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Objective: The objective of this study was to clarify the relationship between tongue strength, 

lip strength, and nutrition-related sarcopenia (NRS).

Patients and methods: A total of 201 older inpatients aged $65 years (70 men, median 

age: 84 years, interquartile range: 79–89 years) consecutively admitted for rehabilitation were 

included in this cross-sectional study. The main factors evaluated were the presence of NRS 

diagnosed by malnutrition using the Mini-Nutrition Assessment – Short Form, sarcopenia based 

on the criteria of the Asian Working Group for Sarcopenia, tongue strength, and lip strength. 

Other factors such as age, sex, comorbidity, physical function, cognitive function, and oral 

intake level were also assessed.

Results: In all, 78 (38.8%) patients were allocated to the NRS group, and 123 (61.2%) patients 

were allocated to the non-NRS group. The median tongue strength and lip strength (interquartile 

range) were significantly lower in the NRS group (tongue: 22.9 kPa [17.7–27.7 kPa] and lip: 

7.2 N [5.6–9.8 N]) compared with the non-NRS group (tongue: 29.7 kPa [24.8–35.1 kPa] and 

lip: 9.9 N [8.4–12.3 N], P,0.001 for both). Multivariable logistic regression analysis showed 

that NRS was independently associated with tongue strength (odds ratio [OR] =0.93, 95% 

confidence interval [CI] 0.87–0.98, P=0.012) and lip strength (OR =0.76, 95% CI 0.66–0.88, 

P,0.001), even after adjusting for age, sex, comorbidity, physical function, cognitive function, 

and oral intake level.

Conclusion: The likelihood of occurrence of NRS decreased when tongue strength or lip strength 

increased. Tongue strength and lip strength may be important factors for preventing and improving 

NRS, regardless of the presence of low oral intake level in older rehabilitation inpatients.
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Introduction
Rehabilitation hospitals have many more malnourished patients compared with other 

residential settings, acute hospitals, nursing homes, and in community dwelling 

older people.1 The prevalence of malnutrition in rehabilitation inpatients has been 

reported as 28%–53%.1–3 Malnutrition in older patients is important as it contributes 

to adverse outcomes such as decline in functional ability, prolonged hospital stay, 

discharge to high-care facilities, high medical care costs, and mortality.2,4 In recent 

years, sarcopenia, a condition of progressive and generalized loss of skeletal muscle 

mass and strength, has been recognized as a serious problem in older adults.5 

Sarcopenia has negative effects on clinical outcomes, including longer hospital 

stays, readmission after discharge, and mortality.6 The prevalence of sarcopenia is 

reported to be approximately $50% in inpatients with malnutrition in rehabilitation 
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units after acute illness.7,8 One of the causes of sarcopenia  

is malnutrition, which is called nutrition-related sarcopenia 

(NRS).5 Taken together, NRS can be a serious problem leading 

to adverse outcomes among older rehabilitation inpatients. 

Malnutrition occurs as a result of reduced dietary intake,9–11 

and many rehabilitation inpatients consume less energy and 

protein than normal people.12 Malnutrition resulting from 

poor oral intake can cause sarcopenia and subsequently 

lead to adverse outcomes for rehabilitation patients. As oral 

intake involves oral function, clarification of the relationship 

between oral function and NRS may be important.

Oral strength plays an important role during eating 

and drinking. Tongue strength is related to the swallowing 

function and nutritional status,13–15 and many patients with 

difficulty swallowing (dysphagia) are malnourished.16 

Decreased tongue strength has been associated with aging 

and sarcopenia.17–20 Therefore, decreased tongue strength 

may be related to NRS. A low level of lip strength is related 

to difficulty eating and drinking, as is a low level of tongue 

strength.21 In addition, lip posture alters (eg, pendency, the 

presence of labial fornices) with aging.22 Thus, lip strength 

may also be related to NRS.

The goal of the current study was to explore the rela-

tionship between tongue strength and lip strength and NRS. 

We hypothesized that NRS would be significantly associated 

with tongue strength and lip strength in older rehabilita-

tion patients.

Patients and methods
Patients
This cross-sectional study was conducted in older inpatients 

($65 years) consecutively admitted from acute hospitals to 

our hospital in Tokyo, Japan, between October 2014 and 

March 2016. Our hospital has 200 beds and accepts patients 

with physical, swallowing, cognitive, or language disorders 

for rehabilitation after acute hospital stays. All measurements 

were assessed within a week of hospitalization. The study 

was approved by the ethical review committee of Setagaya 

Memorial Hospital. Written informed consent was obtained 

from all participants and their families or legal representa-

tives. The exclusion criteria were as follows: 1) Mini-Mental 

State Examination (MMSE) score #20 reflecting moderate-

to-severe cognitive dysfunction,23 as this could potentially 

cause difficulty in accurately measuring oral strength; 2) a 

history of cerebrovascular disease, head and neck cancer, or 

underlying neuromuscular disease such as Parkinson’s disease 

that might directly impair the nerves or muscles involved in 

oral strength; 3) loss of any upper or lower incisors, as a 

complete set of incisors is needed to use the apparatuses for 

measuring oral strength; 4) tooth pain or inadequate denture 

or mobile tooth assessed by dental hygienists, as these can 

affect the measurement of oral strength and diet level; and 

5) patients diagnosed with depression by their attending 

physician, as this can potentially affect nutritional status and 

oral strength measurements.

Assessment of nrs
NRS was defined by the presence of both malnutrition and 

sarcopenia diagnosed using grip strength and calf circumfer-

ence (CC). The nutritional status was evaluated by trained 

registered dietitians using the Mini Nutritional Assessment – 

Short Form (MNA-SF). The MNA-SF is a questionnaire 

survey recommended for use in the diagnosis of malnutrition 

among older patients,24 with a total score ranging from 0 to 

14 points. The MNA-SF comprises six questions addressing 

decline in food intake and weight loss over the past 3 months, 

mobility, psychological stress or acute disease in the past 

3 months, neuropsychological problems, and body mass 

index (BMI). Malnutrition is indicated by a score of #7, risk 

of malnutrition by a score of 8–11, and favorable nutritional 

status by a score of 12–14. In the present study, MNA-SF 

scores of #7 were used to define malnutrition with reference 

to a previous study.25 Sarcopenia was assessed using grip 

strength (,26 kg for men and ,18 kg for women) and skel-

etal muscle mass based on the criteria of the Asian Working 

Group for Sarcopenia.26 Grip strength was measured in a 

sitting position using a digital grip strength dynamometer 

(TKK 5401; Takei Scientific Instruments, Tokyo, Japan). 

Physical therapists or occupational therapists asked partici-

pants to grip the instrument three times as hard as they could 

in each hand, and the maximal value was recorded. Skeletal 

muscle mass was assessed by measuring CC, a method that 

has been validated for measurement of skeletal muscle mass 

in the diagnosis of sarcopenia.27,28 With the participants in 

a seated position, the tape measure was placed around the 

calf and moved to obtain the maximal circumference with-

out compressing subcutaneous tissues. In participants with 

fractures, measurements were taken on the healthy side. 

CC was measured by one trained rehabilitation therapist 

to eliminate interexaminer variation. The cutoff values for 

sarcopenia were set as CC ,34 cm for men and CC ,33 cm 

for women, as in a previous study.27 Participants were 

divided into the NRS group or the non-NRS group based 

on whether participants had NRS. Participants who did not 

have both malnutrition and sarcopenia were allocated to the 

non-NRS group.
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lip strength measurement
Lip strength was measured by trained speech-language 

pathologists (SLPs) with the lip closure strength indicator 

Lip De Cum (Cosmo Instruments Co., Ltd., Tokyo, Japan).29 

The maximal strength produced to close the lips as hard as 

possible was measured using sensors inserted in the upper 

and lower plastic lip holders. This apparatus could record 

strength acting in the vertical direction and displayed the 

maximum lip strength of the upper and lower lips in combina-

tion. Measurements were taken with participants sitting in a 

relaxed position, three times for 5 s with a 30 s break between 

each measurement. The highest of three measurements was 

recorded as the lip strength of the participants.

Tongue strength measurement
Tongue strength was measured by trained SLPs using an 

apparatus with a balloon-type disposable oral probe on one 

end (JMS, Hiroshima, Japan). This apparatus measures the 

maximal isometric strength of anterior portion by pressing 

the balloon between the tongue and the roof of the mouth. 

Measurements were taken with participants sitting in a 

relaxed position, three times for 5 s with a 30 s break between 

each measurement. The highest of three measurements was 

recorded as the tongue strength of the participants.

Other recorded variables
Other possible factors related to NRS such as age, sex, 

comorbidity, primary disease, days in acute hospital, number 

of remaining teeth and occlusion, basic activities of daily 

living, inflammatory status, cognitive function, and the pres-

ence of low oral intake level were assessed. Comorbidity 

was evaluated using the Charlson Comorbidity Index (CCI) 

that lists 19 comorbid conditions, including diabetes with 

and without end organ damage, congestive heart failure, 

myocardial infarction, peripheral vascular disease, chronic 

pulmonary disease, dementia, cerebrovascular disease, con-

nective tissue disease, peptic ulcer disease, mild and severe 

liver disease, hemiplegia, renal disease, leukemia, lymphoma, 

metastatic and non-metastatic tumors, and acquired immuno-

deficiency syndrome (AIDS), with each condition assigned 

a weight from 1 to 6.30 A higher CCI score indicates greater 

comorbidity. The CCI was assessed by the attending doctor 

in addition to the primary disease. The number of remain-

ing teeth and the occlusion status, which were included 

as variables because of their effects on mastication, were 

assessed by trained dental hygienists. Occlusion status was 

assessed using the Eichner Index, regardless of whether the 

patient had natural or artificial teeth. This assessment was 

performed at the molar region and used to classify patients 

into the following groups: group A (occlusal support for 

molars and premolars on both sides), group B (reduced 

occlusal support), and group C (no occlusal support).31 We 

divided patients into two categories based on the results of 

Eichner Index: group A and group B or C. Basic activities 

of daily living were evaluated by physical therapists or 

occupational therapists using the Barthel Index (BI).32 The 

score ranged from 0 to 100, with higher scores representing 

greater independence. Inflammatory status was assessed 

using C-reactive protein (CRP) concentration, cognitive func-

tion using MMSE, and oral intake level, which can reflect 

the presence of dysphagia, using the Functional Oral Intake 

Scale (FOIS).33 The FOIS score ranged from level 1 (nothing 

by mouth) to 7 (total oral diet with no restrictions). Level 5 

or less indicated the need for special meal preparation and/

or nutritional supplementation such as enteral nutrition or 

intravenous nutrition. The relationship between FOIS and 

the dysphagia severity was confirmed; the former was 

assessed by SLPs, and the latter was diagnosed by videofluo-

roscopic examination of swallowing function in the previous 

study.33 FOIS was assessed by SLPs with .5 years of clinical 

experience in dysphagia management, and low oral intake 

level was determined by level 5 or less in the present study.

statistical analyses
Sample size was calculated using data on malnutrition and 

sarcopenia from our previous study15 and the number of inde-

pendent variables required for multivariable logistic regression 

analysis. Differences between the NRS group and the non-

NRS group were analyzed using the Mann–Whitney U test 

for continuous variables and the chi-squared test or Fisher’s 

exact test for categorical variables. To assess the association 

between sarcopenia and malnutrition, the chi-squared test was 

used. To assess the correlation coefficient between tongue 

strength and lip strength, Spearman’s rank correlation coef-

ficient was used. Multiple regression analyses were conducted 

to assess the relationship between tongue strength or lip 

strength and MNA-SF subitems. Univariable and multivari-

able logistic regression analyses using the forced entry method 

were conducted to assess the relationship between NRS and 

tongue strength and lip strength. The MNA-SF subitem “psy-

chological stress or acute disease in the past 3 months” was 

excluded from all analyses because all participants had a score 

of 0. P,0.05 was considered as statistically significant. SPSS  

Statistics 23 software (IBM Corporation, Armonk, NY, USA) 

was used for all statistical analyses. There were no missing 

data, and all measurement data were available for analysis.
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Results
Clinical characteristics
A total of 201 participants (70 men and 131 women) were 

included in the present study. Table 1 presents the patient 

characteristics. The median age (interquartile range) was 

84 years (79–89 years), and the median MMSE score was 

26 points (23–28 points) for all patients. Orthopedic condi-

tions accounted for 56.7% (114) patients of all primary dis-

eases, and other diseases included digestive (n=12, 6.0%), 

urinary tract (n=23, 11.4%), and skin (n=11, 5.5%) diseases. 

All patients took nutrition orally. The prevalence of malnu-

trition based on the MNA-SF was 44.8% (90) patients, and 

the prevalence of sarcopenia diagnosed by grip strength and 

CC was 76.1% (153) patients. According to the presence of 

NRS, 78 (38.8%) patients were classified as having NRS and 

123 (61.2%) patients were classified as having non-NRS. 

There was a significant association between sarcopenia and 

malnutrition (P=0.002; Table 2). In the non-NRS group, 

87 (70.7%) participants had either malnutrition or sarcopenia 

and 36 (29.3%) participants had neither malnutrition nor 

sarcopenia. There were significant differences between the 

two groups in sex (P=0.001), CCI (P,0.001), primary dis-

ease (P=0.008), MNA-SF (P,0.001), BMI (P,0.001), grip 

strength (P,0.001), CC (P,0.001), BI (P,0.001), MMSE 

(P=0.002), CRP (P=0.005), and FOIS (P,0.001). Signifi-

cant differences were detected between the two groups for 

all MNA-SF subitems except “psychological stress or acute 

disease in the past 3 months” (neuropsychological problems: 

P=0.007, all others: P,0.001). The presence of a decline 

in food intake over the past 3 months (score 0 or 1) in the 

MNA-SF was confirmed in 65/201 (32.3%) subjects, 51/78 

(65.4%) subjects in the NRS group and 14/123 (11.4%) 

subjects in the non-NRS group (P,0.001). The presence of 

low oral intake level was significantly different between the 

two groups (P,0.001): 47/78 (60.3%) subjects in the NRS 

group and 13/123 (10.6%) subjects in the non-NRS group.

Table 1 Participants’ characteristics

Variables All (n=201) NRS group (n=78) Non-NRS group (n=123) P-value

Age (years) 84 (79–89) 85 (82–89) 84 (78–89) 0.156
Men 70 (34.8) 38 (48.7) 32 (26) 0.001
CCI 1 (0–2) 1 (1–3) 1 (0–2) ,0.001
Primary disease 0.008

Orthopedic 114 (56.7) 35 (44.9) 79 (64.2)
Cardiology 16 (8) 10 (12.8) 6 (4.9)
respiratory 25 (12.4) 15 (19.2) 10 (8.1)
Others 46 (22.9) 18 (23.1) 28 (22.8)

Days in acute care hospital 36 (23.5–51.5) 37 (23.8–54.3) 33 (23–51) 0.313
remaining teeth 20 (7–26) 17 (5.3–25.3) 21 (9–27) 0.066
eichner Index group A 151 (75.1) 54 (69.2) 97 (78.9) 0.345
MnA-sF 8 (6–9) 6 (4–7) 8 (8–10) ,0.001

Decline in food intake 2 (1–2) 1 (1–2) 2 (2–2) ,0.001
Weight loss 2 (1–3) 1.5 (0–2) 3 (2–3) ,0.001
Mobility 1 (1–1) 1 (0–1) 1 (1–1) ,0.001
neuropsychological problems 2 (2–2) 2 (1–2) 2 (2–2) 0.007
BMI 1 (0–2) 0 (0–1) 1 (0–3) ,0.001

BMI (kg/m2) 19.2 (17.1–22.1) 17.3 (15.2–19.1) 20.7 (18.7–23.2) ,0.001
Malnutrition in MnA-sF 90 (44.8) 78 (100) 12 (9.8) ,0.001
grip strength (kg) 15.1 (11.7–19.5) 12.7 (9.4–15.5) 16.7 (13.4–20.4) ,0.001
CC (cm) 29 (26.5–31.5) 26.5 (24.6–28.9) 30.3 (28–32.4) ,0.001
sarcopenia 153 (76.1) 78 (100) 75 (61) ,0.001
BI 65 (52.5–82.5) 60 (40–75) 75 (60–90) ,0.001
MMse 26 (23–28) 24.5 (22–27) 26 (23–29) 0.002
CrP (mg/dl) 0.23 (0.1–0.73) 0.36 (0.13–0.99) 0.17 (0.09–0.49) 0.005
Tongue strength (kPa) 26.8 (21.8–32.6) 22.9 (17.7–27.7) 29.7 (24.8–35.1) ,0.001
lip strength (n) 9.3 (6.8–11.3) 7.2 (5.6–9.8) 9.9 (8.4–12.3) ,0.001
FOIs 7 (5–7) 5 (5–7) 7 (6–7) ,0.001
low oral intake level 60 (29.9) 47 (60.3) 13 (10.6) ,0.001

Note: Data are expressed as n (%) or median (interquartile range).
Abbreviations: BI, Barthel Index; BMI, body mass index; CC, calf circumference; CCI, Charlson Comorbidity Index; CrP, C-reactive protein; FOIs, Functional Oral Intake 
scale; MMse, Mini-Mental state examination; MnA-sF, Mini nutritional Assessment – short Form; nrs, nutrition-related sarcopenia.
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Oral strength and nutritional status
The correlation coefficient between tongue strength and lip 

strength was 0.36 (P,0.001) in all participants. Tongue 

strength and lip strength were significantly lower in the NRS 

group compared with the non-NRS group (P,0.001 for 

both), although age was not significantly different. Table 3 

presents the results of multiple linear regression analysis for 

the MNA-SF subitems with tongue strength or lip strength 

as a dependent variable. The decline in food intake over the 

past 3 months was independently associated with tongue 

strength and lip strength (tongue strength: P=0.009; lip 

strength: P=0.008).

Oral strength and the presence of nrs
Table 4 presents the results of univariable and multivari-

able logistic regression analyses with the presence of NRS 

as a dependent variable. All variables except age were 

significantly associated with NRS in the univariable logis-

tic regression analysis. Tongue strength and lip strength 

were independently associated with the presence of NRS 

(tongue strength: OR =0.93, 95% CI 0.87–0.98, P=0.012; 

lip strength: OR =0.76, 95% CI 0.66–0.88, P,0.001) in the 

multivariable logistic regression analysis. In other words, 

tongue strength and lip strength were negatively associated 

with the presence of NRS. The Nagelkerke R2 was 0.51, 

and the omnibus test of model coefficients was significant 

(P,0.001) in this model.

Discussion
The present study found that tongue strength and lip strength 

were negatively associated with the presence of NRS. 

Furthermore, the greater the decline in food intake over 

the past 3 months, the weaker the tongue strength and lip 

strength. To our knowledge, this is the first study to investi-

gate oral strength in relation to NRS. These results suggest 

that tongue strength and lip strength would be useful indices 

for the presence of NRS and that there is a causal relationship 

between tongue strength and lip strength and NRS.

There are some plausible mechanisms for our results. 

Participants in the present study did not have disease that 

directly impaired oral strength, such as stroke, Parkinson’s 

disease, or head and neck cancer. Therefore, decreased tongue 

strength and lip strength can occur due to sarcopenia. The 

association between tongue muscle and sarcopenia factors 

has been shown in previous studies. Tongue strength has been 

positively associated with grip strength in older adults,16,34 

and tongue muscle thickness has been positively associated 

with mid-arm muscle mass in older adults.35 However, tongue 

strength is an important component of feeding. Decreased 

tongue strength is related to oral and pharyngeal residues, 

aspiration, lower oral intake level, longer meal times, and 

low food consumption.16,36–38 Thus, decreased tongue strength 

could occur due to sarcopenia and concurrently promote 

NRS. Grip strength has been positively associated with lip 

strength and tongue strength, independent of masticatory 

efficiency in older adults.39 Lips are constructed to prevent 

the escape of solids or liquids from the oral cavity.40 Lips 

also act cooperatively during chewing and are associated with 

chewing efficiency.41,42 Lip function is related to meal texture 

and malnutrition.43,44 Furthermore, the lip-closing function 

during meal consumption was significantly decreased in 

older adults compared with young adults.45 This previous 

finding suggests that the orbicularis oris muscle is potentially 

Table 2 The association between sarcopenia and malnutrition

Variables Sarcopenia 
(n=153)

Non-sarcopenia 
(n=48)

P-value

Malnutrition 78 (51.0) 12 (25.0) 0.002
non-malnutrition 75 (49.0) 36 (75.0)

Note: Data are expressed as n (%).

Table 3 Multiple regression analyses for tongue strength and lip strength with MnA-sF subitems

MNA-SF subitem Dependent variable B SE 95% CI Coefficients (beta) P-value

Decline in food intake 
over the past 3 months

Tongue strength 2.55 0.97 0.64–4.45 0.19 0.009
lip strength 1.84 0.69 0.48–3.19 0.21 0.008

Weight loss over the 
past 3 months

Tongue strength
lip strength

0.48
0.05

0.46
0.33

-0.44–1.39
-0.60–0.69

0.07
0.01

0.305
0.890

Mobility Tongue strength 5.47 1.37 2.77–8.18 0.26 ,0.001
lip strength 1.14 0.97 -0.78–3.06 0.08 0.243

neuropsychological 
problems

Tongue strength
lip strength

0.43
1.37

1.30
0.92

-2.13–2.98
-0.44–3.19

0.02 0.743
0.10 0.138

BMI Tongue strength 0.43 0.45 1.15–2.92 0.28 ,0.001
lip strength 1.02 0.32 0.40–1.65 0.22 0.002

Abbreviations: BMI, body mass index; CI, confidence interval; MNA-SF, Mini Nutritional Assessment – Short Form; SE, standard error.
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fatigued during meal consumption in adults with age-related 

sarcopenia. Taken together, decreased lip strength could 

occur due to sarcopenia and concurrently promote NRS, as 

could decreased tongue strength. Reduced tongue strength 

and lip strength were significantly associated with decline in 

food intake over the past 3 months. This result suggests that 

reduced tongue strength and lip strength occurred because 

of poor oral intake. Conversely, poor oral intake might 

have occurred because of decreased tongue strength and 

lip strength during acute hospital stays in the present study. 

The association between sarcopenia and inflammation was 

indicated in previous studies,46 and a significant difference in 

inflammation was also observed between the two groups in 

the present study. Although we did not include CRP in mul-

tivariable logistic regression analysis, CRP concentrations 

in the NRS group appeared to be low and had little effect on 

NRS, as demonstrated in previous studies.46,47

In the multivariable logistic regression analysis, tongue 

strength and lip strength were associated with NRS, inde-

pendent of low oral intake level. Oral strength is typically 

assessed using a device that measures tongue or lip strength 

when patients are thought to have swallowing problems, 

and patients with a low oral intake level are provided with 

oral resistance exercises to improve tongue strength and lip 

strength and swallowing function.14,48 However, our results 

suggest that tongue strength and lip strength should also be 

measured for older inpatients without a low oral intake level 

to prevent or improve NRS. The results of the Nagelkerke 

R2 indicated that our findings were moderately useful for the 

interpretation of NRS in older rehabilitation inpatients.

study limitations
The present study had several limitations that should be 

acknowledged. First, the study was cross-sectional; therefore, 

causal relationships could not be determined. Second, 

malnutrition was defined by malnutrition in MNA-SF as a 

screening test for nutritional status. The European Society of 

Clinical Nutrition and Metabolism recently developed new 

malnutrition criteria because of a previous lack of consensus 

about diagnostic criteria.24 In these criteria, patients must 

first fulfill the criterion for being “at risk” of malnutrition 

by any validated risk screening tool. Second, the diagnostic 

criterion of low BMI or the combined finding of weight loss 

with either reduced BMI or a low fat-free mass index must 

be met. New criteria were suggested to reduce false positives 

and increase specificity when compared with the MNA-SF for 

adverse outcomes.49 Unfortunately, these diagnostic criteria 

were set after our study was started. Lastly, muscle mass for 

diagnosis of sarcopenia was assessed using CC. Although 

CC was validated as an alternative index for muscle mass, it 

might affect the accuracy of diagnosis for sarcopenia.

Conclusion
Tongue strength and lip strength were negatively associated 

with the presence of NRS. Tongue strength and lip strength 

may be important factors in preventing and improving NRS, 

regardless of the presence of low oral intake level, in older 

rehabilitation inpatients.
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