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Abstract

Background: It has been widely recognized that mastication behaviors are related to the health of the whole body and to
lifestyle-related diseases. However, many studies were based on subjective questionnaires or were limited to small-scale research
in the laboratory due to the lack of a device for measuring mastication behaviors during the daily meal objectively. Recently, a
small wearable masticatory counter device, called bitescan (Sharp Co), for measuring masticatory behavior was developed. This
wearable device is designed to assess objective masticatory behavior by being worn on the ear in daily life.

Objective: This study aimed to investigate the relation between mastication behaviors in the laboratory and in daily meals and
to clarify the difference in mastication behaviors between those with metabolic syndrome (MetS) and those without (non-MetS)
measured using a wearable device.

Methods: A total of 99 healthy volunteers (50 men and 49 women, mean age 36.4 [SD 11.7] years) participated in this study.
The mastication behaviors (ie, number of chews and bites, number of chews per bite, and chewing rate) were measured using a
wearable ear-hung device. Mastication behaviors while eating a rice ball (100 g) in the laboratory and during usual meals for an
entire day were monitored, and the daily energy intake was calculated. Participants’ abdominal circumference, fasting glucose
concentration, blood pressure, and serum lipids were also measured. Mastication behaviors in the laboratory and during meals
for 1 entire day were compared. The participants were divided into 2 groups using the Japanese criteria for MetS (positive/negative
for MetS or each MetS component), and mastication behaviors were compared.

Results: Mastication behaviors in the laboratory and during daily meals were significantly correlated (number of chews r=0.36;
P<.001; number of bites r=0.49; P<.001; number of chews per bite r=0.33; P=.001; and chewing rate r=0.51; P<.001). Although
a positive correlation was observed between the number of chews during the 1-day meals and energy intake (r=0.26, P=.009),
the number of chews per calorie ingested was negatively correlated with energy intake (r=–0.32, P=.002). Of the 99 participants,
8 fit the criteria for MetS and 14 for pre-MetS. The number of chews and bites for a rice ball in the pre-MetS(+) group was
significantly lower than the pre-MetS(–) group (P=.02 and P=.04, respectively). Additionally, scores for the positive abdominal
circumference and hypertension subgroups were also less than the counterpart groups (P=.004 and P=.01 for chews, P=.006 and
P=.02 for bites, respectively). The number of chews and bites for an entire day in the hypertension subgroup were significantly
lower than in the other groups (P=.02 and P=.006). Furthermore, the positive abdominal circumference and hypertension subgroups
showed lower numbers of chews per calorie ingested for 1-day meals (P=.03 and P=.02, respectively).
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Conclusions: These results suggest a relationship between masticatory behaviors in the laboratory and those during daily meals
and that masticatory behaviors are associated with MetS and MetS components.

Trial Registration: University Hospital Medical Information Network Clinical Trials Registry R000034453;
https://tinyurl.com/mwzrhrua

(JMIR Mhealth Uhealth 2022;10(3):e30789) doi: 10.2196/30789

KEYWORDS

metabolic syndrome; mastication behaviors; wearable device; daily meal; energy intake; chew; internet of things

Introduction

Recent studies in various fields have revealed that mastication
affects various functions in the body, such as obesity prevention
[1,2], immune cell differentiation [3,4], and dementia prevention
[5]. Among these health effects of mastication, research attention
has focused particularly on obesity [6] and diabetes [7,8].
Furthermore, many studies have reported a relationship between
chewing frequency, eating speed, and metabolic syndrome
(MetS) [9-13]. In these studies, masticatory behavior was also
thought to be associated with energy intake. Indeed,
Borvornparadorn et al [14] reported that increased number of
chews per bite could reduce energy intake.

The relationship between eating behavior, especially fast eating,
and MetS or obesity has long been a focus of attention. Some
large-scale epidemiological studies also suggested a link
between eating speed and obesity and MetS [1,2]. In particular,
studies have shown that slower eating speed can reduce energy
intake [10,14-18] and that prolonged chewing of food can reduce
meal intake [19]. However, most studies were limited to
self-administered questionnaires. It is difficult to exactly
recognize our own eating behavior (ie, eating fast or slow and
less or more chewing). Additionally, assessing mastication
behaviors lacks objectivity because of the lack of devices for
measuring mastication behaviors during daily meals.

In previous studies, chewing frequency was assessed using
dedicated jaw movement measuring devices [20], muscular
activity measuring devices (electromyography) [21],
videorecordings [22-24], or wearable chewing counting devices
[25-27]. However, most of these devices were not developed
past the prototype stage, and participants might not eat naturally
with these large devices since the requirement for special devices
often hinders the evaluation of masticatory movement.
Additionally, masticatory behaviors when eating meals while
being videorecorded might be different from those during a
usual meal.

A simple and accurate mastication measuring device called
bitescan (Sharp Co) [28] was developed. The bitescan is a
wearable ear hook–type device that monitors daily mastication
behavior without disturbing the wearer. Furthermore, this
revolutionary device can accurately monitor mastication

behavior, namely the number of chews, number of bites, and
chewing rate, making it possible to obtain these measurements
in the laboratory as well as at home. We have previously
confirmed the validity of this mastication measuring device
[28].

The aim of this study was to investigate whether masticatory
behavior in laboratory had a relationship to that in daily meals
and to clarify the relationship between masticatory behavior
and MetS by more objectively and accurately monitoring
masticatory behavior using the bitescan. We hypothesized that
masticatory behaviors in different environments had a
relationship and that the presence or absence of MetS was
related to masticatory behaviors.

Methods

Participants
The participants were 50 healthy men and 49 healthy women,
with a mean age of 36.4 (SD 11.7) years, who volunteered for
the study. Participants were recruited for the study using
advertisements, flyers, and personal communications. We
excluded participants who had dysphagia, dental pain,
periodontal problems, temporomandibular joint dysfunction
syndrome, and those who were receiving dental treatment or
medication for lifestyle-related diseases, such as diabetes,
hypertension, and hyperlipidemia. These exclusion criteria were
confirmed verbally. We explained the purpose of our study, and
those who agreed to participate provided written informed
consent, which was documented before they entered the study.

Sample size was estimated based on the number of chews while
consuming a rice ball in MetS and non-MetS groups. Results
from our preliminarily study (MetS group: mean 167, SD 67;
non-MetS group: mean 222, SD 79) provided the effect size as
0.75. The prevalence of metabolic syndrome in Japanese was
approximately 20% [29]. Therefore, 94 participants were
required for 80% power with a 2-sided   =.05 for Mann-Whitney
U test (G*Power 3.1.9.7, Heinrich-Heine-Universität). A total
of 102 people applied to this study, 1 was excluded using the
exclusion criteria, and 2 people with missing data were
excluded; 99 participants were included in the final analysis
(Figure 1).
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Figure 1. Flow diagram of participant assessment through the trial.

Ethics Approval
The study conformed to the standards of the Declaration of
Helsinki and was approved by the institutional review board of
Niigata University (approval number: 2017-0230). The study
was registered at the University Hospital Medical Information
Network Clinical Trials Registry [R000034453].

Bitescan Device to Measure Masticatory Behaviors
The number of chews, number of chews per bite, number of
bites, and chewing rate were measured with the bitescan device
[28] (Figure 2). This wearable device has an infrared distance

sensor and accelerometer and scans the morphological change
in the skin surface at 20 Hz on the posterior side of the pinna
during mastication. This device is designed to be worn on the
right side and has an adjustable ear hook. Three different ear
hook sizes (small, medium, and large) were prepared; therefore,
we could adjust the device and use the ear hook best suited to
each participant’s pinna (Figure 1). Before the measurement,
we fit the participants with the bitescan to ensure that the sensor
was correctly located on the back of the pinna. The bitescan
was then connected to a smartphone (SHM05, Sharp Co) via
Bluetooth, and the data were collected with a dedicated
smartphone app (Figure 3).
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Figure 2. The bitescan: (A) main body and (B) in position.

Figure 3. Screenshot of bitescan app: (A) during measurement and (B) showing results of mastication behavior.

Data Collection

Mastication Behaviors
A rice ball (100 g, Maho Cold Foods Co Ltd) was prepared as
the prescribed test food. Each participant was instructed to sit
in a chair and relax while the properly sized bitescan was
adjusted and we confirmed that it worked properly. Participants
were then instructed to consume the rice ball freely, as usual.
There were no limitations and no special instructions for
participants when consuming the test food regarding the number
of chews, chewing rate, or the timing of swallowing; they were
asked only to eat the test food as they normally would.

The measurements of the participant chewing the rice ball were
taken twice. All participants were also asked to record their
masticatory behaviors during all meals for 1 entire day. The 2
rice ball measurements and the 1-day measurement were
performed on different days.

Energy Intake
All participants completed dietary records accompanied by
photographs during the 1-day measurement. Using the
photographs, a registered dietitian identified foods and estimated
their portion sizes. Energy intake was calculated in accordance
with the Standard Tables of Food Composition in Japan 2015
(Seventh Revised Edition) [30].

Anthropometric Measurement
The anthropometric measurements were blood pressure (BP)
and abdominal circumference (AC), which were measured by
the medical staff on the first visit day before measuring
masticatory behavior. Blood pressure was measured using a
sphygmomanometer (HBP-9020, Omron Corp) with the right
arm with participant in the supine position. Abdominal
circumference was measured at the midpoint between the iliac
crest and rib cage on the midaxillary line using a tape measure.
All measurements were performed with participants dressed in
light clothing and barefoot.
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We also collected blood samples after a 12-hour overnight fast.
Fasting glucose concentration (GLU) and serum lipids (SL;
low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol [HDL-c], and triglycerides) were measured using
an automated analyzer.

Diagnosis of MetS
We used the Japanese diagnosis of MetS, which is made
according to the following criteria [31]:

1. AC: men: ≥0.85 m; women: ≥0.90 m
2. SL: hypertriglyceridemia: ≥1.69 mmol/L or low HDL-c

<1.04 mmol/L
3. BP: systolic pressure ≥130 mm Hg or diastolic pressure

≥85 mm Hg
4. GLU: ≥6.1 mmol/L

We divided the participants into the following groups:

• MetS(+) versus MetS(–) groups: criterion 1 and more than
two of criteria 2, 3, and 4

• pre-MetS(+) versus pre-MetS(–) groups: criterion 1 and
more than one of criteria 2, 3, and 4

• possible MetS(+) versus possible MetS(–) groups: more
than one of criteria 1, 2, 3, and 4

Furthermore, in accordance with the above diagnostic criteria
for MetS, we also divided participants into the following groups:

• AC(+) versus AC(–) groups according to criterion 1
• SL(+) versus SL(–) groups according to criterion 2
• BP(+) versus BP(–) groups according to criterion 3
• GLU(+) versus GLU(–) groups according to criterion 4

Statistical Analysis
We analyzed the number of chews, number of bites, number of
chews per bite, and chewing rate while participants consumed
a rice ball and during the 1-day meals. When recording the data
during ingestion of the rice balls, we used the average of the 2
measurements as the representative value. We then calculated
the number of chews per calorie ingested for the 1-day
measurements.

To compare masticatory behaviors in different environments,
the relationship of masticatory behaviors between consuming

a rice ball and ingesting all meals for the 1-day measurement
was calculated using a Spearman correlation. The masticatory
behaviors between the 2 groups were compared using the
Mann-Whitney U test. Statistical analyses were conducted using
SPSS (version 23.0 for Windows, IBM Corp), and the level of
significance was set at P=.05.

Results

Masticatory Behaviors Under Different Conditions
The Spearman correlation coefficients between consuming a
rice ball and ingesting the 1-day meals were 0.36 (P<.001), 0.49
(P<.001), 0.33 (P=.001), and 0.51 (P<.001) for the number of
chews, number of bites, number of chews per bite, and chewing
rate, respectively, and significant correlations were observed
(Table 1). A positive correlation was observed between the
number of chews during the 1-day meals and energy intake
(r=0.26, P=.009). However, the number of chews per calorie
ingested was negatively correlated with energy intake for the
1-day meals (r=–0.32, P=.002). Furthermore, the number of
chews per calorie in the 1-day meals showed significant positive
correlations with the number of chews, number of chews per
bite, number of bites, and the chewing rate while eating a rice
ball (r=0.48, P<.001; r=0.20; P=.04; r=0.32; P=.001; and
r=0.24; P=.02, respectively).

The mean number of chews for a rice ball and the 1-day meals
were 215 (SD 85) and 2306 (SD 1123), respectively (Table 2
and Multimedia Appendix 1). The number of bites for a rice
ball and the 1-day meals were 19.5 (SD 8.0) and 210 (SD 135),
respectively (Table 2 and Multimedia Appendix 1). The number
of chews per bite (11.7, SD 4.3) and the chewing rate (70.8, SD
7.1) when eating a rice ball were similar to the number of chews
per bite (12.4, SD 5.7) and the chewing rate (71.4, SD 7.6)
during the 1-day meals.

Female participants had higher numbers of chews (P=.009),
numbers of bites (P<.001) for a rice ball, and numbers of chews
per calorie (P=.045), a smaller number of chews per bite (P=.01
for rice ball, P=.02 for 1-day meals), and a slower chewing rate
(P=.008 for rice ball, P=.02 for 1-day meals).

Table 1. Relationship between masticatory behaviors in the laboratory and during meals ingested for 1 entire day (n=99).

Caloric intake
for 1 entire day,
r (P value)

Eating a rice ball in the laboratory

Chewing rate, r
(P value)

Number of bites, r
(P value)

Number of chews
per bite, r (P value)

Number of chews, r
(P value)

.262 (.009).328 (.001).126 (.21).282 (.005).360 (<.001)Number of chews

.062 (.54).448 (<.001)–.281 (.005).493 (<.001).122 (.23)Number of chews per bite

.151 (.14)–.038 (.71).334 (.001)–.104 (.30).205 (.04)Number of bites

.047 (.65).512 (<.001)–.222 (.03).519 (<.001).185 (.07)Chewing rate

—a.179 (.08)–.357 (<.001).164 (.11)–.172 (.09)Caloric intake for 1 entire day

–.315 (.002).235 (.02).324 (.001).203 (.04).484 (<.001)Number of chews per calorie ingested

aNot applicable.
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Masticatory Behaviors and MetS
Of the participants, 8% (8/99) fulfilled the diagnostic criteria
for MetS. There was no significant difference in mastication
behaviors between the MetS(+) group and MetS(–) groups.

A total of 14% (14/99) of participants fulfilled the diagnostic
criteria for pre-MetS. The numbers of chews (P=.02) and bites
(P=.04) of a rice ball for the pre-MetS(+) group were
significantly lower than for those in the pre-MetS(–) group.

However, the 1-day mastication behaviors were not significantly
different between the pre-MetS(+) and pre-MetS(–) groups.

A total of 53% (52/99) met one or more criteria for a MetS
diagnosis. The possible MetS(+) group showed significantly
lower numbers of chews and bites for both the rice ball (P<.001,
P=.001) and 1-day meals (P=.007, P=.008) and a lower number
of chews per calorie ingested (P=.005) than the possible MetS(–)
group.

Table 2. Masticatory behavior while eating a rice ball in the laboratory.

Chewing rate
(/min)

Number of bitesNumber of
chews per
bite

Number of
chews

n

P val-
ue

median (IQR)P val-
ue

median (IQR)P valuemedian
(IQR)

P val-
ue

median
(IQR)

—70.7 (8.6)—18.0 (7.5)—10.7 (5.1)—a192 (106)99All

.008—<.001—.01—.009——Sex

—72.3 (10.2)—15.0 (7.5)—11.7 (7.6)—172 (106)50Men

—70.1 (9.3)—21.0 (9.0)—10.1 (3.6)—208 (106)49Women

.25—.39—.83—.24——MetSb

—72.9 (12.9)—16.5 (5.8)—11.6 (7.7)—171 (67)8Yes

—70.4 (9.2)—18.5 (8.0)—10.7 (5.1)—199 (110)91No

.39—.04—.92—.02——pre-MetS

—71.7 (10.7)—15.0 (8.5)—11.6 (7.2)—162 (56)14Yes

—70.4 (8.8)—19.0 (9.0)—10.7 (5.0)—202 (114)85No

.92—.001—.74—<.001——possible MetS

—71.4 (9.9)—16.3 (7.3)—10.6 (5.8)—174 (84)52Yes

—70.3 (8.6)—20.5 (9.5)—10.8 (4.6)—214 (114)47No

.86—.006—.90—.004——Abdominal circumference (m)

—71.2 (10.5)—15.0 (7.5)—10.9 (7.1)—166 (80)24ACc(+)

—70.4 (8.5)—20.0 (10.5)—10.7 (4.8)—206 (118)75AC(–)

.73—.15—.87—.04——Serum lipid (mmol/L)

—71.3 (14.1)—17.0 (9.5)—11.7 (7.9)—161 (48)13SLd(+)

—70.5 (8.4)—18.5 (8.6)—10.7 (4.9)—203 (113)86SL(–)

.91—.02—.91—.01——Blood pressure (mm Hg)

—71.4 (9.9)—16.3 (6.4)—10.9 (5.6)—168 (84)36BPe(+)

—70.4 (8.5)—20.0 (10.0)—10.7 (4.9)—206 (113)63BP(–)

.40—.65—.76—.77——Fasting glucose (mmol/L)

—73.4 (6.5)—17.0 (11.0)—11.5 (5.2)—208 (90)7GLUf(+)

—70.4 (9.4)—18.3 (7.9)—10.7 (5.2)—191 (110)92GLU(–)

aNot applicable.
bMetS: metabolic syndrome.
cAC: abdominal circumference (men ≥0.85 m, women ≥0.90 m).
dSL: serum lipids (triglyceride ≥1.69 mmol/L or HDL cholesterol <1.04 mmol/L).
eBP: blood pressure (systolic pressure ≥130 mm Hg or diastolic pressure ≥85 mm Hg).
fGLU: fasting glucose concentration (≥6.1 mmol/L).
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For abdominal circumference, 24% (24/99) of participants
exceeded the criteria. The AC(+) group showed significantly
lower numbers of chews (P=.004) and bites (P=.006) when
ingesting a rice ball and a lower number of chews per calorie
(P=.03) ingested than the AC(–) group.

For serum lipids, 13% (13/99) of participants exceeded the
criteria. The number of chews of a rice ball in the SL(+) group
was significantly lower than in the SL(–) group (P=.04).

For blood pressure, 36% (36/99) of participants exceeded the
criteria. The BP(+) group showed significantly lower numbers
of chews (P=.01, P=.02) and bites (P=.02, P=.006) for both a
rice ball and 1-day meals and a significantly lower number of
chews per calorie (P=.02) ingested than the BP(–) group.

For blood glucose concentration, 7% (7/99) of participants
exceeded the criteria. There was no significant difference in the
masticatory behaviors between the GLU(+) and GLU(–) groups
except for the number of bites for the 1-day meals.

Discussion

Principal Findings
In this study using a wearable mastication monitoring device,
we identified baseline mastication behaviors, which have not
been determined previously. To our knowledge, there are no
studies investigating the relationship between mastication
behaviors eating usual meals and eating in the laboratory. This
was also the first time that this many participants were
objectively evaluated regarding their eating behavior, including
the numbers of chews and bites, and the first time a relationship
between masticatory behaviors and MetS has been examined.
Therefore, we believe that this study monitoring daily dietary
mastication behaviors using wearing device can be considered
innovative research.

Mastication Behaviors and Environment
In most studies evaluating the number of chews, participants
consumed only a prescribed meal in the laboratory, which was
considered different from usual meals or eating behaviors.
Additionally, masticatory behaviors when eating meals while
being videorecorded might be different from those during a
usual meal.

Although Zhang et al [32] measured mastication behavior in
the lab and home environment for assessment of detection of
mastication, they did not investigate the relationship. Petty et
al [33] found that self-reported eating rate aligned with the
eating rate measured in laboratory but not with free-living meals.
For these reasons, we compared the masticatory behavior in the
laboratory environment with that in the normal environment.
We found the number of chews per bite (rice ball: 11.7, SD 4.3;
1-day meals: 12.4, SD 5.7) and chewing rate (rice ball: 70.8,
SD 7.1; 1-day meals: 71.4, SD 7.6) had significant correlation
and were almost the same. In our study, the contents of daily
meals were not regulated, and the participants ingested as usual.
The amount and physical characteristics of food affect
mastication behavior, and mastication behavior varies greatly
among individuals. However, even when comparing the results
for each individual, the correlation between the number of chews

per bite and the chewing rate between the laboratory
environment and the usual daily environment was approximately
0.50, a moderate-intensity correlation.

Accordingly, the masticatory behavior in the laboratory had
significant correlation with the participants’ usual masticatory
behaviors, suggesting that the chewing behavior in daily life
can be inferred from the chewing behavior of rice balls in the
laboratory.

We confirmed that our ear hook–type device hangs only on the
pinna and has little effect on eating behavior; however, it is
difficult to make comparisons of eating behavior with no device.
Additionally, participants’ awareness of masticatory behavior
monitoring might affect outcomes. To avoid this, long-term
measurements should be performed to allow participants to
become accustomed to the device. However, similarly, the
effects of attaching electrodes to the masseter and temporalis
muscles and eating while being videorecorded have not been
investigated.

In our study, the mean number of chews per day was 2306 (SD
1123). To our knowledge, few studies have measured and
reported the number of chews during usual meals or within 1
entire day. This result is an indicator of the masticatory
behaviors of Japanese people eating their daily diet.

The correlation between the number of chews while eating a
rice ball and the 1-day meals was 0.36, and the correlation
coefficient of the number of bites was 0.33, which indicated a
weak correlation. In other words, generally, the number of chews
and the number of bites when eating usual meals did not change
even when eating a rice ball in the laboratory. However, we
should also consider the amount of dietary intake.

As a result of investigating nutritional intake, we found those
who chewed more tended to have a large energy intake. In other
words, we expected that people who ate a large amount of food
in a day would chew a lot. Borvornparadorn et al [14] measured
energy intake using regulated food in a laboratory and
investigated the relationship between the amount of mastication
and calorie intake. However, as far as we know, no studies have
measured both the energy intake of daily meals and mastication
behaviors. The amount of food was considered to have a great
influence on masticatory behavior. However, it was difficult to
measure the volume and weight of meals in this study. Petty et
al [33] reported eating rate calculated in calories per minute but
not volume or weight. Due to differences in the amount of food
people eat, we decided to calculate the number of chews per
calorie ingested. As a result, a moderate correlation coefficient
of 0.48 was obtained for the number of chews of a rice ball.
Furthermore, the number of chews per calorie ingested showed
a significant correlation with the other items measured when
participants ingested rice balls. Therefore, the investigation of
the number of chews per calorie intake appears to be meaningful.

In this research, we chose rice balls as the test food after
consideration that preference and tableware [34] might affect
masticatory behaviors. Rice balls have long been popular as a
convenient food for Japanese people, although they may not be
a familiar food internationally. We also chose rice balls because
these were easily accepted by the Japanese and could be used
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as a prescribed amount of test food. Asian people generally use
chopsticks for eating, but rice balls are usually ingested using
the hands.

Relationship Between MetS and Masticatory Behavior
A significant relationship between MetS and eating speed
[1,2,35,36] has been reported previously. However, most of
these studies were limited to participant self-reported assessment
of eating behavior. Regarding self-reported eating behavior,
Woodward et al [37] reported a discrepancy between
self-reporting and objective observation on eating rate.
Furthermore, masticatory performance was reported to be
associated with the prevalence of MetS [38,39]. These previous
reports suggested that mastication was associated with MetS
through nutrition and feeling full. On the other hand, our results
showed no significant difference in the number of chews
between the MetS(+) and MetS(–) groups. One of the reasons
is that the percentage of participants in our study with MetS
(8%) was much lower than the Japanese prevalence of MetS
[29]. However, we found a difference in the numbers of chews
and bites of a rice ball between the pre-MetS(+) group and
pre-MetS(–) group. Furthermore, the possible MetS(+) group
showed significantly lower numbers of chews and bites for both
the rice ball and 1-day meals and a lower number of chews per
calorie ingested than the possible MetS(–) group. MetS arises
from a combination of factors that result in obesity,
hypertension, serological abnormalities, and abdominal obesity.
It is impossible to explain such complicated pathological
conditions with one component (chewing), but we suspect that
masticatory behavior may have an effect on lifestyle-related
diseases.

Abdominal circumference is an indicator associated with obesity
and is the most important factor in MetS. One study reported
that it was difficult to obtain a feeling of fullness during meals
if the number of chews was low or when participants ate faster
[14]. As a result, daily energy intake increased significantly,
which was thought to cause obesity [40]. Some studies reported
that the amount of food and snack intake decreased significantly
with an increase in the number of chews and the chewing time
[19,41]. In our study, the number of chews while consuming a
rice ball was significantly lower in the AC(+) group. In addition,
although no significant difference was observed, the number of
chews per day was less in the AC(+) group and the daily energy
intake was higher, which may support the above consideration.
Differences in the number of chews of rice balls and the number
of chews per calorie ingested in the 1-day meals suggested that
the number of chews per unit amount might be associated with
obesity.

In contrast, no significant difference in the number of chews
per bite was observed in this study. In Japan, enlightenment
activities with an emphasis on the number of chews per bite
such as “chew 30 times per bite” have been recommended.
However, considering the results of our study, the number of
chews per bite may not be directly related to obesity. In addition,
from our results, the number of bites in the AC(+) group was
significantly lower. This suggested that the AC(+) group
ingested large bites (ie, we considered that the number of chews
decreased as a result of taking a large amount into the oral cavity

and eating it with a modest number of chews). From these
findings, the instruction not only to increase the number of
chews but also to reduce the amount taken in one bite might be
effective. According to a report by Fukuda et al [40], the number
of chews per bite did not change even if the amount per bite
increased; therefore, if the amount per bite was large, the total
mealtime duration would be shorter and the total number of
chews would be lower when eating the same amount of food.
In addition, some studies reported that a reduction in the size
of the bite helped prevent obesity [42,43].

In our study, there was no difference between the GLU(+) group
and the GLU(–) group except for the number of bites in the
1-day meals. In our study, the GLU(+) group constituted only
7 participants (7%). However, some reports suggested a
relationship between diabetes and mastication. Masticatory
movement promotes glucagon-like peptide-1 secretion, which
leads to rapid insulin secretion and may also affect dietary sugar
absorption [44,45]. In addition, Read et al [46] suggested that
the easiest way to avoid raising the blood sugar level even after
eating was to swallow without chewing. Although it was
impossible to swallow without chewing for all of the usual
meals, in the study by Ranawana et al [47], which compared
15 and 30 chews during a rice meal, fewer chews resulted in a
lower postprandial total blood and glycemic index. In contrast,
Sato et al [48] reported that frequent chews suppressed the rise
in postprandial blood glucose concentration and promoted
insulin secretion. As described above, there are many conflicting
reports regarding mastication and blood glucose concentration.
Furthermore, obesity, diabetes, and postprandial blood glucose
responses vary greatly depending on race and sex [49]. Because
many complex factors might be involved, further research is
required.

In our study, blood pressure was the second factor most
associated with mastication after obesity. Studies report that
slower and more thorough chewing and eating could increase
eating-induced heat production, which could increase systemic
metabolism [50]. In our study, the BP(+) group showed
significantly lower numbers of chews and bites when ingesting
rice balls, lower numbers of chews and bites per day, and a
lower number of chews per calorie ingested.

A lower number of chews could affect taste perception because
the food is not sufficiently crushed and exposure time of the
food in the oral cavity is short. Bolhuis et al [51] reported a
relationship between saltiness and appetite using two types of
soup with different salinity and density. According to the study,
longer exposure times to the oral sensation led to lower soup
intake. The authors also reported that the exposure time to the
oral sensation had a greater effect than salinity. Increasing the
exposure to taste buds per food unit might be effective in
reducing food intake. Therefore, it is possible that a participant
who chewed less and had a short exposure time in the oral cavity
regarding the taste stimulus of the food might have ingested
more food. One of the major reasons for increased blood
pressure is excessive salt intake; therefore, low masticatory
behavior might be related to blood pressure.

Diabetes, hyperlipidemia, and hypertension may have multiple
forms related to obesity and arteriosclerosis. Furthermore, MetS
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is related to lifestyle issues, such as diet, exercise, drinking,
smoking, and stress. It is known that negative emotions such
as anger, fear, and sadness have been associated with increased
impulsive eating and consumption of unhealthy foods [52]. In
this study, we investigated only masticatory behaviors and
dietary energy intake, and multivariate analysis including these
factors is needed. Nevertheless, mastication behavior is a
lifestyle issue, and it should receive attention not only regarding
the amount and kind of food eaten, but also regarding the way
of eating. Our results suggested that masticatory behavior when
eating a test meal in the laboratory as well as in the participants’
usual daily diet was associated with MetS. This was a
cross-sectional study, and a longitudinal study is necessary to
examine whether people with poor masticatory behaviors are
more likely to develop MetS or whether better masticatory
behaviors are useful for preventing MetS. Furthermore, it is
necessary to consider whether masticatory behavior can be
transformed by certain interventions.

Although this was a cross-sectional study and other MetS-related
factors should be considered, our results suggested that
mastication behavior might be related to MetS and MetS
components. These results help clarify the relationship between
masticatory behaviors, metabolic syndrome, and energy intake.
We will perform multivariate analysis for each item related to
MetS in the future. The wearable chewing counter that we
developed was useful for monitoring masticatory behavior in
daily meals. In addition, the smartphone app connected to this

device can be equipped with a masticatory behavior change
algorithm. Masticatory behavior targets selected for each
participant and wearable devices that are easy to wear should
lower the hurdles for intervention studies and could contribute
to the evidence of a relationship between masticatory behavior
and health and the effects of masticatory behavior change.
Furthermore, the mastication data measured by this wearable
device can send the user’s information to medical personnel by
using the internet environment. Medical personnel could provide
support for improving daily life, such as sending advice based
on this information. The usefulness of mastication could be
examined using the big data collected in this way. We believe
that this device and app could be used in the future as an
approach to monitor and change daily masticatory habits.

Conclusions
In this study, we investigated mastication behaviors (ie, number
of chews and bites, number of chews per bite, and chewing rate)
measured using a wearable ear-hung device. We found a
significant correlation between mastication behaviors in the
laboratory and in daily meals, which are different environments.
Furthermore, a significant correlation was observed between
the number of chews during the 1-day meals and energy intake
and between the number of chews per calorie ingested and
energy intake. Neither the pre-MetS obesity nor the hypertension
group had a lower number of chews, bites, and chews per
calorie. These results suggest that masticatory behaviors are
related to MetS and MetS components.

Acknowledgments
We deeply thank and send our best regards to Ms Yuna Kinoshita for supporting the data collection. We thank Jane Charbonneau,
DVM, from Edanz for editing a draft of this manuscript.

Authors' Contributions
This study was designed by KH. The data were collected by FU, YY, YH, SY, and SH. Nutritional analysis was performed by
MK. Statistical analysis was performed by KA. The manuscript was drafted by FU and KH and edited by TO.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Masticatory behavior during meals ingested for one entire day.
[DOCX File , 25 KB-Multimedia Appendix 1]

References

1. Otsuka R, Tamakoshi K, Yatsuya H, Murata C, Sekiya A, Wada K, et al. Eating fast leads to obesity: findings based on
self-administered questionnaires among middle-aged Japanese men and women. J Epidemiol 2006 May;16(3):117-124
[FREE Full text] [doi: 10.2188/jea.16.117] [Medline: 16710080]

2. Maruyama K, Sato S, Ohira T, Maeda K, Noda H, Kubota Y, et al. The joint impact on being overweight of self reported
behaviours of eating quickly and eating until full: cross sectional survey. BMJ 2008 Oct 21;337:a2002 [FREE Full text]
[doi: 10.1136/bmj.a2002] [Medline: 18940848]

3. Dutzan N, Abusleme L, Bridgeman H, Greenwell-Wild T, Zangerle-Murray T, Fife ME, et al. On-going mechanical damage
from mastication drives homeostatic Th17 cell responses at the oral barrier. Immunity 2017 Jan 17;46(1):133-147 [FREE
Full text] [doi: 10.1016/j.immuni.2016.12.010] [Medline: 28087239]

4. Proctor GB, Carpenter GH. Chewing stimulates secretion of human salivary secretory immunoglobulin A. J Dent Res 2001
Mar;80(3):909-913. [doi: 10.1177/00220345010800031201] [Medline: 11379894]

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 3 | e30789 | p. 9https://mhealth.jmir.org/2022/3/e30789
(page number not for citation purposes)

Uehara et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v10i3e30789_app1.docx&filename=d1b6484c0781a3e89753caf4a7351c12.docx
https://jmir.org/api/download?alt_name=mhealth_v10i3e30789_app1.docx&filename=d1b6484c0781a3e89753caf4a7351c12.docx
http://joi.jlc.jst.go.jp/JST.JSTAGE/jea/16.117?from=PubMed
http://dx.doi.org/10.2188/jea.16.117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16710080&dopt=Abstract
http://europepmc.org/abstract/MED/18940848
http://dx.doi.org/10.1136/bmj.a2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18940848&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1074-7613(16)30516-7
https://linkinghub.elsevier.com/retrieve/pii/S1074-7613(16)30516-7
http://dx.doi.org/10.1016/j.immuni.2016.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28087239&dopt=Abstract
http://dx.doi.org/10.1177/00220345010800031201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11379894&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Kim E, Lee SK, Choi Y, Tanaka M, Hirotsu K, Kim HC, et al. Relationship between chewing ability and cognitive impairment
in the rural elderly. Arch Gerontol Geriatr 2017;70:209-213. [doi: 10.1016/j.archger.2017.02.006] [Medline: 28214402]

6. Tanihara S, Imatoh T, Miyazaki M, Babazono A, Momose Y, Baba M, et al. Retrospective longitudinal study on the
relationship between 8-year weight change and current eating speed. Appetite 2011 Aug;57(1):179-183. [doi:
10.1016/j.appet.2011.04.017] [Medline: 21565235]

7. Sakurai M, Nakamura K, Miura K, Takamura T, Yoshita K, Nagasawa S, et al. Self-reported speed of eating and 7-year
risk of type 2 diabetes mellitus in middle-aged Japanese men. Metabolism 2012 Nov;61(11):1566-1571. [doi:
10.1016/j.metabol.2012.04.005] [Medline: 22560127]

8. Yamazaki T, Yamori M, Asai K, Nakano-Araki I, Yamaguchi A, Takahashi K, Nagahama Study Collaboration Group.
Mastication and risk for diabetes in a Japanese population: a cross-sectional study. PLoS One 2013;8(6):e64113 [FREE
Full text] [doi: 10.1371/journal.pone.0064113] [Medline: 23755114]

9. Hattori T, Konno S, Munakata M. Gender differences in lifestyle factors associated with metabolic syndrome and preliminary
metabolic syndrome in the general population: the Watari Study. Intern Med 2017 Sep 01;56(17):2253-2259 [FREE Full
text] [doi: 10.2169/internalmedicine.8578-16] [Medline: 28794374]

10. Zhu Y, Hollis JH. Increasing the number of chews before swallowing reduces meal size in normal-weight, overweight, and
obese adults. J Acad Nutr Diet 2014 Jun;114(6):926-931. [doi: 10.1016/j.jand.2013.08.020] [Medline: 24215801]

11. Lee M, Huang Y, Wahlqvist ML. Chewing ability in conjunction with food intake and energy status in later life affects
survival in Taiwanese with the metabolic syndrome. J Am Geriatr Soc 2010 Jun;58(6):1072-1080. [doi:
10.1111/j.1532-5415.2010.02870.x] [Medline: 20487084]

12. Fukui N, Shimazaki Y, Shinagawa T, Yamashita Y. Periodontal status and metabolic syndrome in middle-aged Japanese.
J Periodontol 2012 Nov;83(11):1363-1371. [doi: 10.1902/jop.2012.110605] [Medline: 22248226]

13. Kral JG, Buckley MC, Kissileff HR, Schaffner F. Metabolic correlates of eating behavior in severe obesity. Int J Obes Relat
Metab Disord 2001 Feb;25(2):258-264. [doi: 10.1038/sj.ijo.0801469] [Medline: 11410829]

14. Borvornparadorn M, Sapampai V, Champakerdsap C, Kurupakorn W, Sapwarobol S. Increased chewing reduces energy
intake, but not postprandial glucose and insulin, in healthy weight and overweight young adults. Nutr Diet 2019
Feb;76(1):89-94. [doi: 10.1111/1747-0080.12433] [Medline: 29767425]

15. Li J, Zhang N, Hu L, Li Z, Li R, Li C, et al. Improvement in chewing activity reduces energy intake in one meal and
modulates plasma gut hormone concentrations in obese and lean young Chinese men. Am J Clin Nutr 2011 Sep;94(3):709-716.
[doi: 10.3945/ajcn.111.015164] [Medline: 21775556]

16. Scisco JL, Muth ER, Dong Y, Hoover AW. Slowing bite-rate reduces energy intake: an application of the bite counter
device. J Am Diet Assoc 2011 Aug;111(8):1231-1235. [doi: 10.1016/j.jada.2011.05.005] [Medline: 21802572]

17. 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 Mar;114(3):393-402. [doi: 10.1016/j.jand.2013.11.002] [Medline:
24388483]

18. Teo PS, van Dam RM, Whitton C, Tan LWL, Forde CG. Association between self-reported eating rate, energy intake, and
cardiovascular risk factors in a multi-ethnic Asian population. Nutrients 2020 Apr 13;12(4):1080 [FREE Full text] [doi:
10.3390/nu12041080] [Medline: 32295057]

19. Higgs S, Jones A. Prolonged chewing at lunch decreases later snack intake. Appetite 2013 Mar;62:91-95. [doi:
10.1016/j.appet.2012.11.019] [Medline: 23207188]

20. Johansson AS, Westberg K, Edin BB. Task-dependent control of the jaw during food splitting in humans. J Neurophysiol
2014 Jun 15;111(12):2614-2623 [FREE Full text] [doi: 10.1152/jn.00797.2013] [Medline: 24671539]

21. Park S, Shin W. Differences in eating behaviors and masticatory performances by gender and obesity status. Physiol Behav
2015 Jan;138:69-74. [doi: 10.1016/j.physbeh.2014.10.001] [Medline: 25447481]

22. Bellisle F, Guy-Grand B, Le Magnen J. Chewing and swallowing as indices of the stimulation to eat during meals in humans:
effects revealed by the edogram method and video recordings. Neurosci Biobehav Rev 2000 Mar;24(2):223-228. [doi:
10.1016/s0149-7634(99)00075-5] [Medline: 10714385]

23. Ioakimidis I, Zandian M, Eriksson-Marklund L, Bergh C, Grigoriadis A, Södersten P. Description of chewing and food
intake over the course of a meal. Physiol Behav 2011 Oct 24;104(5):761-769. [doi: 10.1016/j.physbeh.2011.07.021]
[Medline: 21807012]

24. Farooq M, Doulah A, Parton J, McCrory MA, Higgins JA, Sazonov E. Validation of sensor-based food intake detection
by multicamera video observation in an unconstrained environment. Nutrients 2019 Mar 13;11(3):609 [FREE Full text]
[doi: 10.3390/nu11030609] [Medline: 30871173]

25. Taniguchi K, Kondo H, Tanaka T, Nishikawa A. Earable RCC: development of an earphone-type reliable chewing-count
measurement device. J Healthc Eng 2018;2018:6161525 [FREE Full text] [doi: 10.1155/2018/6161525] [Medline: 29796232]

26. Yamaguchi T, Mikami S, Saito M, Okada K, Gotouda A. A newly developed ultraminiature wearable electromyogram
system useful for analyses of masseteric activity during the whole day. J Prosthodont Res 2018 Jan;62(1):110-115. [doi:
10.1016/j.jpor.2017.04.001] [Medline: 28566138]

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 3 | e30789 | p. 10https://mhealth.jmir.org/2022/3/e30789
(page number not for citation purposes)

Uehara et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.archger.2017.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28214402&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2011.04.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21565235&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2012.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22560127&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0064113
https://dx.plos.org/10.1371/journal.pone.0064113
http://dx.doi.org/10.1371/journal.pone.0064113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23755114&dopt=Abstract
https://dx.doi.org/10.2169/internalmedicine.8578-16
https://dx.doi.org/10.2169/internalmedicine.8578-16
http://dx.doi.org/10.2169/internalmedicine.8578-16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28794374&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2013.08.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24215801&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2010.02870.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20487084&dopt=Abstract
http://dx.doi.org/10.1902/jop.2012.110605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22248226&dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0801469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11410829&dopt=Abstract
http://dx.doi.org/10.1111/1747-0080.12433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29767425&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.111.015164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21775556&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2011.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21802572&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2013.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24388483&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu12041080
http://dx.doi.org/10.3390/nu12041080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32295057&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2012.11.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23207188&dopt=Abstract
https://journals.physiology.org/doi/10.1152/jn.00797.2013?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1152/jn.00797.2013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24671539&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2014.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25447481&dopt=Abstract
http://dx.doi.org/10.1016/s0149-7634(99)00075-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10714385&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2011.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21807012&dopt=Abstract
http://www.mdpi.com/resolver?pii=nu11030609
http://dx.doi.org/10.3390/nu11030609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30871173&dopt=Abstract
https://doi.org/10.1155/2018/6161525
http://dx.doi.org/10.1155/2018/6161525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29796232&dopt=Abstract
http://dx.doi.org/10.1016/j.jpor.2017.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28566138&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


27. Sazonov E, Schuckers S, Lopez-Meyer P, Makeyev O, Sazonova N, Melanson EL, et al. Non-invasive monitoring of
chewing and swallowing for objective quantification of ingestive behavior. Physiol Meas 2008 May;29(5):525-541 [FREE
Full text] [doi: 10.1088/0967-3334/29/5/001] [Medline: 18427161]

28. Hori K, Uehara F, Yamaga Y, Yoshimura S, Okawa J, Tanimura M, et al. Reliability of a novel wearable device to measure
chewing frequency. J Prosthodont Res 2021 Aug 21;65(3):340-345 [FREE Full text] [doi: 10.2186/jpr.JPR_D_20_00032]
[Medline: 33441503]

29. The National Health and Nutrition Survey in Japan, 2018. Ministry of Health, Labour and Welfare, Japan. URL: https:/
/www.e-stat.go.jp/dbview?sid=0003223783 [accessed 2022-03-07]

30. Standard tables of food composition in Japan, seventh revised version. Ministry of Education, Culture, Sports, Science and
Technology (MEXT), Japan. 2015. URL: https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/
1374030.htm [accessed 2015-03-07]

31. Takahara M, Katakami N, Kaneto H, Noguchi M, Shimomura I. Prediction of the presence of insulin resistance using
general health checkup data in Japanese employees with metabolic risk factors. J Atheroscler Thromb 2014;21(1):38-48
[FREE Full text] [doi: 10.5551/jat.18622] [Medline: 24025703]

32. Zhang R, Amft O. Monitoring chewing and eating in free-living using smart eyeglasses. IEEE J Biomed Health Inform
2018 Jan;22(1):23-32. [doi: 10.1109/JBHI.2017.2698523] [Medline: 28463209]

33. Petty AJ, Melanson KJ, Greene GW. Self-reported eating rate aligns with laboratory measured eating rate but not with
free-living meals. Appetite 2013 Apr;63:36-41. [doi: 10.1016/j.appet.2012.12.014] [Medline: 23266516]

34. Sun L, Ranawana DV, Tan WJK, Quek YCR, Henry CJ. The impact of eating methods on eating rate and glycemic response
in healthy adults. Physiol Behav 2015 Feb;139:505-510. [doi: 10.1016/j.physbeh.2014.12.014] [Medline: 25484351]

35. Zhu B, Haruyama Y, Muto T, Yamazaki T. Association between eating speed and metabolic syndrome in a three-year
population-based cohort study. J Epidemiol 2015;25(4):332-336. [doi: 10.2188/jea.je20140131]

36. Nanri A, Miyaji N, Kochi T, Eguchi M, Kabe I, Mizoue T. Eating speed and risk of metabolic syndrome among Japanese
workers: the Furukawa Nutrition and Health Study. Nutrition 2020 Oct;78:110962. [doi: 10.1016/j.nut.2020.110962]
[Medline: 32866899]

37. Woodward E, Haszard J, Worsfold A, Venn B. Comparison of self-reported speed of eating with an objective measure of
eating rate. Nutrients 2020 Feb 26;12(3):599 [FREE Full text] [doi: 10.3390/nu12030599] [Medline: 32110855]

38. Kikui M, Ono T, Kokubo Y, Kida M, Kosaka T, Yamamoto M, et al. Relationship between metabolic syndrome and
objective masticatory performance in a Japanese general population: the Suita study. J Dent 2017 Jan;56:53-57. [doi:
10.1016/j.jdent.2016.10.014] [Medline: 27793706]

39. Pérez-Sayáns M, González-Juanatey JR, Lorenzo-Pouso AI, Chamorro-Petronacci CM, Blanco-Carrión A, Marichalar-Mendía
X, et al. Metabolic syndrome and masticatory hypofunction: a cross-sectional study. Odontology 2021 Jul;109(3):574-584.
[doi: 10.1007/s10266-020-00577-x] [Medline: 33428015]

40. Fukuda H, Saito T, Mizuta M, Moromugi S, Ishimatsu T, Nishikado S, et al. Chewing number is related to incremental
increases in body weight from 20 years of age in Japanese middle-aged adults. Gerodontology 2013 Sep;30(3):214-219.
[doi: 10.1111/j.1741-2358.2012.00666.x] [Medline: 22607548]

41. Smit HJ, Kemsley EK, Tapp HS, Henry CJK. Does prolonged chewing reduce food intake? Fletcherism revisited. Appetite
2011 Aug;57(1):295-298. [doi: 10.1016/j.appet.2011.02.003] [Medline: 21316411]

42. Walden HM, Martin CK, Ortego LE, Ryan DH, Williamson DA. A new dental approach for reducing food intake. Obes
Res 2004 Nov;12(11):1773-1780 [FREE Full text] [doi: 10.1038/oby.2004.220] [Medline: 15601972]

43. Bolhuis DP, Lakemond CMM, de Wijk RA, Luning PA, de Graaf C. Consumption with large sip sizes increases food intake
and leads to underestimation of the amount consumed. PLoS One 2013;8(1):e53288 [FREE Full text] [doi:
10.1371/journal.pone.0053288] [Medline: 23372657]

44. Xu J, Xiao X, Li Y, Zheng J, Li W, Zhang Q, et al. The effect of gum chewing on blood GLP-1 concentration in fasted,
healthy, non-obese men. Endocrine 2015 Sep;50(1):93-98 [FREE Full text] [doi: 10.1007/s12020-015-0566-1] [Medline:
25758865]

45. Sonoki K, Iwase M, Takata Y, Nakamoto T, Masaki C, Hosokawa R, et al. Effects of thirty-times chewing per bite on
secretion of glucagon-like peptide-1 in healthy volunteers and type 2 diabetic patients. Endocr J 2013;60(3):311-319 [FREE
Full text] [doi: 10.1507/endocrj.ej12-0310] [Medline: 23138354]

46. Read NW, Welch IM, Austen CJ, Barnish C, Bartlett CE, Baxter AJ, et al. Swallowing food without chewing; a simple
way to reduce postprandial glycaemia. Br J Nutr 1986 Jan;55(1):43-47. [doi: 10.1079/bjn19860008] [Medline: 3311145]

47. Ranawana V, Leow MK, Henry CJK. Mastication effects on the glycaemic index: impact on variability and practical
implications. Eur J Clin Nutr 2014 Jan;68(1):137-139. [doi: 10.1038/ejcn.2013.231] [Medline: 24219890]

48. Sato A, Ohtsuka Y, Yamanaka Y. Morning mastication enhances postprandial glucose metabolism in healthy young subjects.
Tohoku J Exp Med 2019 Nov;249(3):193-201 [FREE Full text] [doi: 10.1620/tjem.249.193] [Medline: 31761819]

49. Kataoka M, Venn BJ, Williams SM, Te Morenga LA, Heemels IM, Mann JI. Glycaemic responses to glucose and rice in
people of Chinese and European ethnicity. Diabet Med 2013 Mar;30(3):e101-e107. [doi: 10.1111/dme.12080] [Medline:
23181689]

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 3 | e30789 | p. 11https://mhealth.jmir.org/2022/3/e30789
(page number not for citation purposes)

Uehara et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/18427161
http://europepmc.org/abstract/MED/18427161
http://dx.doi.org/10.1088/0967-3334/29/5/001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18427161&dopt=Abstract
https://doi.org/10.2186/jpr.JPR_D_20_00032
http://dx.doi.org/10.2186/jpr.JPR_D_20_00032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33441503&dopt=Abstract
https://www.e-stat.go.jp/dbview?sid=0003223783
https://www.e-stat.go.jp/dbview?sid=0003223783
https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
http://joi.jlc.jst.go.jp/DN/JST.JSTAGE/jat/18622?from=PubMed
http://dx.doi.org/10.5551/jat.18622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24025703&dopt=Abstract
http://dx.doi.org/10.1109/JBHI.2017.2698523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28463209&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2012.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23266516&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2014.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25484351&dopt=Abstract
http://dx.doi.org/10.2188/jea.je20140131
http://dx.doi.org/10.1016/j.nut.2020.110962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32866899&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu12030599
http://dx.doi.org/10.3390/nu12030599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32110855&dopt=Abstract
http://dx.doi.org/10.1016/j.jdent.2016.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27793706&dopt=Abstract
http://dx.doi.org/10.1007/s10266-020-00577-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33428015&dopt=Abstract
http://dx.doi.org/10.1111/j.1741-2358.2012.00666.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22607548&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2011.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21316411&dopt=Abstract
https://doi.org/10.1038/oby.2004.220
http://dx.doi.org/10.1038/oby.2004.220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15601972&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0053288
http://dx.doi.org/10.1371/journal.pone.0053288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23372657&dopt=Abstract
http://europepmc.org/abstract/MED/25758865
http://dx.doi.org/10.1007/s12020-015-0566-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25758865&dopt=Abstract
https://joi.jlc.jst.go.jp/DN/JST.JSTAGE/endocrj/EJ12-0310?from=PubMed
https://joi.jlc.jst.go.jp/DN/JST.JSTAGE/endocrj/EJ12-0310?from=PubMed
http://dx.doi.org/10.1507/endocrj.ej12-0310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23138354&dopt=Abstract
http://dx.doi.org/10.1079/bjn19860008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3311145&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2013.231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24219890&dopt=Abstract
https://doi.org/10.1620/tjem.249.193
http://dx.doi.org/10.1620/tjem.249.193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31761819&dopt=Abstract
http://dx.doi.org/10.1111/dme.12080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23181689&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Hamada Y, Miyaji A, Hayashi N. Effect of postprandial gum chewing on diet-induced thermogenesis. Obesity (Silver
Spring) 2016 Apr;24(4):878-885 [FREE Full text] [doi: 10.1002/oby.21421] [Medline: 26887536]

51. Bolhuis DP, Lakemond CMM, de Wijk RA, Luning PA, Graaf CD. Both longer oral sensory exposure to and higher intensity
of saltiness decrease ad libitum food intake in healthy normal-weight men. J Nutr 2011 Dec;141(12):2242-2248. [doi:
10.3945/jn.111.143867] [Medline: 22049294]

52. Macht M. How emotions affect eating: a five-way model. Appetite 2008 Jan;50(1):1-11. [doi: 10.1016/j.appet.2007.07.002]
[Medline: 17707947]

Abbreviations
AC: abdominal circumference
BP: blood pressure
GLU: fasting glucose concentration
HDL-c: high-density lipoprotein cholesterol
MetS: metabolic syndrome
SL: serum lipids

Edited by L Buis; submitted 25.06.21; peer-reviewed by M Simione, YL Leung; comments to author 23.07.21; revised version received
16.10.21; accepted 18.02.22; published 24.03.22

Please cite as:
Uehara F, Hori K, Hasegawa Y, Yoshimura S, Hori S, Kitamura M, Akazawa K, Ono T
Impact of Masticatory Behaviors Measured With Wearable Device on Metabolic Syndrome: Cross-sectional Study
JMIR Mhealth Uhealth 2022;10(3):e30789
URL: https://mhealth.jmir.org/2022/3/e30789
doi: 10.2196/30789
PMID: 35184033

©Fumiko Uehara, Kazuhiro Hori, Yoko Hasegawa, Shogo Yoshimura, Shoko Hori, Mari Kitamura, Kohei Akazawa, Takahiro
Ono. Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org), 24.03.2022. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
mHealth and uHealth, is properly cited. The complete bibliographic information, a link to the original publication on
https://mhealth.jmir.org/, as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 3 | e30789 | p. 12https://mhealth.jmir.org/2022/3/e30789
(page number not for citation purposes)

Uehara et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://doi.org/10.1002/oby.21421
http://dx.doi.org/10.1002/oby.21421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26887536&dopt=Abstract
http://dx.doi.org/10.3945/jn.111.143867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22049294&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2007.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17707947&dopt=Abstract
https://mhealth.jmir.org/2022/3/e30789
http://dx.doi.org/10.2196/30789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35184033&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

