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Abstract
Objective  The relationship between sarcopenic obesity and masticatory function is poorly understood. This study 
aims to explore this association in community-dwelling individuals aged 75 years or older.

Methods  This study analyzed data from 236 community-dwelling adults aged 75 years or older. Masticatory function 
was assessed using spectrophotometric measurement of gum color differences before and after chewing color-
changeable gum (ΔE*ab). Participants were categorized into tertiles of masticatory function based on their ΔE*ab 
values. The tertiles were defined as low, intermediate, and high. Sarcopenic obesity was assessed using the Consensus 
statement of the Japanese Working Group on Sarcopenic Obesity. Bayesian multinomial logistic regression was 
employed to examine the relationship between masticatory function and sarcopenic obesity.

Results  The prevalence rates for obesity, sarcopenia, and sarcopenic obesity were 15.3%, 24.2%, and 9.7%, 
respectively. After adjusting for covariates, participants with high masticatory function had a significantly lower 
posterior estimate of sarcopenic obesity (posterior estimate: −1.83 [95% credible interval: −3.66, −0.22]) and 
sarcopenia (posterior estimate: −1.97 [95% credible interval: −3.37, −0.72]) compared with participants with low 
masticatory function. However, no significant associations were observed between masticatory function and obesity.

Conclusions  These findings suggest that high masticatory function is associated with a significantly lower 
prevalence of sarcopenic obesity in older adults.
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Introduction
In recent years, sarcopenic obesity has become increas-
ingly prevalent, affecting more than one in ten older 
adults worldwide [1]. This condition is linked to 
increased risks of cardiometabolic diseases, cancer, mor-
tality, and reduced quality of life [2, 3]. Furthermore, 
compared with sarcopenia or obesity, sarcopenic obe-
sity is associated with an increased risk of adverse clini-
cal outcomes, including cardiovascular disease, physical 
disability, frailty, and mortality [4–6]. Therefore, early 
detection and management of risk factors for sarcopenic 
obesity are crucial for extending lifespan and alleviating 
healthcare burdens.

Sarcopenic obesity is influenced by various risk factors, 
including age-related changes in body composition, hor-
monal differences between sexes, inflammation, physical 
inactivity, and diabetes [7, 8]. Proposed treatment strate-
gies often focus on lifestyle interventions, such as nutri-
tion (e.g., protein supplementation) and exercise.

Recent studies have highlighted a potential link 
between oral function and sarcopenic obesity [9]. Fur-
thermore, an association between masticatory function 
and both obesity [10] and sarcopenia [11, 12] has been 
reported, indicating that this relationship may be influ-
enced by nutritional factors. However, to date, no studies 

have directly explored the relationship between mastica-
tory function and sarcopenic obesity.

This study addresses this gap by examining the associa-
tion between masticatory function and sarcopenic obe-
sity in community-dwelling older adults.

Methods
Study design
This cross-sectional study utilized data from the 2018 
Tosa Longitudinal Aging Study (TLAS) [13], conducted 
as part of resident welfare activities in Tosa Town. The 
study included residents aged 75 years or older, exclud-
ing those who were hospitalized or institutionalized. In 
2018, 189 of the 1,079 residents aged 75 years or older 
in Tosa Town were hospitalized or institutionalized. The 
remaining 890 residents were invited to join the 2018 
TLAS and 260 (29.2%) consented to participate. Of these, 
24 individuals with incomplete data on (a) grip strength, 
(b) body composition, (c) gait speed, (d) height, (e) body 
weight, and (f ) masticatory function were excluded from 
the study. As a result, 236 participants were included in 
the final analysis (Fig. 1). The 2018 TLAS obtained ethi-
cal approval from the Ethics Committee of the Graduate 
School of Medicine, Kyoto University (approval number: 
C1292). Written informed consent was obtained from all 
the participants before the commencement of the study. 

Fig. 1  Flow diagram of participant selection
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All procedures were performed in accordance with the 
principles of the Declaration of Helsinki on experimen-
tation involving human subjects. This study adhered to 
the Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines for reporting observational 
studies. Clinical trial number: not applicable.

Assessment of sarcopenia, obesity and sarcopenic obesity
In this study, sarcopenic obesity, sarcopenia, and obesity 
were defined according to the consensus statement on 
sarcopenic obesity by Ishii et al. [14] and the criteria of 
the Asian Working Group for Sarcopenia 2019 (AWGS 
2019) [15]. Specifically, sarcopenic obesity was defined as 
the coexistence of sarcopenia, characterized by low mus-
cle mass along with either low muscle strength or low 
physical function [14, 15], and obesity, defined as a high 
body mass index (BMI) and high body fat percentage 
[14]. Because this study was conducted before the pub-
lication of the Ishii et al. statement, the five times sit-to-
stand test recommended for evaluating physical function 
was not used. Instead, gait speed was adopted to evaluate 
physical function, based on the recommendations of the 
AWGS 2019 [15].

Skeletal muscle mass and body fat percentage were 
measured using bioelectrical impedance analysis with an 
InBody S10 body composition analyzer (Biospace, Seoul, 
Korea) while participants were seated. Grip strength was 
recorded from separate measurements of the right and 
left hand using a dynamometer (TKK5401; Takei Scien-
tific Instruments Co., Ltd., Niigata, Japan), and the high-
est value was recorded. Gait speed was measured over 
a 4-meter course while the participants walked at their 
usual pace. Low muscle mass was defined as the muscle 
mass of the limbs relative to BMI, with a threshold of 
<0.512 kg/BMI for females and <0.789 kg/BMI for males; 
low muscle strength was defined as a grip strength of 
<18  kg in females and <28  kg in males; and low physi-
cal function was defined as a gait speed of <1.0 m/s; high 
BMI was defined as a BMI of ≥25  kg/m²; high body fat 
percentage was defined as a body fat percentage of ≥30% 
in females and ≥20% in males [14–16].

Assessment of masticatory function
The masticatory function was evaluated by trained 
examiners using a masticatory function evaluation gum 
(XYLITOL, 70 × 20 × 1 mm, 3.0 g; Lotte, Saitama, Japan). 
The participants chewed gum for 2 min to simulate nor-
mal food chewing [17]. A CR-13 color reader (Konica 
Minolta Holdings, Inc., Tokyo, Japan) was used to mea-
sure the color change of the chewed gum according to 
a standardized protocol [18, 19]. The color difference 
(∆E*ab) before and after chewing was calculated using 
the International Commission on Illumination laboratory 
color space using the following formula: ∆E*ab = √{(∆L*)² 

+ (∆a*)² + (∆b*)²}. The initial L*, a*, and b* values were 
72.8, 12.1, and 34.0, respectively. Although no established 
cutoff exists for ∆E*ab, this study categorized participants 
into tertiles of masticatory function based on their ∆E*ab 
values (range 17.4–64.1). The tertiles were defined as low 
(≤51.0), intermediate (51.0–56.2), and high (>56.3).

Covariates
Trained dentists assessed participants’ oral health sta-
tus, including the number of present teeth and denture 
use. Nutritional status was assessed using the 11-item 
Food Diversity Score Kyoto (FDSK-11), an index evalu-
ating food diversity based on the frequency of consump-
tion across eleven major food groups (cereals, potatoes, 
legumes, meat, fish, shellfish, eggs, dairy products, veg-
etables, seaweed, nuts, and fruits) [20]. Each food group 
was scored as 1 if consumed more than once a week and 0 
if consumed less frequently, yielding a total score ranging 
from 0 to 11, with higher scores indicating greater dietary 
diversity. Additional covariates, such as age, sex, hyper-
tension, diabetes, dyslipidemia, heart disease, stroke, 
physical activity, smoking history, alcohol consumption, 
mild cognitive impairment (MCI), and dementia, were 
assessed using questionnaires. Diagnoses of MCI and 
dementia were confirmed by a neurologist [21].

Statistical analysis
The participant characteristics according to sarcopenia 
and obesity status were analyzed using descriptive sta-
tistics. Bayesian multinomial logistic regression analysis 
was employed to assess the association between masti-
catory function and sarcopenic obesity, using the group 
without sarcopenia and obesity as the reference group. 
Bayesian models are particularly suited for studies with 
small sample sizes [22, 23]. Based on previous studies [7, 
8], the regression analysis included three models. Model 
1 was unadjusted. Model 2 was adjusted for age and sex. 
Model 3 included Model 2 as well as additional factors 
such as FDSK-11, number of teeth present, denture use, 
physical activity, and diabetes [7, 8]. Variables were con-
sidered significant if the posterior 95% credible intervals 
(CrI) excluded zero, with the posterior median serving as 
the summary statistic for all regression analyses. Model 
performance was evaluated using the deviance informa-
tion criterion (DIC), with lower DIC values indicating 
a better balance between model fit and complexity. All 
analyses were conducted using Stata software (version 
18.0, StataCorp, College Station, USA).

Results
Characteristics of participants according to sarcopenia, 
obesity, and sarcopenic obesity status
Table  1 shows the characteristics of the participants 
based on sarcopenia and obesity status. The median age 
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was 82 years (interquartile range 78.0; 85.0), with 143 
females (60.6%) and 93 males (39.4%). The prevalence 
rates for obesity, sarcopenia, and sarcopenic obesity were 
15.3%, 24.2%, and 9.7%, respectively.

Association between masticatory function and sarcopenic 
obesity
Table 2 summarizes the results of Bayesian multinomial 
logistic regression analysis examining the association 
between sarcopenic obesity and masticatory function. 
In the unadjusted model (Model 1), compared with par-
ticipants with low masticatory function, those with high 
masticatory function had a significantly lower posterior 
estimate of sarcopenic obesity (posterior estimate: −1.64 
[95% CrI: −3.09, −0.46], DIC = 568.137). In the adjusted 
model, the association remained significant after 
accounting for age and sex (Model 2: posterior estimate: 
−1.74 [95% CrI: −3.21, −0.45], DIC = 562.177), as well as 
physical activity, diabetes, number of present teeth, and 
denture use (Model 3: posterior estimate: −1.83 [95% CrI: 
−3.66, −0.22], DIC = 502.966). Additionally, a significant 
association was observed between masticatory func-
tion and sarcopenia (Model 3: posterior estimate: −1.97 
[95% CrI: −3.37, −0.72], DIC = 502.966). However, no 

significant association was observed between mastica-
tory function and obesity (Model 3: posterior estimate: 
−0.95 [95% CrI: −2.45, 0.56], DIC = 502.966). Model 3 
showed a lower DIC value and a better balance between 
model fit and complexity than Models 1 and 2 (Model 3: 
DIC = 502.966 vs. Model 1: DIC = 568.137 and Model 2: 
DIC = 562.177).

Association between covariates and sarcopenic obesity
Table 2 presents the results of the Bayesian multinomial 
logistic regression analysis examining the association 
between sarcopenic obesity and covariates. A positive 
association was observed between age and sarcopenia 
(Model 3: posterior estimate: 0.13 [95% CrI: 0.06, 0.19], 
DIC = 502.966). Additionally, a negative association 
was suggested between denture use and obesity (Model 
3: posterior estimate: −1.77 [95% CrI: −3.13, −0.35], 
DIC = 502.966).

Discussion
This cross-sectional study suggested that older adults 
with high masticatory function had a significantly lower 
prevalence of sarcopenic obesity and sarcopenia com-
pared with participants with low masticatory function. 

Table 1  Characteristics of participants according to sarcopenia, obesity, and sarcopenic obesity status
Variable Control

(N = 120, 50.8%)
Obesity
(N = 36, 15.3%)

Sarcopenia
(N = 57, 24.2%)

Sarcopenic obesity
(N = 23, 9.7%)

Age (years), median [IQR] 81.0 [78.0; 84.0] 80.5 [78.0; 84.0] 84.0 [81.0; 88.0] 83.0 [78.0; 86.0]
Sex, n (%)
Female 78 (65.0) 21 (58.3) 32 (56.1) 12 (52.2)
Male 42 (35.0) 15 (41.7) 25 (43.9) 11 (47.8)
Group (∆E*ab), n (%)
  Low masticatory function 31 (25.8) 9 (25.0) 27 (47.4) 12 (52.2)
  Intermediate masticatory function 39 (32.5) 14 (38.9) 19 (33.3) 7 (30.4)
  High masticatory function 50 (41.7) 13 (36.1) 11 (19.3) 4 (17.4)
FDSK-11, median [IQR] 11.0 [11.0; 11.0] 11.0 [10.0; 11.0] 11.0 [10.0; 11.0] 11.0 [10.0; 11.0]
Limb skeletal muscle mass (kg), mean (SD) 15.1 (3.5) 17.6 (4.3) 11.9 (3.1) 15.6 (3.8)
Handgrip strength (kg), mean (SD) 24.9 (7.0) 27.2 (8.5) 19.5 (6.4) 21.1 (7.3)
Gait speed (m/s), mean (SD) 1.2 (0.3) 1.1 (0.3) 0.9 (0.3) 0.9 (0.3)
BMI (kg/m2), mean (SD) 21.6 (2.1) 27.3 (2.2) 22.2 (2.4) 27.7 (2.4)
Body fat percentage, mean (SD) 22.8 (6.5) 32.5 (5.5) 26.3 (5.9) 35.5 (5.6)
Number of present teeth, median [IQR] 15.5 [4.0; 23.0] 15.0 [0.0; 25.5] 9.0 [0.0; 19.0] 13.0 [0.0; 23.0]
Denture use, n (%) 88 (75.2) 21 (60.0) 43 (78.2) 17 (77.3)
Hypertension, n (%) 79 (65.8) 29 (80.6) 33 (57.9) 18 (78.3)
Diabetes, n (%) 15 (12.5) 6 (16.7) 9 (15.8) 3 (13.0)
Dyslipidemia, n (%) 15 (12.5) 4 (11.1) 5 (8.8) 2 (8.7)
Heart disease, n (%) 10 (8.3) 5 (13.9) 6 (10.5) 2 (8.7)
Stroke, n (%) 7 (5.8) 1 (2.8) 5 (8.8) 2 (8.7)
MCI, n (%) 7 (6.7) 1 (3.2) 10 (21.7) 1 (5.9)
Dementia, n (%) 3 (2.9) 0 (0.0) 3 (6.5) 0 (0.0)
Low physical activity, n (%) 23 (20.0) 13 (38.2) 11 (20.0) 5 (22.7)
Smoking history, n (%) 29 (24.8) 6 (16.7) 18 (31.6) 3 (13.6)
Alcohol consumption habits, n (%) 22 (19.1) 7 (20.0) 6 (11.1) 4 (18.2)
Abbreviations: FDSK-11, 11-item Food Diversity Score Kyoto; BMI, body mass index; MCI, mild cognitive impairment
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However, no significant association was observed 
between masticatory function and obesity.

To date, research exploring the relationship between 
sarcopenic obesity and oral health remains limited. To 
the best of our knowledge, only one previous study inves-
tigated the association between sarcopenic obesity and 
oral function [9]. The study demonstrated an association 
between oral function, assessed using a screening index 
(8 categories: voice, lips, mucous membranes, tongue, 
gums, teeth, dentures, saliva production, and swallowing 
function), and sarcopenic obesity in patients with stroke 
undergoing rehabilitation. These findings are consistent 
with the results of this study. Regarding the relationship 
between sarcopenia and masticatory function, Murakami 
et al. classified masticatory function as good or poor and 
found a significant association between sarcopenia and 
masticatory function [12]. Similarly, Abe et al. evalu-
ated masticatory function as a continuous variable and 
found a significant association with possible sarcopenia 
[24]. Consistent with these findings, this study also sug-
gested a significant association between sarcopenia and 

masticatory function when masticatory function was cat-
egorized into tertiles. However, previous studies did not 
evaluate the association between masticatory function 
and sarcopenic obesity [9, 12, 24]. To our knowledge, this 
study is the first epidemiological study to examine the 
association between masticatory function and sarcopenic 
obesity.

The results of this study did not show a significant asso-
ciation between masticatory function and obesity, which 
contrasts with the systematic review by Tada et al. [10]. 
A possible explanation for this discrepancy may be dif-
ferences in the definition of obesity. Previous studies 
have defined obesity using only BMI [10], whereas in this 
study, obesity was defined using both BMI and body fat 
percentage.

Nutritional factors may play a critical role in the mech-
anism explaining the association between masticatory 
function and sarcopenic obesity. Previous studies have 
demonstrated a strong connection between masticatory 
function and nutritional factors, with individuals expe-
riencing reduced masticatory function often reporting 

Table 2  Association between masticatory function and sarcopenic obesity
Variable Posterior estimate (95% CrI) d DIC

Obesity Sarcopenia Sarcopenic obesity
Model 1a 568.137
Group (∆E*ab)
  Low masticatory function Reference Reference Reference
  Intermediate masticatory function 0.23 (−0.76, 1.22) −0.60 (−1.35, 0.16) −0.79 (−1.89, 0.28)
  High masticatory function  −0.10 (−1.07, 0.90) −1.40 (−2.29, −0.59) −1.64 (–3.09, −0.46)
Model 2b 562.177
Group (∆E*ab)
  Low masticatory function Reference Reference Reference
  Intermediate masticatory function 0.21 (−0.75, 1.24) −0.40 (−1.24, 0.40) −0.72 (−1.90, 0.33)
  High masticatory function −0.22 (−1.26, 0.84) −1.19 (−2.15, − 0.30) −1.74 (−3.21, −0.45)
Age (per one increase) −0.01 (−0.10, 0.08) 0.12 (0.05, 0.20) 0.05 (−0.04, 0.15)
Sex: male 0.37 (−0.44, 1.18) 0.75 (0.01, 1.51) 0.95 (−0.05, 1.93)
Model 3c 502.966
Group (∆E*ab)
  Low masticatory function Reference Reference Reference
  Intermediate masticatory function −0.22 (−1.46, 0.99) −0.67 (−1.62, 0.21) −0.98 (−2.26, 0.16)
  High masticatory function −0.95 (−2.45, 0.56) −1.97 (−3.37, −0.72) −1.83 (−3.66, −0.22)
Age (per one increase) −0.01 (−0.09, 0.07) 0.13 (0.06, 0.19) 0.04 (−0.04, 0.12)
Sex: male 0.08 (−0.91, 1.05) 0.70 (−0.18, 1.58) 0.75 (−0.36, 1.81)
FDSK-11 0.15 (−0.46, 0.70) −0.24 (−0.79, 0.25) 0.10 (−0.67, 0.88)
Number of present teeth (per one increase) −0.01 (−0.08, 0.06) 0.03 (−0.02, 0.09) 0.02 (−0.06, 0.09)
Denture use −1.77 (−3.13, −0.35) −0.25 (−1.50, 0.94) −0.16 (−1.70, 1.45)
Low physical activity 0.87 (−0.12, 1.84) 0.01 (−1.00, 0.86) 0.36 (−0.85, 1.43)
Diabetes 0.02 (−1.73, 1.46) 0.60 (−0.54, 1.68) 0.48 (−1.33, 1.89)
The group without sarcopenia, obesity, and sarcopenic obesity as the reference group.

Abbreviations: CrI, credible interval; DIC, deviance information criterion; FDSK-11, 11-item Food Diversity Score Kyoto.
aUnadjusted model.
bModel adjusted for age, sex.
cModel adjusted for age, sex, number of present teeth, denture use, low physical activity, diabetes.
dVariables were considered statistically significant when 95% CrI did not include 0.



Page 6 of 7Shiraki et al. BMC Geriatrics          (2025) 25:191 

limited food selection and decreased nutritional intake 
[25, 26]. Furthermore, our 5-year cohort study [27] found 
that older adults with insufficient dentition had signifi-
cantly lower intakes of protein, calcium, and antioxidant 
vitamins than those with adequate dentition. Several 
studies have identified calorie, protein, and antioxidant 
intake as key factors in mitigating the risk of sarcopenic 
obesity [28–30]. A meta-analysis by Kim et al. revealed 
that older adults who followed an energy-restricted, 
high-protein diet (intake ≥1.0  g/kg/day) maintained 
muscle mass more effectively while achieving a greater 
reduction in fat mass [31]. These findings suggest that 
high masticatory function may contribute to maintaining 
muscle mass through high protein intake.

Changes in body composition and muscle quality 
(muscle mass and strength) may be another potential 
mechanism explaining the relationship between mastica-
tory function and sarcopenic obesity. Some studies have 
reported an association between masticatory function 
and handgrip strength [32] and physical function [33]. 
Moreover, reduction in muscle mass has been shown to 
lead to decreased muscle strength, which results in mus-
cle atrophy and impaired function [34]. In addition, obe-
sity causes skeletal muscle inflammation [35, 36], which 
may affect muscle quality (muscle mass and strength) and 
masticatory function. Taken together, these studies sug-
gest that the relationship between masticatory function 
and sarcopenic obesity may result from a decline in mus-
cle strength due to a reduction in muscle mass.

This study has some limitations. First, the number of 
participants represented only 26.52% of older adults aged 
75 years or older in Tosa Town, which limits the exter-
nal validity of the results. Second, the participants were 
local residents who voluntarily joined the local health 
program. Therefore, it is likely that these individuals 
were more health conscious than those who did not par-
ticipate, which could introduce selection bias. Third, as 
this was a cross-sectional study, we could not determine 
a causal relationship between sarcopenic obesity and 
masticatory function. Fourth, because the study used a 
dataset from a local health program, it was not feasible 
to calculate the sample size prior to the survey. Conse-
quently, the sample size was insufficient, potentially lim-
iting the statistical power to detect associations between 
masticatory function, sarcopenia, and obesity. Finally, we 
were unable to examine detailed nutritional data, such as 
calorie intake. Although this study evaluated food intake 
diversity as a nutritional factor, more specific nutritional 
information could not be examined.

Despite these limitations, the public health significance 
of this study lies in its suggestion that masticatory func-
tion may play a protective role against sarcopenic obesity 
in older adults. Maintaining and improving masticatory 
function not only contributes to improving quality of 

life by preventing a decline in the function of the entire 
musculoskeletal system but may also help reduce medical 
costs.

Conclusion
In conclusion, this cross-sectional study found that high 
masticatory function in older adults was associated with 
a significantly lower prevalence of sarcopenic obesity.
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