owing to the
lack of reports on tongue function and oral frailty in internal
medicine. RRT includes hemodialysis (HD), PD, and kidney
transplantation, each with unique advantages and disadvan-
tages. Patients undergoing HD and PD have different physical
function and energy levels based on the 36-Item Short Form
Health Survey.?® Moreover, given that relatively few dialysis
patients can be maintained on PD, the number of patients
undergoing HD far outnumbers PD patients.'® Therefore,
there is a significant need for a separate investigation into
tongue function in patients undergoing HD.

This study aimed to investigate tongue pressure in out-
patients undergoing maintenance HD (MHD) and identify
factors associated with tongue pressure, such as nutritional
status and components of sarcopenia. The confirmed related
factors can serve as indicators for treating decreased tongue
pressure in patients undergoing MHD. Furthermore, because
not all dialysis clinics are currently equipped with tongue
pressure measurement devices, there are several clinics
where direct measurement of tongue pressure remains chal-
lenging. In such clinics, the use of related factors may assist

in identifying patients with decreased tongue pressure.

MATERIALS AND METHODS

Design and Participants

This study was approved by the Institutional Ethics Com-
mittee of Watanabe Clinic, Kakiokai Medical Corporation
(Approval number 241191), and was conducted in accordance
with the Declaration of Helsinki. Written informed consent
was obtained from all subjects involved in the study. This
cross-sectional study included patients who attended our
clinic for MHD between February and August 2024 and con-
sented to participate in the study. The following exclusion
criteria were used: (1) cognitive impairment or conscious-
ness disorders hindering the ability to understand the test
methods, (2) inability to undergo bioelectrical impedance
analysis (BIA) because of body movements or other medical
devices, (3) missing data, and (4) lack of consent.

Measures
Primary and Secondary Outcome Measures

The primary endpoint was the evaluation of tongue pres-
sure in outpatients undergoing MHD. Minakuchi et al.>>
identified seven conditions (poor oral hygiene, dry mouth,
reduced occlusal force, reduced tongue and lip motor func-
tion, decreased tongue pressure, reduced masticatory func-
tion, and impaired swallowing function) for diagnosing oral
hypofunction, with a maximum tongue pressure less than 30
kPa indicating reduced tongue pressure. Therefore, partici-
pants were divided into two groups based on tongue pressure:
low tongue pressure (<30 kPa) and high tongue pressure (>30
kPa). Tongue pressure was measured using a tongue pressure
measurement device (TPM-01, JMS, Hiroshima, Japan).
With the patient in a seated position, a balloon-type probe
was inserted into the oral cavity, and the probe was pressed
against the palate with the tongue for approximately 7 s.
Measurements were taken three times, and the average was
recorded. Clinical information, nutritional indicators, and
physical function were also evaluated for their association
with tongue pressure.

Clinical Information

The clinical information of the participants included age,
sex, height, current weight (dry weight), body mass index
(BMI), dialysis duration, history of aspiration pneumonia
and cerebrovascular disease, skeletal muscle mass index
(SMI), and phase angle (PhA). Predialysis blood test items
included albumin, total cholesterol, creatinine, C-reactive
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protein (CRP), and phosphorus levels. History of cerebro-
vascular disease, including stroke, cerebral hemorrhage,
and subarachnoid hemorrhage, was extracted from medical
records. SMI, calculated as the sum of the limb skeletal
muscle mass divided by height squared,”® was measured
using a body composition analyzer (InBody BWA, InBody,
Tokyo, Japan) by BIA. PhA, derived from resistance (R) and
reactance (Xc) as PhA (°)=—arctangent (Xc/R) x (180/rm),%”
was measured using the same device.

Nutritional Indicators

Nutritional assessment tools included the geriatric nutri-
tional risk index (GNRI)?® and the nutritional risk index for
Japanese hemodialysis patients (NRI-JH).2” The GNRI was
calculated as GNRI=14.89 x albumin (g/dL) + 41.7 x (cur-
rent weight/ideal weight), with ideal weight defined as height
squared (m?) x 22.29 If the current weight exceeded the ideal
weight, the ratio was set to 1. The GNRI was classified into
groups requiring nutritional support (<92) and not requiring
nutritional support (>92).3? NRI-JH, based on albumin,
total cholesterol, creatinine, and BMI, classified patients
into low-risk (0—7 points), medium-risk (8—10 points), and
high-risk (>11 points) groups.?” In this study, patients were
categorized into low-risk (0—7 points) and medium/high-risk
(8—13 points) groups.

Grip Strength

Grip strength was measured using a Smedley-type dy-
namometer (Matsumiya Medical Equipment Manufactur-
ing, Tokyo, Japan). During the measurement, ambulatory
patients were standing, whereas users in wheelchairs were
seated, and the grip strength was measured bilaterally using
the maximum value. For patients with hemiplegia caused by
cerebrovascular disease, only the unaffected side was evalu-
ated.

Physical Function

Physical function was assessed by measuring the gait
speed or the five-repetition sit-to-stand test. Gait speed was
calculated by the time taken to walk a 6-m straight path at a
normal pace (m/s). Patients with visual impairment or walk-
ing difficulty performed the five-repetition sit-to-stand test.
This test utilized a chair with a backrest and a seat height of
40 cm. Participants were instructed to stand up and sit down
five times as quickly as possible. The duration from the start
signal to the fifth stand was recorded once.

Diagnosis of Sarcopenia

Sarcopenia was diagnosed based on muscle mass, muscle
strength, and physical function. According to the Asian
Working Group for Sarcopenia criteria,®” low muscle
strength was defined as grip strength less than 28 kg for men
and less than 18 kg for women, low physical function was
defined as walking speed less than 1 m/s or a sit-to-stand
test time of 12 s or longer, and low muscle mass was defined
as SMI less than 7.0 kg/m? for men and less than 5.7 kg/m?
for women. Sarcopenia was diagnosed based on the presence
of low muscle mass combined with low muscle strength or
low physical function. Patients who were unable to walk
independently because of motor paralysis or ataxia were
considered to have low physical function.

Statistical Analysis

Continuous variables were expressed as mean + standard
deviation if data were normally distributed, whereas non-
normally distributed data were expressed as median [inter-
quartile range]. The normality of each variable was verified
using the Shapiro—Wilk test. Fisher’s exact test was used for
comparisons of patient background between the two groups
or the chi-squared test for categorical variables. For continu-
ous variables, Student’s #-test or Welch’s test was applied if
data were normally distributed, and the Mann—Whitney U
test was used for non-normally distributed data. Age-wise
comparisons of tongue pressure were performed using the
one-way analysis of variance with Tukey’s multiple-com-
parison correction after confirming normality. Correlations
between variables were analyzed using Pearson’s correlation
coefficient (r) for normally distributed data and Spearman’s
rank correlation coefficient (p) for non-normally distributed
data. Multiple regression analysis (stepwise method) was
performed to identify factors associated with tongue pressure
in patients undergoing dialysis. Analyses included models
using the GNRI and NRI-JH as representative nutritional in-
dices. Model A included age, sex, history of cerebrovascular
disease, GNRI, SMI, PhA, and grip strength as independent
variables, whereas model B replaced the GNRI with NRI-JH.
The normality of the dependent variable and homoscedastic-
ity and normality of the residuals were confirmed in multiple
regression analysis. The variance inflation factor (VIF) was
computed to ensure the absence of multicollinearity among
independent variables. Adjusted R? was calculated to evalu-
ate the goodness of fit. Statistical analyses were performed
using EZR version 1.65,% with the level of significance set
at <5%.
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Table 1. General characteristics of the study group stratified by tongue pressure

Tongue pressure group

Characteristic Totzlli)gg)e nts <30 kPa >30 kPa P value
(n=47) (n=33)
Age, years 81.0 [71.0, 86.0] 84.0 [74.5, 87.0] 74.0 [68.0, 82.0] 0.005
Female 29 (36.2) 22 (46.8) 7(21.2) 0.033
Aspiration pneumonia 8 (10.0) 5(10.6) 309.0) 1.000
Hemodialysis duration, months 44.5 [15.5, 91.0] 51.0 [19.0, 91.5] 37.0 [9.0, 74.0] 0.213
Cerebrovascular disease 16 (20.0) 13 (27.7) 3.1 0.050
BMI, kg/m? 19.9 [17.6, 22.3] 18.5[17.2, 21.0] 21.0[19.2, 24.2] 0.005
Hemoglobin, g/dL 11.3£1.2 11.3+12 11.4+1.2 0.743
Albumin, g/dL 3.5[3.2,3.8] 3.403.1,3.8] 3.6 [3.4,3.9] 0.017
Creatinine, mg/dL 87+23 81+2.3 94+23 0.016
CRP, mg/L 0.19 [0.08, 0.52] 0.20[0.07, 0.52] 0.13 [0.08, 0.50] 0.750
Phosphorus, mg/dL 491[4.1,5.5] 4.7 [4.0,5.5] 5.1[4.3,59] 0.133
Total cholesterol, mg/dL 146.5 [124.8, 168.3] 144.0 [123.5, 167.5] 150.0 [127.0, 169.0] 0.642
GNRI score 90.0 [83.0, 94.3] 88.0 [80.0, 94.0] 92.0 [89.0, 98.0] 0.004
NRI-JH score 7.0 [3.0, 8.0] 7.0 [4.0, 8.5] 4.0 [3.0, 7.0] 0.038
SMI, kg/m? 55+1.2 51+1.1 6.1+12 <0.001
PhA, degrees 39+ 1.0 3.6+09 43+1.1 0.001
Handgrip strength, kg 174+ 8.9 13.7+6.7 22.5+93 <0.001
Low muscle mass 64 (80.0) 43 91.5) 21 (63.6) 0.004
Low muscle strength 61 (76.2) 40 (85.1) 21 (63.6) 0.034
Low physical performance 49 (61.3) 34 (72.3) 15 (45.5) 0.020
Sarcopenia 55 (68.8) 37 (78.7) 18 (54.5) 0.028
Tongue pressure, kPa 29.0+9.1 22.5+47 383+53 <0.001

Data given as median [interquartile range], number (%), or mean + standard deviation.

RESULTS

Patient Background

During the study period, 105 patients were undergoing
MHD at our clinic. Twenty-five patients were excluded: 12
patients had cognitive or consciousness impairments that
made understanding the test methods difficult; BIA could
not be performed for 7 patients; 5 patients had incomplete
data; and 1 patient did not consent to the tests. The analysis
included the remaining 80 patients.

Patient data are shown in Table 1. The trend of age-specific
tongue pressure is displayed in Fig. 1, and the prevalence of
sarcopenia across age groups is shown in Fig. 2. The median
age of the patients was 81.0 years, and histories of aspiration
pneumonia and cerebrovascular disorders were observed in
8 (10.0%) and 16 (20.0%) patients, respectively. Nutritional
indices showed a median NRI-JH of 7.0 points and a GNRI
of 90.0. Sarcopenia was observed in 55 out of 80 (68.8%)
patients, with a significantly higher prevalence in the group

aged 85 years and older than in those aged 64 years and older
and in those aged 65-74 years. The mean tongue pressure
was 29.0 kPa, and the Shapiro—Wilk test indicated that the
tongue pressure (P=0.222) was normally distributed. Forty-
seven patients (58.8%) had a tongue pressure less than 30
kPa. Comparisons between the low tongue pressure group
(<30 kPa) and the high tongue pressure group (>30 kPa)
showed significant differences in age, sex, BMI, albumin,
creatinine, GNRI, NRI-JH, SMI, PhA, handgrip strength,
skeletal muscle mass, muscle strength, physical function,
and sarcopenia. Tongue pressure was significantly lower in
the group aged 85 years and older than in those aged up to 64
years and those aged 65—74 years.

Correlations between Tongue Pressure and
Variables

Table 2 presents the results of the correlation analysis
between tongue pressure and various factors. Moderate
positive correlations were observed with albumin (p=0.415,

Copyright © 2025 The Japanese Association of Rehabilitation Medicine



Prog. Rehabil. Med. 2025; Vol.10, 20250012 5

p=0.002

50 p=0.001

40

w
S
|

Tongue pressure (kPa)
3%
(=)
|

10

65-74
Age (years)

Fig. 1. Comparison of mean tongue pressure between age groups. Tongue pressure was compared using one-way analysis
of variance, and a post-hoc test was performed using Tukey’s honestly significant difference test. Error bars represent stan-
dard deviation.
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Fig. 2. Comparison of sarcopenia prevalence between age groups (Fisher’s exact test).
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Table 2. Correlations between tongue pressure and variables

Variable Correlation P value
coefficient
Age —0.486 <0.001
Hemodialysis duration —0.139 0.219
BMI 0.360 <0.001
Hemoglobin —0.035 0.758
Albumin 0.415 <0.001
Creatinine 0.390 <0.001
CRP —0.097 0.392
Phosphorus 0.223 0.047
Total cholesterol 0.189 0.093
GNRI score 0.442 <0.001
NRI-JH score —0.351 0.001
SMI 0.509 <0.001
PhA 0.425 <0.001
Handgrip strength 0.514 <0.001

Correlation coefficient was measured as Spearman's rank
correlation coefficient (p) or Pearson's correlation coefficient

.

P <0.001), SMI (r=0.509, P <0.001), PhA (r=0.425, P <0.001),
and handgrip strength (p=0.514, P <0.001). Age (p=—0.486,
P <0.001) showed a moderately negative correlation with
tongue pressure. Among nutritional indicators, the GNRI
(p=0.442, P <0.001) demonstrated a moderate positive cor-
relation, whereas the NRI-JH (p=-0.351, P=0.001) exhibited
a weak negative correlation.

Table 3. Multivariate analysis results for tongue pressure

Multivariable Analyses for Tongue Pressure

The results of the stepwise multiple regression analysis,
with tongue pressure as the dependent variable, are shown in
Table 3. In model A, the GNRI was included as an indepen-
dent nutritional variable. The stepwise method utilized age,
cerebrovascular disease, GNRI, and grip strength as inde-
pendent variables and incorporated them into the regression
model. Model A revealed that the GNRI ($=0.252, P=0.013),
age (p=-0.255, P=0.009), and grip strength (B=0.294,
P=0.005) had significant effects on tongue pressure. In
model B, the NRI-JH was included as an independent nutri-
tional variable. In the stepwise method, age, cerebrovascular
disease, NRI-JH, and grip strength were selected as indepen-
dent variables for the regression model. Model B indicated
that age (B=-0.265, P=0.008) and grip strength ($=0.341,
P=0.001) were significantly and independently associated
with tongue pressure. Adjusted R? values for models A and
B were 0.396 and 0.369, respectively, and all VIF values for
the independent variables were less than 5.

DISCUSSION

Given that tongue pressure reflects clinical signs of tongue
movements and coughing in dysphagia,>® tongue pressure
should be measured to assess the strength of swallowing
muscles.”) Adams et al.*¥ reported that about half of the
studies on tongue pressure involved healthy adults, whereas
very few studies examined populations with conditions such
as Parkinson’s disease, head and neck cancer, traumatic brain
injury, oculopharyngeal muscular dystrophy, or cerebrovas-
cular accident. Despite reports on various disease groups,
studies on patients undergoing dialysis are still limited.

B 95% CI SE t P value
Model A
Age —0.255 —0.445, —0.066 0.095 —2.688 0.009
Cerebrovascular disease -0.404 —0.843, 0.035 0.220 -1.832 0.071
GNRI score 0.252 0.054, 0.450 0.100 2.534 0.013
Handgrip strength 0.294 0.093, 0.495 0.101 2.915 0.005
Adjusted R?=0.396
Model B
Age —0.265 —-0.459, -0.070 0.098 —2.713 0.008
Cerebrovascular disease —0.448 —0.902, 0.005 0.228 -1.970 0.053
NRI-JH score -0.171 —0.367, 0.026 0.099 -1.732 0.087
Handgrip strength 0.341 0.142, 0.539 0.100 3.422 0.001

Adjusted R?=0.369

B, standardized partial regression coefficient; CI, confidence interval; SE, standard error; t, t-statistic.
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In the present study, we identified the factors associated
with tongue pressure in patients undergoing MHD, including
older outpatients. The mean tongue pressure was 29.0 kPa.
Tongue pressure was significantly correlated with albumin,
GNRI, and NRI-JH, as well as with SMI and grip strength.
Moreover, age, grip strength, and GNRI were independently
associated with tongue pressure in the HD group. Reportedly,
age, grip strength, and malnutrition as assessed by GNRI in
patients with MHD, may indicate the possibility of decreased
tongue pressure. To the best of our knowledge, this is the first
study to clarify the relationship between tongue pressure and
GNRI and NRI-JH in patients undergoing MHD.

In healthy adults, tongue strength decreases with age, and
older adults have average tongue pressures that are 10—15
kPa lower than younger adults.>¥ Regarding the age at which
tongue pressure declines, Hara et al.') reported that tongue
pressure in healthy adults significantly decreases in men
in their 60s and in women in their 50s. Arakawa et al.’>
also demonstrated that healthy individuals younger than
60 years of age have significantly higher tongue pressure
than those aged over 60 years. Kamijo et al.>? found that
age is an independent factor that affects tongue pressure in
patients undergoing PD. In the present study of outpatients
undergoing MHD, tongue pressure was significantly lower
in the oldest group (aged >85 years) than in the younger age
groups (<64 years and 65-74 years). Multivariate analysis
showed that age was significantly and independently associ-
ated with tongue pressure. Therefore, age-related decline in
tongue pressure observed in healthy adults also applies to
patients undergoing HD. Nicosia et al.” suggested that the
age-related decline in tongue strength may be caused by in-
creased amyloid deposition in the tongue muscles,3® similar
to changes reported in limb muscles.

Sarcopenia is closely related to tongue muscle weakness
through aging,'”? and both aging and sarcopenia adversely
affect swallowing muscles.’”) Older patients with sarcopenia
have significantly lower tongue pressure than patients with-
out sarcopenia, and tongue pressure positively correlated
with sarcopenia subcomponents. Machida et al.’” showed
that whole-body sarcopenia was independently associated
with tongue pressure in community-dwelling older individu-
als of both sexes. In addition, a study of older inpatients at
rehabilitation hospitals reported that tongue pressure was
independently associated with handgrip strength.'? Sarco-
penia was found to be clinically significant in patients under-
going dialysis and was associated with increased mortality
risk.’® A study of patients undergoing dialysis also reported
significantly lower tongue pressure in patients with sarcope-

nia undergoing PD.?? Similarly, in the present study, tongue
pressure in outpatients undergoing MHD was significantly
lower in those with sarcopenia, with significant positive
correlations between tongue pressure and SMI and handgrip
strength. Furthermore, handgrip strength was independently
associated with tongue pressure. Although the mechanisms
underlying lower tongue pressure in patients with sarcopenia
are not well understood, sarcopenia is a systemic disease that
affects skeletal muscles throughout the body, and the decline
in tongue strength may mirror the effect on limb muscles.?
This association between sarcopenia and tongue pressure is
deemed consistent in patients undergoing MHD.
Malnutrition is considered a late complication of chronic
renal failure, and in patients undergoing dialysis, malnutri-
tion may begin as early as stage IV of chronic renal failure.>”
However, given that no single method can comprehensively
and accurately assess the nutritional status of patients under-
going dialysis, evaluations must include a panel of anthropo-
metric and biochemical measurements correlated with nu-
tritional status.3? In this study, the GNRI and NRI-JH were
selected as clinical tools for screening nutritional status, and
their relationships with tongue pressure were examined. The
GNRI is calculated using a simple formula based on three
nutritional variables: serum albumin, height, and weight. It
correlates highly with the malnutrition—inflammation score
and accurately identifies malnutrition in patients undergoing
MHD.*? Conversely, NRI-JH is a nutritional risk index for
patients undergoing HD, is based on BMI, serum creatinine,
albumin, and total cholesterol levels, and is related to the risk
of death within 1 year.?? For comparison, the GNRI com-
prises serum albumin level, current weight, and ideal weight,
not including muscle mass assessment, whereas NRI-JH in-
cludes muscle mass evaluation reflected by serum creatinine
level.*) In studies on the relationship between nutritional
status and tongue pressure in community-dwelling older
people, a positive correlation was found between tongue
pressure and the Mini Nutritional Assessment (MNA) score,
indicating a link between decreased tongue pressure and
increased malnutrition risk.? Studies on older inpatients at
rehabilitation hospitals also showed an independent associa-
tion between tongue pressure and MNA-short form.'? In ad-
dition, studies on healthy populations”® and older people in
nursing homes?? have shown significant positive correlations
between BMI and tongue pressure. Malnutrition is common
in patients with end-stage kidney disease, often accompa-
nied by PEW.*) In studies on patients undergoing dialysis,
a significant correlation was found between tongue pressure
and nutritional indicators such as albumin, prealbumin, and
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BMI.?) Our findings show significant correlations between
tongue pressure and albumin level, BMI, GNRI, and NRI-
JH in patients undergoing MHD, and multivariate analysis
indicates that the GNRI is significantly and independently
associated with tongue pressure. This finding suggests a
relationship between nutritional status and tongue pres-
sure in patients undergoing MHD. Therefore, malnutrition
in patients undergoing MHD may reduce tongue pressure.
Consequently, appropriate and sufficient nutritional manage-
ment may reduce the risk of decreased tongue pressure in
these patients. Sommer et al.®) noted that the positive correla-
tion between BMI and tongue pressure must be interpreted
considering that most participants were not obese. Hara et
al.” also reported a correlation between BMI and tongue
pressure in healthy adults and older groups without obesity.
Our finding that BMI positively correlated with tongue pres-
sure in most of the patients undergoing MHD who were
not obese is consistent with these reports. In this study, the
GNRI correlated with tongue pressure in patients undergo-
ing MDH, and multivariate analysis revealed a significant
and independent association. The GNRI is calculated based
on serum albumin level and BMI,*? and both factors were
observed to be related to tongue pressure. Therefore, it is
reasonable to expect that combination of these parameters
in the GNRI will show significant correlation with tongue
pressure. Conversely, although NRI-JH showed a significant
correlation with tongue pressure in patients undergoing
MHD, no correlation was found in the multivariate analysis.
NRI-JH is calculated using BMI, serum albumin, serum
creatinine, and total cholesterol levels. In this study, a weak
positive correlation was observed between serum creatinine
and tongue pressure; however, no significant correlation
was found between total cholesterol level and tongue pres-
sure, which might explain the lack of a significant effect of
NRI-JH on tongue pressure. Therefore, the GNRI may be
more important than NRI-JH in predicting tongue pressure
in patients undergoing MHD. Malnutrition has been identi-
fied as one of the late-stage complications of chronic renal
failure.>? However, in this study, no significant difference
was observed in the dialysis duration between the group with
tongue pressure below 30 kPa and that with tongue pressure
above 30 kPa. Kurajoh et al.*) reported that there was no sig-
nificant difference in the dialysis duration between low-risk
and medium/high-risk states based on the NRI-JH score in a
study involving Asian patients undergoing MHD. Although
malnutrition is a complication of end-stage renal failure, nu-
tritional therapy for dialysis patients may mitigate nutritional
disorders, which may not necessarily be influenced by the

dialysis duration. This reasoning may explain the lack of sig-
nificant difference between the groups in this study. Further
research is warranted to elucidate this point.

This study has several limitations. First, because our
study is cross-sectional in nature, the temporal sequence
for confirming the cause-and-effect associations is unclear;
therefore, the findings are limited to the identification of
associations. Future studies utilizing longitudinal or inter-
ventional designs will be required. Second, a single-center
design and small sample size may limit the generalizability
of the results. Therefore, multicenter studies are needed to
validate our findings. Third, participants were not stratified
by sex, and physiological differences between sexes were not
reflected in the data, potentially overlooking sex-specific dif-
ferences. In addition, there were fewer female participants,
possibly introducing selection bias. Fourth, potential con-
founders such as the number and condition of teeth, chewing
ability, and medication use were not included in the statistical
analysis. Future studies should address these factors. Finally,
cognitive function was only assessed by verbal confirmation
of the ability to understand the test methods, without vali-
dated tests. Therefore, future investigations should employ
objective assessment scales to evaluate cognitive function.

CONCLUSION

The results of this study indicate that age, albumin level,
creatinine level, SMI, handgrip strength, GNRI score, and
NRI-JH score are associated with tongue pressure in patients
undergoing maintenance hemodialysis. Multivariate analysis
indicated that age, handgrip strength, and GNRI score are
independently associated with tongue pressure. Therefore,
nutritional indices using age, handgrip strength, and GNRI
may be used as indicators of tongue pressure in patients
undergoing MHD.

ACKNOWLEDGMENTS

The authors thank all the members of the dialysis and reha-
bilitation departments of Watanabe Clinic, who contributed
to this study. The authors also thank Enago (www.enago.jp)
for English language editing.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

Copyright © 2025 The Japanese Association of Rehabilitation Medicine



Prog. Rehabil. Med. 2025; Vol.10, 20250012

REFERENCES

. Felton SM, Gaige TA, Reese TG, Wedeen V], Gilbert
RJ: Mechanical basis for lingual deformation during
the propulsive phase of swallowing as determined by
phase-contrast magnetic resonance imaging. J Appl
Physiol 2007;103:255-265. https://doi.org/10.1152/jap-
plphysiol.01070.2006, PMID:17395759

. Liu HY, Chen JH, Hsu KJ, Yao CT, Chen PH, Hsiao
SY, Lin CL: Decreased tongue pressure associated
with aging, chewing and swallowing difficulties of
community-dwelling older adults in Taiwan. J Pers
Med 2021;11:653. https://doi.org/10.3390/jpm11070653,
PMID:34357120

. Chang KV, Wu WT, Chen LR, Wang HI, Wang TG,
Han DS: Suboptimal tongue pressure is associated with
risk of malnutrition in community-dwelling older indi-
viduals. Nutrients 2021;13:1821. https://doi.org/10.3390/
nul3061821, PMID:34071812

. Chen KC, Lee TM, Wu WT, Wang TG, Han DS, Chang
KV: Assessment of tongue strength in sarcopenia
and sarcopenic dysphagia: a systematic review and
meta-analysis. Front Nutr 2021;8:684840. https://doi.
org/10.3389/fnut.2021.684840, PMID:34249993

. Mori T, Fujishima I, Wakabayashi H, Oshima F, Itoda
M, Kunieda K, Kayashita J, Nishioka S, Sonoda A, Ku-
roda Y, Yamada M, Ogawa S: Development, reliability,
and validity of a diagnostic algorithm for sarcopenic
dysphagia. JCSM Clin Rep 2017;2:1-10. https://doi.
org/10.17987/jcsm-cr.v2i2.17

. Butler SG, Stuart A, Leng X, Wilhelm E, Rees C,
Williamson J, Kritchevsky SB: The relationship of
aspiration status with tongue and handgrip strength
in healthy older adults. J Gerontol A Biol Sci Med
Sci 2011;606A:452—-458. https://doi.org/10.1093/gerona/
glq234, PMID:21300744

. Hara K, Tohara H, Kenichiro K, Yamaguchi K, Ariya
C, Yoshimi K, Nakane A, Minakuchi S: Association
between tongue muscle strength and masticatory mus-
cle strength. J Oral Rehabil 2019;46:134—139. https:/
doi.org/10.1111/joor.12737, PMID:30353915

. Sommer JU, Birk R, Hérmann K, Stuck BA: Evalua-
tion of the maximum isometric tongue force of healthy
volunteers. Eur Arch Otorhinolaryngol 2014;271:3077—
3084. https://doi.org/10.1007/s00405-014-3103-6,
PMID:24970288

10.

11.

12.

13.

14.

15.

Nicosia MA, Hind JA, Roecker EB, Carnes M, Doyle J,
Dengel GA, Robbins J: Age effects on the temporal evo-
lution of isometric and swallowing pressure. J Gerontol
A Biol Sci Med Sci 2000;55:M634-M640. https://doi.
org/10.1093/gerona/55.11.M634, PMID:11078092

Park JS, Oh DH, Chang M: Comparison of maximal
tongue strength and tongue strength used during
swallowing in relation to age in healthy adults. J Phys
Ther Sci 2016;28:442—-445. https://doi.org/10.1589/
jpts.28.442, PMID:27064477

Hara K, Tohara H, Kobayashi K, Yamaguchi K,
Yoshimi K, Nakane A, Minakuchi S: Age-related de-
clines in the swallowing muscle strength of men and
women aged 20—89 years: a cross-sectional study on
tongue pressure and jaw-opening force in 980 subjects.
Arch Gerontol Geriatr 2018;78:64—70. https://doi.
org/10.1016/j.archger.2018.05.015, PMID:29902686
Sakai K, Nakayama E, Tohara H, Maeda T, Sugimoto
M, Takehisa T, Takehisa Y, Ueda K: Tongue strength
is associated with grip strength and nutritional status
in older adult inpatients of a rehabilitation hospital.
Dysphagia 2017;32:241-249. https://doi.org/10.1007/
s00455-016-9751-5, PMID:27687521

Sakai K, Nakayama E, Yoneoka D, Sakata N, lijima
K, Tanaka T, Hayashi K, Sakuma K, Hoshino E: Asso-
ciation of oral function and dysphagia with frailty and
sarcopenia in community-dwelling older adults: a sys-
tematic review and meta-analysis. Cells 2022;11:2199.
https://doi.org/10.3390/cells11142199, PMID:35883642
Inaba M, Okuno S, Ohno Y: Importance of considering
malnutrition and sarcopenia in order to improve the
QOL of elderly hemodialysis patients in Japan in the
era of 100-year life. Nutrients 2021;13:2377. https://doi.
org/10.3390/nu13072377, PMID:34371887

Hanafusa N, Abe M, Joki N, Hoshino J, Kikuchi K,
Goto S, Kanda E, Taniguchi M, Nakai S, Naganuma
T, Hasegawa T, Miura K, Wada A, Takemoto Y, Japa-
nese Society for Dialysis Therapy Renal Data Registry
Committee: Annual dialysis data report 2020, JSDT re-
nal data registry. Ren Replace Ther 2024;10:14. https://
doi.org/10.1186/s41100-024-00531-5

Copyright © 2025 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.1152/japplphysiol.01070.2006
https://doi.org/10.1152/japplphysiol.01070.2006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17395759?dopt=Abstract
https://doi.org/10.3390/jpm11070653
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34357120?dopt=Abstract
https://doi.org/10.3390/nu13061821
https://doi.org/10.3390/nu13061821
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34071812?dopt=Abstract
https://doi.org/10.3389/fnut.2021.684840
https://doi.org/10.3389/fnut.2021.684840
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34249993?dopt=Abstract
https://doi.org/10.17987/jcsm-cr.v2i2.17
https://doi.org/10.17987/jcsm-cr.v2i2.17
https://doi.org/10.1093/gerona/glq234
https://doi.org/10.1093/gerona/glq234
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21300744?dopt=Abstract
https://doi.org/10.1111/joor.12737
https://doi.org/10.1111/joor.12737
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30353915?dopt=Abstract
https://doi.org/10.1007/s00405-014-3103-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24970288?dopt=Abstract
https://doi.org/10.1093/gerona/55.11.M634
https://doi.org/10.1093/gerona/55.11.M634
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11078092?dopt=Abstract
https://doi.org/10.1589/jpts.28.442
https://doi.org/10.1589/jpts.28.442
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27064477?dopt=Abstract
https://doi.org/10.1016/j.archger.2018.05.015
https://doi.org/10.1016/j.archger.2018.05.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29902686?dopt=Abstract
https://doi.org/10.1007/s00455-016-9751-5
https://doi.org/10.1007/s00455-016-9751-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27687521?dopt=Abstract
https://doi.org/10.3390/cells11142199
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35883642?dopt=Abstract
https://doi.org/10.3390/nu13072377
https://doi.org/10.3390/nu13072377
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34371887?dopt=Abstract
https://doi.org/10.1186/s41100-024-00531-5
https://doi.org/10.1186/s41100-024-00531-5

Kosuge Y, et al: Tongue Pressure and Nutrition in Hemodialysis

16.

17.

18.

19.

20.

21.

Johansson L, Fouque D, Bellizzi V, Chauveau P, Kolko
A, Molina P, Sezer S, Ter Wee PM, Teta D, Carrero
JJ, European Renal Nutrition (ERN) Working Group
of the European Renal Association—European Dialysis
Transplant Association (ERA-EDTA): As we grow
old: nutritional considerations for older patients on
dialysis. Nephrol Dial Transplant 2017;32:1127-1136.
PMID:27208727

Fouque D, Kalantar-Zadeh K, Kopple J, Cano N,
Chauveau P, Cuppari L, Franch H, Guarnieri G, Iki-
zler TA, Kaysen G, Lindholm B, Massy Z, Mitch W,
Pineda E, Stenvinkel P, Trevifio-Becerra A, Wanner
C: A proposed nomenclature and diagnostic criteria
for protein—energy wasting in acute and chronic kid-
ney disease. Kidney Int 2008;73:391-398. https://doi.
org/10.1038/sj.ki.5002585, PMID:18094682

de Mutsert R, Grootendorst DC, Boeschoten EW,
Brandts H, van Manen JG, Krediet RT, Dekker FW,
Netherlands Cooperative Study on the Adequacy
of Dialysis-2 Study Group: Subjective global as-
sessment of nutritional status is strongly associ-
ated with mortality in chronic dialysis patients. Am
J Clin Nutr 2009;89:787-793. https://doi.org/10.3945/
ajcn.2008.26970, PMID:19144733

Rodrigues J, Cuppari L, Campbell KL, Avesani CM:
Nutritional assessment of elderly patients on dialysis:
pitfalls and potentials for practice. Nephrol Dial Trans-
plant 2017;32:1780—-1789. https://doi.org/10.1093/ndt/
gfw471, PMID:28371919

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y,
Cederholm T, Landi F, Martin FC, Michel JP, Rol-
land Y, Schneider SM, Topinkova E, Vandewoude M,
Zamboni M, European Working Group on Sarcopenia
in Older People: Sarcopenia: European consensus on
definition and diagnosis: report of the European Work-
ing Group on Sarcopenia in Older People. Age Age-
ing 2010;39:412-423. https://doi.org/10.1093/ageing/
afq034, PMID:20392703

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruy¢re
O, Cederholm T, Cooper C, Landi F, Rolland Y, Sayer
AA, Schneider SM, Sieber CC, Topinkova E, Vande-
woude M, Visser M, Zamboni M, Writing Group for
the European Working Group on Sarcopenia in Older
People 2 (EWGSOP2), and the Extended Group for
EWGSOP2: Sarcopenia: revised European consensus
on definition and diagnosis. Age Ageing 2019;48:16-31.
https://doi.org/10.1093/ageing/afy169, PMID:30312372

22.

23.

24,

25.

26.

27.

28.

29.

Duarte MP, Almeida LS, Neri SG, Oliveira JS,
Wilkinson TJ, Ribeiro HS, Lima RM: Prevalence of
sarcopenia in patients with chronic kidney disease:
a global systematic review and meta-analysis. J Ca-
chexia Sarcopenia Muscle 2024;15:501-512. https://doi.
org/10.1002/jcsm.13425, PMID:38263952

Kamijo Y, Kanda E, Ono K, Maeda K, Yanai A, Honda
K, Tsujimoto R, Yanagi M, Ishibashi Y, Yoshida M:
Low tongue pressure in peritoneal dialysis patients as
a risk factor for malnutrition and sarcopenia: a cross-
sectional study. Ren Replace Ther 2018;4:23. https:/
doi.org/10.1186/s41100-018-0165-8

Chuasuwan A, Pooripussarakul S, Thakkinstian A, In-
gsathit A, Pattanaprateep O: Comparisons of quality of
life between patients underwent peritoneal dialysis and
hemodialysis: a systematic review and meta-analysis.
Health Qual Life Outcomes 2020;18:191. https://doi.
org/10.1186/s12955-020-01449-2, PMID:32552800
Minakuchi S, Tsuga K, Ikebe K, Ueda T, Tamura F,
Nagao K, Furuya J, Matsuo K, Yamamoto K, Kanazawa
M, Watanabe Y, Hirano H, Kikutani T, Sakurai K: Oral
hypofunction in the older population: position paper of
the Japanese Society of Gerodontology in 2016. Ger-
odontology 2018;35:317-324. https://doi.org/10.1111/
ger.12347, PMID:29882364

Baumgartner RN, Koehler KM, Gallagher D, Romero
L, Heymsfield SB, Ross RR, Garry PJ, Lindeman
RD: Epidemiology of sarcopenia among the elderly
in New Mexico. Am J Epidemiol 1998;147:755-763.
https://doi.org/10.1093/oxfordjournals.aje.a009520,
PMID:9554417

Foster KR, Lukaski HC: Whole-body impedance—what
does it measure? Am J Clin Nutr 1996;64:388S—-396S.
https://doi.org/10.1093/ajcn/64.3.388S, PMID:8780354
Bouillanne O, Morineau G, Dupont C, Coulombel I,
Vincent JP, Nicolis I, Benazeth S, Cynober L, Aus-
sel C: Geriatric Nutritional Risk Index: a new index
for evaluating at-risk elderly medical patients. Am J
Clin Nutr 2005;82:777-783. https://doi.org/10.1093/
ajen/82.4.777, PMID:16210706

Kanda E, Kato A, Masakane I, Kanno Y: A new
nutritional risk index for predicting mortality in he-
modialysis patients: nationwide cohort study. PLoS
One 2019;14:¢0214524. https://doi.org/10.1371/journal.
pone.0214524, PMID:30921398

Copyright © 2025 The Japanese Association of Rehabilitation Medicine


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27208727?dopt=Abstract
https://doi.org/10.1038/sj.ki.5002585
https://doi.org/10.1038/sj.ki.5002585
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18094682?dopt=Abstract
https://doi.org/10.3945/ajcn.2008.26970
https://doi.org/10.3945/ajcn.2008.26970
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19144733?dopt=Abstract
https://doi.org/10.1093/ndt/gfw471
https://doi.org/10.1093/ndt/gfw471
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28371919?dopt=Abstract
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afq034
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20392703?dopt=Abstract
https://doi.org/10.1093/ageing/afy169
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30312372?dopt=Abstract
https://doi.org/10.1002/jcsm.13425
https://doi.org/10.1002/jcsm.13425
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38263952?dopt=Abstract
https://doi.org/10.1186/s41100-018-0165-8
https://doi.org/10.1186/s41100-018-0165-8
https://doi.org/10.1186/s12955-020-01449-2
https://doi.org/10.1186/s12955-020-01449-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32552800?dopt=Abstract
https://doi.org/10.1111/ger.12347
https://doi.org/10.1111/ger.12347
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29882364?dopt=Abstract
https://doi.org/10.1093/oxfordjournals.aje.a009520
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9554417?dopt=Abstract
https://doi.org/10.1093/ajcn/64.3.388S
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8780354?dopt=Abstract
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1093/ajcn/82.4.777
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16210706?dopt=Abstract
https://doi.org/10.1371/journal.pone.0214524
https://doi.org/10.1371/journal.pone.0214524
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30921398?dopt=Abstract

Prog. Rehabil. Med. 2025; Vol.10, 20250012

11

30.

31.

32.

33.

34.

3s.

36.

Cereda E, Pedrolli C: The geriatric nutritional risk
index. Curr Opin Clin Nutr Metab Care 2009;12:1-7.
https://doi.org/10.1097/MCO.0b013e3283186f59,
PMID:19057180

Chen LK, Woo J, Assantachai P, Auyeung TW, Chou
MY, lijima K, Jang HC, Kang L, Kim M, Kim S, Ko-
jima T, Kuzuya M, Lee JSW, Lee SY, Lee WJ, Lee Y,
Liang CK, Lim JY, Lim WS, Peng LN, Sugimoto K,
Tanaka T, Won CW, Yamada M, Zhang T, Akishita M,
Arai H: Asian Working Group for Sarcopenia: 2019
consensus update on sarcopenia diagnosis and treat-
ment. J] Am Med Dir Assoc 2020;21:300-307.

Kanda Y: Investigation of the freely available easy-to-
use software ‘EZR’ for medical statistics. Bone Marrow
Transplant 2013;48:452-458. https://doi.org/10.1038/
bmt.2012.244, PMID:23208313

Yoshida M, Kikutani T, Tsuga K, Utanohara Y,
Hayashi R, Akagawa Y: Decreased tongue pres-
sure reflects symptom of dysphagia. Dysphagia
2006;21:61-65. https://doi.org/10.1007/s00455-005-
9011-6, PMID:16544085

Adams V, Mathisen B, Baines S, Lazarus C, Callister
R: A systematic review and meta-analysis of measure-
ments of tongue and hand strength and endurance
using the Iowa Oral Performance Instrument (IOPI).
Dysphagia 2013;28:350-369. https://doi.org/10.1007/
s00455-013-9451-3, PMID:23468283

Arakawa I, Igarashi K, Imamura Y, Miiller F, Abou-
Ayash S, Schimmel M: Variability in tongue pres-
sure among elderly and young healthy cohorts: a
systematic review and meta-analysis. J Oral Rehabil
2021;48:430—448.  https://doi.org/10.1111/joor.13076,
PMID:32799377

Yamaguchi A, Nasu M, Esaki Y, Shimada H, Yoshiki
S: Amyloid deposits in the aged tongue: a postmor-
tem study of 107 individuals over 60 years of age.
J Oral Pathol Med 1982;11:237-244. https://doi.
org/10.1111/1.1600-0714.1982.tb00161.x, PMID:6178810

37.

38.

39.

40.

41.

42.

Machida N, Tohara H, Hara K, Kumakura A, Waka-
sugi Y, Nakane A, Minakuchi S: Effects of aging and
sarcopenia on tongue pressure and jaw-opening force.
Geriatr Gerontol Int 2017;17:295-301. https://doi.
org/10.1111/ggi.12715, PMID:26800427

Shu X, Lin T, Wang H, Zhao Y, Jiang T, Peng X, Yue J:
Diagnosis, prevalence, and mortality of sarcopenia in
dialysis patients: a systematic review and meta-analy-
sis. J Cachexia Sarcopenia Muscle 2022;13:145-158.
https://doi.org/10.1002/jcsm.12890, PMID:34989172
Fouque D, Vennegoor M, Ter Wee P, Wanner C,
Basci A, Canaud B, Haage P, Konner K, Kooman J,
Martin-Malo A, Pedrini L, Pizzarelli F, Tattersall J,
Tordoir J, Vanholder R: EBPG guideline on nutrition.
Nephrol Dial Transplant 2007;22:1i45—1i87. https://doi.
org/10.1093/ndt/gfm020, PMID:17507426

Yamada K, Furuya R, Takita T, Maruyama Y, Yama-
guchi Y, Ohkawa S, Kumagai H: Simplified nutritional
screening tools for patients on maintenance hemodi-
alysis. Am J Clin Nutr 2008;87:106—113. https://doi.
org/10.1093/ajen/87.1.106, PMID:18175743

Kurajoh M, Mori K, Miyabe M, Matsufuji S, Ichii
M, Morioka T, Kizu A, Tsujimoto Y, Emoto M: Nu-
tritional status association with sarcopenia in patients
undergoing maintenance hemodialysis assessed by nu-
tritional risk index. Front Nutr 2022;9:896427. https://
doi.org/10.3389/fnut.2022.896427, PMID:35634393
Xiong J, Wang M, Zhang Y, Nie L, He T, Wang Y,
Huang Y, Feng B, Zhang J, Zhao J: Association of
geriatric nutritional risk index with mortality in he-
modialysis patients: a meta-analysis of cohort studies.
Kidney Blood Press Res 2018;43:1878—-1889. https://doi.
org/10.1159/000495999, PMID:30566933

Copyright © 2025 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.1097/MCO.0b013e3283186f59
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19057180?dopt=Abstract
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23208313?dopt=Abstract
https://doi.org/10.1007/s00455-005-9011-6
https://doi.org/10.1007/s00455-005-9011-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16544085?dopt=Abstract
https://doi.org/10.1007/s00455-013-9451-3
https://doi.org/10.1007/s00455-013-9451-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23468283?dopt=Abstract
https://doi.org/10.1111/joor.13076
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32799377?dopt=Abstract
https://doi.org/10.1111/j.1600-0714.1982.tb00161.x
https://doi.org/10.1111/j.1600-0714.1982.tb00161.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6178810?dopt=Abstract
https://doi.org/10.1111/ggi.12715
https://doi.org/10.1111/ggi.12715
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26800427?dopt=Abstract
https://doi.org/10.1002/jcsm.12890
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34989172?dopt=Abstract
https://doi.org/10.1093/ndt/gfm020
https://doi.org/10.1093/ndt/gfm020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17507426?dopt=Abstract
https://doi.org/10.1093/ajcn/87.1.106
https://doi.org/10.1093/ajcn/87.1.106
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18175743?dopt=Abstract
https://doi.org/10.3389/fnut.2022.896427
https://doi.org/10.3389/fnut.2022.896427
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35634393?dopt=Abstract
https://doi.org/10.1159/000495999
https://doi.org/10.1159/000495999
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30566933?dopt=Abstract

