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Abstract: This study aimed to examine the relationship between eating speed and hemoglobin
A1c (HbA1c), considering the number of teeth, using cross-sectional health examination data from
community-dwelling older individuals in Japan. We used data from the Center for Community-Based
Healthcare Research and Education Study in 2019. We collected data on gender, age, body mass
index, blood test results, Salt intake, bone mineral density, body fat percentage, muscle mass, basal
metabolic rate, number of teeth, and lifestyle information. Eating speed was evaluated subjectively
as fast, normal, or slow. Overall, 702 participants were enrolled in the study and 481 participants
were analyzed. Multivariate logistic regression analysis revealed a significant association between
fast eating speed and being a male (odds ratio [95% confidence interval]: 2.15 [1.02–4.53]), HbA1c
(1.60 [1.17–2.19]), salt intake (1.11 [1.01–1.22]), muscle mass (1.05 [1.00–1.09]), and enough sleep
(1.60 [1.03–2.50]). Fast eating may be associated with overall health and lifestyle. The characteristics
of fast eaters, after taking oral information into consideration, tended to increase the risk of type
2 diabetes, renal dysfunction, and hypertension. Dental professionals should provide dietary and
lifestyle guidance to fast eaters.

Keywords: eating speed; oral health status; HbA1c; type 2 diabetes; salt intake

1. Introduction

In a large cohort study in Japan, unhealthy dietary habits were reported to affect
obesity and other health conditions [1]. Examples of unhealthy eating habits are snack
food consumption, late-night meal consumption, and fast eating [2,3]. Of these, fast eating
has been noted to have the potential for widespread health effects [4]. In general, fast
eating has been reported to be associated with systemic diseases such as obesity, type
2 diabetes, non-alcoholic fatty liver disease, and renal dysfunction [5–7]. Although there is
no fixed definition of eating speed, in many studies, a patient’s subjective eating speed is
important in the assessment of time [8]. The assessment of self-reported eating speed is also
included in the self-administered diet history questionnaire (DHQ), which was developed
to evaluate the dietary habits of the Japanese population and has been suggested to be
related to eating habits and obesity levels [9]. A meta-analysis has reported a higher body
mass index (BMI) when eating faster [8]. Eating speed has also been reported to be signifi-
cantly associated with a higher risk of metabolic syndrome, elevated blood pressure, and
obesity [10]. In addition, eating speed may be associated with proinflammatory cytokines
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(IL-1β) in Japanese men without metabolic diseases [11]. Conversely, slower eating speeds
have been reported to reduce excess food and energy intake [12]. Therefore, eating speed,
which is a lifestyle habit, is highly likely to have an impact on health. Focusing on type
2 diabetes, which is strongly associated with metabolic syndrome, it has been reported that
fast eating speed is associated with a rapid increase in blood glucose levels [13,14]. Eating
speed has also been implicated as an intermediate factor in obesity, and may be associated
with diabetes [15]. In addition, some reports suggest that fast eating speeds double the
increased risk of type 2 diabetes [16]. However, while gender, age, and BMI have been
adjusted for as confounding factors in many studies, few studies have considered oral and
dental health status.

Whether oral and dental health status influences eating speed is controversial. The
association between masticatory function and eating speed is contradicted by reports
that people with fewer dental prostheses eat faster, while a study of 30,938 Japanese
adults reported that masticatory difficulty was associated with higher hemoglobin A1c
(HbA1c) [17]. Some studies reported that increasing the number of times of mastication
decreased the speed of eating, whereas others reported that there was no relationship [18,19].
Next, regarding the relationship between the number of teeth and eating speed, a report
found that the probability of having metabolic syndrome was 2.5 times higher in those with
a small number of remaining teeth and fast eating than in those with a large number of
remaining teeth and slow eating [20]. Additionally, a higher number of remaining teeth and
slower eating speed have been reported to reduce the likelihood of metabolic syndrome in
the older population [20].

Overall, previous studies suggest that eating speed and oral and dental health status
may be related, but few studies have considered such oral and dental health-related factors
in studies of eating speed [20,21].

Therefore, two hypotheses were formulated: first, eating speed is associated with
oral and dental health-related status, and second, even after adjusting for oral and dental
health-related status, systemic health conditions such as type 2 diabetes together with
lifestyle conditions and eating speed are associated [20]. This study aimed to examine
the relationship between eating speed and systemic health conditions, considering oral
and dental health status, using cross-sectional health examination data from community-
dwelling older individuals in Japan.

2. Materials and Methods
2.1. Data Collection

This study used the same dataset as other reports because it is based on datasets ob-
tained from health examinations [22,23]. However, the variables of interest for the analysis
and the analysis methods were different. This study was approved by the Medical Re-
search Ethics Committee of Shimane University Faculty of Medicine (number: 20220622-1).
Written informed consent was obtained from all participants, and data were collected.

2.2. Center for Community-Based Healthcare Research and Education (CoHRE) Study

The CoHRE Study is a cohort study conducted by the Shimane University Center for
Community-based Healthcare Research and Education to predict and prevent lifestyle-
related diseases in Ohnan-cho, Shimane Prefecture [22,24]. Surveys on health and medical
information, various clinical examination information, lifestyle information, human re-
lationship information, social resource information, and medical care cost information
are ongoing.

2.3. Study Design

This study used cross-sectional data from the 2019 Shimane CoHRE Study; the
2019 data are the most recent version of the dataset because surveys have not been con-
ducted after 2019 due to the COVID-19 pandemic [22].
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2.4. Inclusion Criteria

The inclusion criteria were as follows: residents covered by Japan National Health
Insurance; residents of Ohnan-cho, a mid-mountainous area in Shimane Prefecture, Japan;
and residents who participated in the 2019 survey [24].

2.5. Exclusion Criteria

Data from residents with missing values were excluded, and complete data were
analyzed [22,23].

2.6. Collected Data
2.6.1. Background Data

In the CoHRE Study, data were collected annually through standardized question-
naires and physical measurements, blood tests, and urine analysis [22]. We collected data
on the following variables: gender (male/female), age, body mass index, high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglyceride, γ-
glutamyl transpeptidase, glycemic index, HbA1c, estimated glomerular filtration rate,
creatinine, sodium, potassium, salt intake, bone mineral density, body fat percentage, mus-
cle mass, basal metabolic rate, number of teeth, smoking status, physical activity, walking
speed (yes/no), sleeping status, and alcohol consumption (every day, sometimes, none).
Salt intake was measured by estimating salt intake from spot urine specimens (Tanaka
method) [25]. Walking speed and sleep status were binarized as “yes/no”; “yes” corre-
sponded to a walking speed faster than that of an average individual of the same gender at
about the same age and when the respondents were well rested, respectively [26].

2.6.2. Eating Speed

As in previous studies, a self-reported subjective assessment method of food intake
speed was applied [10,27]. Eating speed was evaluated subjectively on a three-point scale:
fast, normal, and slow.

For the analysis, eating speed was treated by dividing the group into two groups: fast
and normal/slow.

2.7. Statistical Analysis

After confirming the normality of participant data using the Shapiro–Wilk test, contin-
uous data were expressed as means and standard deviations, while categorical data were
expressed as numbers (%).

Logistic regression analysis (backward stepwise) was used to control for possible
confounding variables related to eating speed. Partial regression coefficients for each
eating speed outcome were estimated after adjusting for all other variables included in the
model. Adjustment items included gender, age, body mass index, HDL cholesterol, LDL
cholesterol, triglyceride, γ-glutamyl transpeptidase, HbA1c, estimated glomerular filtration
rate, smoking, physical activity, walking speed, sleeping, alcohol consumption, creatinine,
sodium, potassium, salt intake, bone mineral density, body fat percentage, muscle mass,
basal metabolic rate, and the number of teeth. All statistical analyses were performed
using SPSS version 26 (IBM, Armonk, NY, USA). Two-tailed p-values were calculated for
all analyses.

3. Results
3.1. Participant Characteristics

The participants’ characteristics are summarized in Table 1. Overall, 702 partici-
pants were enrolled in the study, and 220 were excluded due to missing data. Ultimately,
481 participants were included in the analysis. Of the participants, 223 (46.4%) were male,
and the mean age was 66.7 (SD: 7.4) years. The mean body mass index was 66.7 (SD:
7.4) kg/m2. The mean HDL cholesterol level was 61.7 (SD: 15.1) mg/dL. The mean LDL
cholesterol level was 121.8 (SD: 27.4) mg/dL. The mean triglyceride level was 101.9 (SD:
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65.3) mg/dL. The mean gamma-glutamyl transpeptidase level was 37.7 (SD: 54.1) IU/L.
The mean HbA1c was 6.0 (SD: 7.0). The mean estimated glomerular filtration rate was
69.4 (SD: 13.1) mL/min/1.73 m2. The mean creatinine was 85.9 (SD: 55.9) mL/min.
The mean sodium was 119.7 (SD: 56.3) mEq/day. The mean potassium was 54.5 (SD:
30.7) mEq/day. The mean salt intake was 9.5 (SD: 2.1) g/day. The mean bone mineral
density was 88.3 (SD: 12.2). The mean body fat percentage was 24.2% (SD: 8.9%). The
mean muscle mass was 41.2% (SD: 8.5%). The mean basal metabolic rate was 1208.3 (SD:
230.8) kcal/day. The mean number of teeth was 23.5 (SD: 7.8). There were 41 (8.5%) smokers.
From the questionnaire, 261 (54.3%) participants answered that they do physical exercises
on a daily basis, 209 (43.5%) answered that their walking speed was fast, and 350 (72.8) re-
spondents answered that they slept well. Eating speed was fast in 136 (28.3%) patients,
normal in 301 (62.6%), and slow in 44 (9.1%). There were 133 (27.7%) participants that
drank alcohol every day, 105 (21.8%) who did sometimes, and 243 (50.5%) who never did.

Table 1. Demographic data of participants (N = 481).

Variables Item n (%) or Mean ± SD

Gender Male 223 (46.4)
Female 258 (53.6)

Age (years) 66.7 ± 7.4
Body mass index (kg/m2) 23.0 ± 3.7
HDL cholesterol (mg/dL) 61.7 ± 15.1
LDL cholesterol (mg/dL) 121.8 ± 27.4
Triglyceride (mg/dL) 101.9 ± 65.3
Gamma-glutamyl transpeptidase (IU/L) 37.7 ± 54.1
Hemoglobin A1c (%) 6.0 ± 0.7
Estimated glomerular filtration rate
(mL/min/1.73 m2) 69.4 ± 13.1

Creatinine (mL/min) 85.9 ± 55.9
Sodium (Na) (mEq/day) 119.7 ± 56.3
Potassium (K) (mEq/day) 54.5 ± 30.7
Salt intake (g/day) 9.5 ± 2.1
Bone mineral density (%YAM) 88.3 ± 12.2
Body fat percentage (%) 24.2 ± 8.9
Muscle mass (%) 41.2 ± 8.5
Basal metabolic rate (kcal/day) 1208.3 ± 230.8
Number of teeth 23.5 ± 7.8
Smoking Yes 41 (8.5)
Physical activity Yes 261 (54.3)
Walking speed Yes 209 (43.5)
Food intake speed early 136 (28.3)

normal 301 (62.6)
slow 44 (9.1)

Sleeping Yes 350 (72.8)

Drinking alcohol
Every day 133 (27.7)
Sometime 105 (21.8)
None 243 (50.5)

3.2. Univariate and Multivariate Logistic Regression Analysis

The results of univariate and multivariate logistic regression analysis are shown in Table 2.
There were no significant associations in univariate analysis between eating speed and gender
(odds ratio [95% confidence interval]: 1.00 [0.67–1.49]), age (0.99 [0.97–1.02]), HDL cholesterol
(0.99 [0.97–1.00]), LDL cholesterol (1.00 [0.99–1.01]), triglyceride (1.00 [1.00–1.00]), gamma-
glutamyl transpeptidase (1.00 [1.00–1.01]), estimated glomerular filtration rate (1.00 [0.98–1.01]),
creatinine (1.00 [1.00–1.00]), sodium (1.00 [1.00–1.01]), potassium (1.00 [0.99–1.00]), bone mineral
density (1.00 [0.99–1.02]), body fat percentage (1.01 [0.99–1.04]), muscle mass (1.02 [1.00–1.04]),
basal metabolic rate (1.00 [1.00–1.00]), number of teeth (1.01 [0.98–1.04]), smoking
(1.08 [0.53–2.23]), physical activity (0.95 [0.64–1.42]), walking speed (0.89 [0.59–1.32]), or drink-
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ing alcohol (1.15 [0.91–1.46]). However, univariate analysis revealed significant correlations be-
tween eating speed and body mass index (odds ratio [95% confidence interval]: 1.07 [1.02–1.13]),
HbA1c (1.60 [1.18–2.18]), and salt intake (1.14 [1.04–1.26]). Because this study used the variable
reduction method during logistic regression analysis, each variable was used once as an ex-
planatory variable in the multiple analysis, but the following variables were finally extracted
as strongly related items. Multivariate logistic regression analysis revealed significant correla-
tions between eating speed and gender (2.15 [1.02–4.53]), HbA1c (1.60 [1.17–2.18]), salt intake
(1.11 [1.01–1.22]), muscle mass (1.05 [1.00–1.09]), and sleeping (1.60 [1.03–2.50]).

Table 2. Factors associated with food intake speed using univariate and multivariate logistic regres-
sion analysis (N = 481).

Variables
Univariate Multivariate

Odds (95% CI) p-Value Odds (95% CI) p-Value

Gender (Male) 1.00 (0.67–1.49) 0.99 2.15 (1.02–4.53) 0.05 *
Age 0.99 (0.97–1.02) 0.55
Body mass index 1.07 (1.02–1.13) 0.01 *
HDL cholesterol 0.99 (0.97–1.00) 0.04
LDL cholesterol 1.00 (0.99–1.01) 0.54
Triglyceride 1.00 (1.00–1.00) 0.66
Gamma-glutamyl transpeptidase 1.00 (1.00–1.01) 0.33
Hemoglobin A1c 1.60 (1.18–2.18) <0.01 * 1.60 (1.17–2.18) <0.01 *
Estimated glomerular filtration rate 1.00 (0.98–1.01) 0.54
Creatinine 1.00 (1.00–1.00) 0.35
Sodium (Na) 1.00 (1.00–1.01) 0.46
Potassium (K) 1.00 (0.99–1.00) 0.21
Salt intake 1.14 (1.04–1.26) <0.01 * 1.11 (1.01–1.22) 0.04 *
Bone mineral density 1.00 (0.99–1.02) 0.90
Body fat percentage 1.01 (0.99–1.04) 0.21
Muscle mass 1.02 (1.00–1.04) 0.13 1.05 (1.00–1.09) 0.04 *
Basal metabolic rate 1.00 (1.00–1.00) 0.06
Number of teeth 1.01 (0.98–1.04) 0.46
Smoking (Yes) 1.08 (0.53–2.23) 0.83
Physical activity (Yes) 0.95 (0.64–1.42) 0.81
Walking speed (Yes) 0.89 (0.59–1.32) 0.55
Sleeping (Yes) 1.56 (1.02–2.41) 0.04 * 1.60 (1.03–2.50) 0.04 *
Drinking alcohol (Every day) 1.15 (0.91–1.46) 0.24

*: p < 0.05

4. Discussion

Our major findings in this study are that fast eating might lead to systemic diseases
such as type 2 diabetes, renal dysfunction, and hypertension even after adjusting for the
number of teeth. A 5-year cohort study analyzing diabetes incidence in 4853 Japanese
participants reported a hazard rate of 2.08 for diabetes incidence at fast eating speeds
compared with slow eating speeds [7]. In a study of Japanese adults that investigated the
relationship between eating speed and poor glycemic control, several reports indicated
that fast eating was associated with poor glycemic control, a measure of postprandial
blood glucose [28,29]. In addition, fast eating speed may be independently associated
with insulin resistance in the Japanese population [30]. Since the results of this study
are consistent with previous reports, we believe that eating speed is also associated with
glycemic control in healthy older people living in the area we studied. However, because
many of the reported studies were based on data from Japan, the results of this study may
differ depending on the effect of race. In fact, as a Japanese-specific report, impaired glucose
tolerance, which results in postprandial hyperglycemia, is common among young, thin
Japanese women with a BMI < 18.5 kg/m2, and is associated with insulin resistance and
adipose tissue abnormalities as the cause of such impaired glucose tolerance [31]. Therefore,
whether the results of this study can be applied to populations other than the Japanese
population should be carefully determined. In basic research, histamine neurons have been
reported to be involved in regulating masticatory function, particularly eating speed, in
experiments using rats. Although histamine neurons in the brain are often explained as
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being activated by slower eating speeds to facilitate visceral fat burning via the sympathetic
nervous system, the detailed mechanism is still unclear [32]. However, the strength of this
study is that we reported results adjusted for masticatory function as a confounding factor.
Although a relationship between masticatory function and eating speed has been reported,
the masticatory function has not been considered a factor related to eating speed in many
studies [19]. Therefore, it is important to note that the results of this study are based on
an analysis that considers oral and dental health status. However, whether masticatory
function positively or negatively correlates with eating speed is a controversial issue that
must be considered.

A review of the literature was conducted on the relationship between eating speed and
salt intake, but no data were obtained to show a relationship between the two. However, it
has been reported that sensitivity to salt increases as the number of chews increases with
the inoculation of hard foods [33]. Since mastication speed is generally considered to slow
down as the number of chews increases, someone with a slower eating speed may have
increased sensitivity to salt intake and may have suppressed salt intake beyond what is
necessary [19]. A review has reported that lower salt intake is associated with a lower
risk of cardiovascular disease, all-cause mortality, kidney disease, stomach cancer, and
osteoporosis [34]. Therefore, while health guidance generally teaches the limitation of salt
intake, correction of fast eating may be more effective as early preventive health guidance.

Multiple reports on gender differences in eating speed indicate that males are generally
faster than females [35]. The presence of gender-related differences in eating speed is
consistent with our findings, as eating speed is thought to be dependent on body size and
bite size. Regarding muscle mass, slow eating speed has been reported to decrease muscle
mass in people with type 2 diabetes [36]. In addition, slow eating has been reported to
increase the likelihood of sarcopenia and undernutrition as well as loss of muscle mass,
and the results of our study were similar [27,37]. However, more detailed cohort studies
are needed to determine the causal relationship between muscle mass and eating speed,
whether muscle mass is reduced because of slower eating speed, or whether the eating
speed is reduced due to decreased function of masticatory muscle groups and muscle
groups related to swallowing caused by reduced muscle mass. The relationship between
sleep and eating speed was difficult to logically examine because no previous studies have
pointed to a link between the two.

One of the concerns in this study was whether oral status was related to the speed
of food intake. Whether oral status would increase or decrease the speed of food intake
was also difficult to predict. This is because if the number of teeth is high, the person can
bite well and thus may eat more slowly; on the other hand, the person may bite more
efficiently and thus may eat more quickly. At least for these two conflicting hypotheses,
our results suggest that the number of teeth is not related to the food intake speed and
that other factors (e.g., swallowing function, cognitive function, etc.) may be involved as
determining factors. The central pattern generator (CPG) in the medulla oblongata of the
brainstem is believed to contribute to the formation of the motor patterns of masticatory
swallowing movements [38]. Because the cerebral cortex is believed to trigger swallowing
and regulate the sequential activity of the brainstem, aging may alter the speed of food
intake by disrupting this regulation [39]. In fact, it has been reported that patients with
amyotrophic lateral sclerosis, a neurological disease, have problems with food intake due to
dysfunction of the CPG in dysphagia, which prevents smooth swallowing [40]. Therefore,
based on the results of this study, we hypothesized that the factors that influence the speed
of food intake can be divided into three categories: background factors (gender, age, and
body size), oral status (masticatory function, swallowing function, tongue pressure, oral
dryness, oral hygiene, and tongue and lip motor function), and neural functions connecting
the brain and the oral cavity, which were not investigated in this study. Mouthful volume
may also be a factor that influences the food intake speed as a separate factor from oral
function. Past reports indicate that there is a negative correlation between mouthful volume
and the number of bites and that the number of bites per mouthful volume decreased as the
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mouthful volume increased [41]. New studies are needed to investigate the determinants
of food intake speed in more detail.

Several intervention studies have been conducted to control fast eating speed. The first
was a randomized crossover design study in which participants were instructed to consume
food under two dietary conditions, with slow eating resulting in significantly lower dietary
energy intake [42]. The two conditions were a fast eating group (eat as quickly as possible:
take large bites, chew quickly, and refrain from pausing and putting the spoon down
between bites) and a slow eating group (eat as slowly as possible: take small bites, chew
each bite thoroughly, and pause and put the spoon down between bites) [42]. The second
study, which showed an association between fast eating speed and elevated blood glucose
levels in a randomized crossover controlled trial on a Japanese female population, used an
intervention method that set a time frame (fast group eating the test food in 10 min and slow
group in 20 min) [13]. Another randomized controlled trial in a Japanese population also
used a time frame intervention method (fast group in 5 min and slow group in 15 min) [43].
Considering these past studies, dental professionals should contribute to the prevention
of systemic diseases by providing the following dietary guidance after restoring normal
eating function by improving oral and swallowing conditions. The instructional approach
to food intake should include chewing with small mouth openings, chewing thoroughly
when chewing, and placing the spoon down on the table as often as possible to increase the
spacing between food transports. It would be better to instruct them that each meal should
take at least 20 min [13]. The key point here is the determination of oral and swallowing
status. All previous studies are based on healthy individuals, albeit of different genders. In
other words, the benefit of this slow eating is based on the assumption that there are no
oral or systemic problems. It is important for dentists and dental hygienists to demonstrate
their expertise in making this determination.

In the Japanese healthcare system, dental hygienists can provide practical guidance on
oral and dental hygiene under the direction of dentists. In general, the main purpose of oral
and dental hygiene instruction is to prevent dental diseases, and nutritional and dietary
guidance are rarely provided so far [44]. Moreover, dental hygienists have rarely provided
instruction or guidance that focuses on fast eating. However, considering the potential for
widespread systemic effects of fast eating as suggested in the present study, it is necessary
to provide guidance on eating too fast, as well as on dietary balance. Eating slowly, or
chewing well not only increases saliva production and improves digestive efficiency, but
also has social significance, such as the enjoyment of taste [45]. Therefore, such dietary
and lifestyle guidance carried out by dental hygienists, along with the restoration of oral
function by dentists, could be considered important in contributing to overall systemic
healthcare and preventing systemic diseases such as type 2 diabetes, renal dysfunction,
and hypertension. In Japan, the collaboration between medicine and dentistry has been
strengthened since 2012, with dentists and dental hygienists playing an increasingly active
role in both clinical practice and research [46]. It is hoped that studies with even larger
sample sizes will become possible in the future and that the factors that make up fast eating
speed and its effects on the whole body will be clarified.

This study has four main limitations. First, the lack of detailed data on medications
and pre-existing treatment status in this study limits adjustment in multivariate analysis.

Second, the causal relationship between the relevant items is unknown because this
was a cross-sectional study. Third, dietary speed was self-reported, which might lead to
low objectivity and reliability. Finally, there was methodological bias such as the examinee
and reporting bias. Future studies are needed to prove this causal relationship through a
prospective cohort study that incorporates data on oral function.

5. Conclusions

Fast eating may be associated with overall health and lifestyle. The characteristics of
fast eaters, after taking oral and dental status into consideration, tended to increase the
risk of type 2 diabetes, renal dysfunction, and hypertension. Dental professionals should
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provide dietary and lifestyle guidance to fast eaters. Additionally, the number of teeth may
not be associated with fast eating.

Author Contributions: Conceptualization, T.K. and M.I.; methodology, Y.M.; software, Y.M.; val-
idation, T.A., K.T. and M.I.; formal analysis, Y.M.; investigation, T.A., K.T. and M.I.; resources,
T.A., K.T. and M.I.; data curation, S.W., Y.N. and M.T.; writing—original draft preparation, S.W.;
writing—review and editing, Y.M. and T.K.; visualization, Y.M.; supervision, M.I. and T.K.; project
administration, T.K.; funding acquisition, T.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Medical Research Ethics
Committee of Shimane University Faculty of Medicine (number: 20220622-1).

Informed Consent Statement: Written informed consent was obtained from all participants.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to express our appreciation to all the staff members of the
Department of Oral and Maxillofacial Surgery, Shimane University Faculty of Medicine.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ishida, Y.; Yoshida, D.; Honda, T.; Hirakawa, Y.; Shibata, M.; Sakata, S.; Furuta, Y.; Oishi, E.; Hata, J.; Kitazono, T.; et al. Influence

of the Accumulation of Unhealthy Eating Habits on Obesity in a General Japanese Population: The Hisayama Study. Nutrients
2020, 12, 3160. [CrossRef] [PubMed]

2. Yoshida, J.; Eguchi, E.; Nagaoka, K.; Ito, T.; Ogino, K. Association of night eating habits with metabolic syndrome and its
components: A longitudinal study. BMC Public Health 2018, 18, 1366. [CrossRef] [PubMed]

3. Duffey, K.J.; Popkin, B.M. Energy density, portion size, and eating occasions: Contributions to increased energy intake in the
United States, 1977–2006. PLoS Med. 2011, 8, e1001050. [CrossRef]

4. Karl, J.P.; Young, A.J.; Rood, J.C.; Montain, S.J. Independent and combined effects of eating rate and energy density on energy
intake, appetite, and gut hormones. Obesity 2013, 21, E244–E252. [CrossRef] [PubMed]

5. Takahashi, F.; Hashimoto, Y.; Kawano, R.; Kaji, A.; Sakai, R.; Kawate, Y.; Okamura, T.; Ushigome, E.; Kitagawa, N.; Majima, S.; et al.
Eating Fast Is Associated with Nonalcoholic Fatty Liver Disease in Men But Not in Women with Type 2 Diabetes: A Cross-Sectional
Study. Nutrients 2020, 12, 2174. [CrossRef]

6. Argyrakopoulou, G.; Simati, S.; Dimitriadis, G.; Kokkinos, A. How Important Is Eating Rate in the Physiological Response to
Food Intake, Control of Body Weight, and Glycemia? Nutrients 2020, 12, 1734. [CrossRef]

7. Fujii, H.; Funakoshi, S.; Maeda, T.; Satoh, A.; Kawazoe, M.; Ishida, S.; Yoshimura, C.; Yokota, S.; Tada, K.; Takahashi, K.; et al.
Eating Speed and Incidence of Diabetes in a Japanese General Population: ISSA-CKD. J. Clin. Med. 2021, 10, 1949. [CrossRef]

8. Kolay, E.; Bykowska-Derda, A.; Abdulsamad, S.; Kaluzna, M.; Samarzewska, K.; Ruchala, M.; Czlapka-Matyasik, M. Self-Reported
Eating Speed Is Associated with Indicators of Obesity in Adults: A Systematic Review and Meta-Analysis. Healthcare 2021, 9, 1559.
[CrossRef]

9. Kobayashi, S.; Honda, S.; Murakami, K.; Sasaki, S.; Okubo, H.; Hirota, N.; Notsu, A.; Fukui, M.; Date, C. Both comprehensive
and brief self-administered diet history questionnaires satisfactorily rank nutrient intakes in Japanese adults. J. Epidemiol. 2012,
22, 151–159. [CrossRef]

10. Tao, L.; Yang, K.; Huang, F.; Liu, X.; Li, X.; Luo, Y.; Wu, L.; Guo, X. Association between self-reported eating speed and metabolic
syndrome in a Beijing adult population: A cross-sectional study. BMC Public Health 2018, 18, 855. [CrossRef]

11. Mochizuki, K.; Misaki, Y.; Miyauchi, R.; Takabe, S.; Shimada, M.; Kuriki, K.; Ichikawa, Y.; Goda, T. A higher rate of eating is
associated with higher circulating interluekin-1beta concentrations in Japanese men not being treated for metabolic diseases.
Nutrition 2012, 28, 978–983. [CrossRef] [PubMed]

12. Saenz-Pardo-Reyes, E.; Housni, F.E.; Lopez-Espinoza, A.; Martinez Moreno, A.G.; Padilla Galindo, M.D.R.; Velazquez Saucedo, G.
Effect of eating speed modification techniques and strategies on food or energy intake: A systematic review and meta-analysis.
Nutr. Hosp. 2021, 38, 631–644. [CrossRef] [PubMed]

13. Saito, Y.; Kajiyama, S.; Nitta, A.; Miyawaki, T.; Matsumoto, S.; Ozasa, N.; Kajiyama, S.; Hashimoto, Y.; Fukui, M.; Imai, S. Eating
Fast Has a Significant Impact on Glycemic Excursion in Healthy Women: Randomized Controlled Cross-Over Trial. Nutrients
2020, 12, 2767. [CrossRef] [PubMed]

14. Teo, P.S.; van Dam, R.M.; Whitton, C.; Tan, L.W.L.; Forde, C.G. Association Between Self-Reported Eating Rate, Energy Intake,
and Cardiovascular Risk Factors in a Multi-Ethnic Asian Population. Nutrients 2020, 12, 1080. [CrossRef]

http://doi.org/10.3390/nu12103160
http://www.ncbi.nlm.nih.gov/pubmed/33081125
http://doi.org/10.1186/s12889-018-6262-3
http://www.ncbi.nlm.nih.gov/pubmed/30537972
http://doi.org/10.1371/journal.pmed.1001050
http://doi.org/10.1002/oby.20075
http://www.ncbi.nlm.nih.gov/pubmed/23592679
http://doi.org/10.3390/nu12082174
http://doi.org/10.3390/nu12061734
http://doi.org/10.3390/jcm10091949
http://doi.org/10.3390/healthcare9111559
http://doi.org/10.2188/jea.JE20110075
http://doi.org/10.1186/s12889-018-5784-z
http://doi.org/10.1016/j.nut.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22483413
http://doi.org/10.20960/nh.03467
http://www.ncbi.nlm.nih.gov/pubmed/33840198
http://doi.org/10.3390/nu12092767
http://www.ncbi.nlm.nih.gov/pubmed/32927895
http://doi.org/10.3390/nu12041080


Healthcare 2023, 11, 646 9 of 10

15. Sakurai, M.; Nakamura, K.; Miura, K.; Takamura, T.; Yoshita, K.; Nagasawa, S.Y.; Morikawa, Y.; Ishizaki, M.; Kido, T.;
Naruse, Y.; et al. Self-reported speed of eating and 7-year risk of type 2 diabetes mellitus in middle-aged Japanese men. Metabolism
2012, 61, 1566–1571. [CrossRef]

16. Radzeviciene, L.; Ostrauskas, R. Fast eating and the risk of type 2 diabetes mellitus: A case-control study. Clin. Nutr 2013,
32, 232–235. [CrossRef]

17. Paz-Graniel, I.; Babio, N.; Mendez, I.; Salas-Salvado, J. Association between Eating Speed and Classical Cardiovascular Risk
Factors: A Cross-Sectional Study. Nutrients 2019, 11, 83. [CrossRef]

18. Zhu, Y.; Hollis, J.H. Increasing the number of chews before swallowing reduces meal size in normal-weight, overweight, and
obese adults. J. Acad. Nutr. Diet. 2014, 114, 926–931. [CrossRef]

19. Paphangkorakit, J.; Kanpittaya, K.; Pawanja, N.; Pitiphat, W. Effect of chewing rate on meal intake. Eur. J. Oral Sci. 2019,
127, 40–44. [CrossRef]

20. Saito, M.; Shimazaki, Y.; Nonoyama, T.; Tadokoro, Y. Number of Teeth, Oral Self-care, Eating Speed, and Metabolic Syndrome in
an Aged Japanese Population. J. Epidemiol. 2019, 29, 26–32. [CrossRef]

21. Sonoda, C.; Fukuda, H.; Kitamura, M.; Hayashida, H.; Kawashita, Y.; Furugen, R.; Koyama, Z.; Saito, T. Associations among
Obesity, Eating Speed, and Oral Health. Obes. Facts 2018, 11, 165–175. [CrossRef] [PubMed]

22. Ikebuchi, K.; Matsuda, Y.; Takeda, M.; Takeda, M.; Abe, T.; Tominaga, K.; Yano, S.; Isomura, M.; Nabika, T.; Kanno, T. Relationship
between Masticatory Function and Bone Mineral Density in Community-Dwelling Elderly: A Cross-Sectional Study. Healthcare
2021, 9, 845. [CrossRef] [PubMed]

23. Takeda, M.; Matsuda, Y.; Ikebuchi, K.; Takeda, M.; Abe, T.; Tominaga, K.; Isomura, M.; Nabika, T.; Kanno, T. Relationship between
Oral Health Status and Bone Mineral Density in Community-Dwelling Elderly Individuals: A Cross-Sectional Study. Healthcare
2021, 9, 432. [CrossRef] [PubMed]

24. Hamano, T.; Takeda, M.; Tominaga, K.; Sundquist, K.; Nabika, T. Is Accessibility to Dental Care Facilities in Rural Areas Associated
with Number of Teeth in Elderly Residents? Int. J. Environ. Res. Public Health 2017, 14, 327. [CrossRef] [PubMed]

25. Tanaka, T.; Okamura, T.; Miura, K.; Kadowaki, T.; Ueshima, H.; Nakagawa, H.; Hashimoto, T. A simple method to estimate
populational 24-h urinary sodium and potassium excretion using a casual urine specimen. J. Hum. Hypertens. 2002, 16, 97–103.
[CrossRef] [PubMed]

26. Takeda, M.; Hamano, T.; Kohno, K.; Yano, S.; Shiwaku, K.; Nabika, T. Association Between Geographic Elevation, Bone Status,
and Exercise Habits: The Shimane CoHRE Study. Int. J. Environ. Res. Public Health 2015, 12, 7392–7399. [CrossRef]

27. Nakamura, T.; Nakamura, Y.; Takashima, N.; Kadota, A.; Miura, K.; Ueshima, H.; Kita, Y. Eating Slowly Is Associated with
Undernutrition among Community-Dwelling Adult Men and Older Adult Women. Nutrients 2021, 14, 54. [CrossRef]

28. Iwasaki, T.; Hirose, A.; Azuma, T.; Ohashi, T.; Watanabe, K.; Obora, A.; Deguchi, F.; Kojima, T.; Isozaki, A.; Tomofuji, T. Association
between eating behavior and poor glycemic control in Japanese adults. Sci. Rep. 2019, 9, 3418. [CrossRef]

29. Iwai, K.; Azuma, T.; Yonenaga, T.; Ekuni, D.; Watanabe, K.; Obora, A.; Deguchi, F.; Kojima, T.; Morita, M.; Tomofuji, T. Association
between Self-Reported Chewing Status and Glycemic Control in Japanese Adults. Int. J. Environ. Res. Public Health 2021, 18, 9548.
[CrossRef]

30. Otsuka, R.; Tamakoshi, K.; Yatsuya, H.; Wada, K.; Matsushita, K.; OuYang, P.; Hotta, Y.; Takefuji, S.; Mitsuhashi, H.;
Sugiura, K.; et al. Eating fast leads to insulin resistance: Findings in middle-aged Japanese men and women. Prev. Med. 2008,
46, 154–159. [CrossRef]

31. Sato, M.; Tamura, Y.; Nakagata, T.; Someya, Y.; Kaga, H.; Yamasaki, N.; Kiya, M.; Kadowaki, S.; Sugimoto, D.; Satoh, H.; et al.
Prevalence and Features of Impaired Glucose Tolerance in Young Underweight Japanese Women. J. Clin. Endocrinol. Metab. 2021,
106, e2053–e2062. [CrossRef] [PubMed]

32. Sakata, T. Histamine receptor and its regulation of energy metabolism. Obes. Res. 1995, 3 (Suppl. S4), 541S–548S. [CrossRef]
[PubMed]

33. Santa, R.; Miyamoto, M.; Hosono, N.; Homma, C.; Hoshi, M.; Goto, A.; Sato, N.; Suzuki, K.; Inaba, H.; Shibuya, K. Mastication
of Hard Gumi Decreases the Gustatory Threshold for Sodium Chloride. J. Nutr. Sci. Vitaminol. 2020, 66, 587–590. [CrossRef]
[PubMed]

34. He, F.J.; Tan, M.; Ma, Y.; MacGregor, G.A. Salt Reduction to Prevent Hypertension and Cardiovascular Disease: JACC State-of-the-
Art Review. J. Am. Coll. Cardiol. 2020, 75, 632–647. [CrossRef] [PubMed]

35. Shiozawa, K.; Mototani, Y.; Suita, K.; Ito, A.; Matsuo, I.; Hayakawa, Y.; Kiyomoto, K.; Tsunoda, M.; Nariyama, M.; Umeki, D.; et al.
Gender differences in eating behavior and masticatory performance: An analysis of the Three-Factor-Eating Questionnaire and
its association with body mass index in healthy subjects. J. Oral Biosci. 2020, 62, 357–362. [CrossRef] [PubMed]

36. Kobayashi, G.; Hashimoto, Y.; Takahashi, F.; Kaji, A.; Sakai, R.; Okamura, T.; Okada, H.; Kitagawa, N.; Nakanishi, N.;
Majima, S.; et al. Impact of Eating Speed on Muscle Mass in Older Patients With Type 2 Diabetes: A Prospective Study of
KAMOGAWA-DM Cohort. Front. Nutr. 2022, 9, 919124. [CrossRef]

37. Hashimoto, Y.; Takahashi, F.; Kaji, A.; Sakai, R.; Okamura, T.; Kitagawa, N.; Okada, H.; Nakanishi, N.; Majima, S.;
Senmaru, T.; et al. Eating Speed Is Associated with the Presence of Sarcopenia in Older Patients with Type 2 Diabetes: A
Cross-Sectional Study of the KAMOGAWA-DM Cohort. Nutrients 2022, 14, 759. [CrossRef]

38. Arshavsky, Y.I.; Deliagina, T.G.; Orlovsky, G.N. Pattern generation. Curr. Opin. Neurobiol. 1997, 7, 781–789. [CrossRef]
39. Ertekin, C.; Aydogdu, I. Neurophysiology of swallowing. Clin. Neurophysiol. 2003, 114, 2226–2244. [CrossRef]

http://doi.org/10.1016/j.metabol.2012.04.005
http://doi.org/10.1016/j.clnu.2012.06.013
http://doi.org/10.3390/nu11010083
http://doi.org/10.1016/j.jand.2013.08.020
http://doi.org/10.1111/eos.12583
http://doi.org/10.2188/jea.JE20170210
http://doi.org/10.1159/000488533
http://www.ncbi.nlm.nih.gov/pubmed/29669358
http://doi.org/10.3390/healthcare9070845
http://www.ncbi.nlm.nih.gov/pubmed/34356223
http://doi.org/10.3390/healthcare9040432
http://www.ncbi.nlm.nih.gov/pubmed/33917239
http://doi.org/10.3390/ijerph14030327
http://www.ncbi.nlm.nih.gov/pubmed/28335583
http://doi.org/10.1038/sj.jhh.1001307
http://www.ncbi.nlm.nih.gov/pubmed/11850766
http://doi.org/10.3390/ijerph120707392
http://doi.org/10.3390/nu14010054
http://doi.org/10.1038/s41598-019-39001-y
http://doi.org/10.3390/ijerph18189548
http://doi.org/10.1016/j.ypmed.2007.07.031
http://doi.org/10.1210/clinem/dgab052
http://www.ncbi.nlm.nih.gov/pubmed/33512496
http://doi.org/10.1002/j.1550-8528.1995.tb00225.x
http://www.ncbi.nlm.nih.gov/pubmed/8697056
http://doi.org/10.3177/jnsv.66.587
http://www.ncbi.nlm.nih.gov/pubmed/33390402
http://doi.org/10.1016/j.jacc.2019.11.055
http://www.ncbi.nlm.nih.gov/pubmed/32057379
http://doi.org/10.1016/j.job.2020.09.005
http://www.ncbi.nlm.nih.gov/pubmed/32937182
http://doi.org/10.3389/fnut.2022.919124
http://doi.org/10.3390/nu14040759
http://doi.org/10.1016/S0959-4388(97)80136-5
http://doi.org/10.1016/S1388-2457(03)00237-2


Healthcare 2023, 11, 646 10 of 10

40. Aydogdu, I.; Tanriverdi, Z.; Ertekin, C. Dysfunction of bulbar central pattern generator in ALS patients with dysphagia during
sequential deglutition. Clin. Neurophysiol. 2011, 122, 1219–1228. [CrossRef]

41. Nakamichi, A.; Matsuyama, M.; Ichikawa, T. Relationship between mouthful volume and number of chews in young Japanese
females. Appetite 2014, 83, 327–332. [CrossRef] [PubMed]

42. Shah, M.; Copeland, J.; Dart, L.; Adams-Huet, B.; James, A.; Rhea, D. Slower eating speed lowers energy intake in normal-weight
but not overweight/obese subjects. J. Acad. Nutr. Diet. 2014, 114, 393–402. [CrossRef] [PubMed]

43. Toyama, K.; Zhao, X.; Kuranuki, S.; Oguri, Y.; Kashiwa Kato, E.; Yoshitake, Y.; Nakamura, T. The effect of fast eating on the
thermic effect of food in young Japanese women. Int. J. Food Sci. Nutr. 2015, 66, 140–147. [CrossRef]

44. DiMaria-Ghalili, R.A.; Mirtallo, J.M.; Tobin, B.W.; Hark, L.; Van Horn, L.; Palmer, C.A. Challenges and opportunities for nutrition
education and training in the health care professions: Intraprofessional and interprofessional call to action. Am. J. Clin. Nutr.
2014, 99, 1184S–1193S. [CrossRef] [PubMed]

45. Okuma, N.; Saita, M.; Hoshi, N.; Soga, T.; Tomita, M.; Sugimoto, M.; Kimoto, K. Effect of masticatory stimulation on the quantity
and quality of saliva and the salivary metabolomic profile. PLoS ONE 2017, 12, e0183109. [CrossRef]

46. Sekiya, H.; Kurasawa, Y.; Kaneko, K.; Takahashi, K.I.; Maruoka, Y.; Michiwaki, Y.; Takeda, Y.; Ochiai, R. Preventive Effects of
Sustainable and Developmental Perioperative Oral Management Using the “Oral Triage” System on Postoperative Pneumonia
after Cancer Surgery. Int. J. Environ. Res. Public Health 2021, 18, 6296. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.clinph.2010.11.002
http://doi.org/10.1016/j.appet.2014.08.009
http://www.ncbi.nlm.nih.gov/pubmed/25131904
http://doi.org/10.1016/j.jand.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24388483
http://doi.org/10.3109/09637486.2014.986069
http://doi.org/10.3945/ajcn.113.073536
http://www.ncbi.nlm.nih.gov/pubmed/24646823
http://doi.org/10.1371/journal.pone.0183109
http://doi.org/10.3390/ijerph18126296

	Introduction 
	Materials and Methods 
	Data Collection 
	Center for Community-Based Healthcare Research and Education (CoHRE) Study 
	Study Design 
	Inclusion Criteria 
	Exclusion Criteria 
	Collected Data 
	Background Data 
	Eating Speed 

	Statistical Analysis 

	Results 
	Participant Characteristics 
	Univariate and Multivariate Logistic Regression Analysis 

	Discussion 
	Conclusions 
	References

