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Objectives. The aim of the present study was to investigate the relationship between eating behaviors and overweight among
population-based adolescents in Japan.Methods. Study subjects comprised adolescents in the seventh grade (age range, 12–13 years)
from Ina, a town in Saitama Prefecture, Japan, between 1999 and 2008. The height and weight of the subjects were measured, and
information concerning eating behaviors (eating speed and eating until full) was obtained using a self-administered questionnaire.
Results. Among boys (𝑛 = 1586), fast eating speed significantly increased the odds ratio (OR) for overweight when compared with
medium eating speed, regardless of eating until full or not; moreover, a more marked increase in the OR was observed among boys
eating until full (OR: 2.78, 95% confidence interval: 1.76–4.38) than among those not eating until full (2.43, 1.41–4.20). Among girls
(𝑛 = 1542), fast eating speed led to a significant increase in the OR in those eating until full; however, no significant increases were
observed in the OR in those eating quickly and not until full.Conclusions. Among adolescents, fast eating speed was associated with
overweight; furthermore, the combination of both fast eating speed and eating until full may have a significant effect on overweight.

1. Introduction

Obesity is a major risk factor for chronic diseases, and it also
plays a central role in both insulin resistance and metabolic
syndrome, which includes hyperinsulinemia, hypertension,
hyperlipidemia, and type 2 diabetes mellitus [1]. It was
recently reported that the metabolic and physiologic abnor-
malities associated with obesity in adolescence (e.g., hyper-
tension, dyslipidemia, and type 2 diabetes) tend to track
into adulthood, along with the condition of obesity itself
[2].Moreover, independent of adult obesity status, adolescent
obesity increases the long-term risk of adult mortality and
morbidity [3]. Therefore, the importance of obesity preven-
tion in adolescents is evident.

Overweight and obesity have also been reported to be
associated with a variety of lifestyle factors [4–13], among
which, eating behavior has long been identified as a factor.

Several studies have reported an association between eating
speed and overweight or obesity [9–11], and eating until
full, which refers to consuming a large quantity of food in
one meal and is unrelated to eating disorders [12], has been
reported to be associated with overweight [12, 13]. However,
the effect of eating speed on overweight could depend on
the behavior of eating until full, because the total energy
intake in those who eat quickly and until full is usually higher
than that in those who eat quickly but not until full. In fact,
Maruyama et al. reported that both eating quickly and eating
until full are associated with overweight among adults, and
the combination of the two may have a substantial impact
on overweight [12]. For example, fast eating speed may not
have a significant effect on overweight if the individual does
not eat until full.Therefore, when eating speed is evaluated as
a risk factor for overweight or obesity, it may be essential to
consider eating until full behavior. However, to the best of our
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knowledge, the combined effect of eating speed and eating
until full behavior on overweight among adolescents has yet
to be reported.

Accordingly, the aim of the present study was both to
investigate the relationship between eating behaviors (eating
speed or eating until full) and overweight and to examine
the effect of the combined behaviors on overweight among
population-based adolescents in Japan.

2. Methods

In addition to the annual national health checkups performed
in accordance with the School Health Law of Japan, the town
of Ina, located in Saitama Prefecture, has conducted a unique
health-promotion program since 1994.

The program consists of a questionnaire survey, blood
test, and physical examination for both fourth and seventh
graders. Several studies concerning this program have been
conducted [14–16].

2.1. Study Subjects. Study subjects comprised a total of 3256
seventh-grade school children (age range, 12-13 years) from
Ina between 1999 and 2008 (𝑛 = 306 in 1999; 309 in 2000;
298 in 2001; 317 in 2002; 293 in 2003; 315 in 2004; 312 in
2005; 354 in 2006; 380 in 2007; and 372 in 2008). Informed
consent was obtained from the parent or guardian of each
subject prior to their participation in the study. The study
protocol was approved by the Medical Ethics Committee of
Showa University School of Medicine.

2.2. Questionnaire Survey. A self-administered questionnaire
was distributed to each subject by a teacher in the junior
high school. Each subject and a parent or guardian completed
the questionnaire, which was composed of the following
two sections: one (on the front of the questionnaire) to be
completed by the subject; and the other (on the back) to be
completed by the parent or guardian.

The questionnaire asked subjects about the following
items: sex; age; exercise other than physical education class
(daily, sometimes, or none); snacking after dinner (always,
often, seldom, or none); eating speed; and eating until full
behavior. Information concerning eating speed was based on
three possible responses (fast, medium, or slow) [17] to the
question “How fast is your eating speed compared to others?”
With regard to eating until full behavior, possible responses
were either yes or no [18].

The parent or guardian of each subject was asked to
complete a self-administered questionnaire regarding the
subject’s birth weight, wake-up time, bedtime, frequency of
eating breakfast (daily, sometimes, or none), and whether
the child was an only child. The heights and weights of
the parents or guardians were also self-reported in the
questionnaire. Self-reported height andweight are commonly
used in epidemiological studies and are generally reliable in
Japanese men and women [19]. Sleep duration was calculated
from wake-up time and bedtime, and frequency of eating
breakfast was categorized into the following two groups:

skipping breakfast (sometimes and none) and not skipping
breakfast (daily).

2.3. Anthropometric Measurements. To protect the privacy
of the subjects, height and weight were measured either
in the school’s infirmary or in a designated room. For
the anthropometric measurements, the subjects wore light
clothing and were barefoot. Height was measured to the
nearest 0.1 cm using a stadiometer, and body weight was
measured to the nearest 0.1 kg using a scale. Body mass index
(BMI) was calculated as weight (kg) divided by height (m)
squared. These measurements were recorded annually from
1999 to 2008.

2.4. Definition of Overweight and Obesity. Childhood over-
weight (including obesity) was determined according to the
age- and sex-specific cut-off points proposed by the Interna-
tional Obesity Task Force [20].The criteria have been used in
numerous epidemiological studies for both Japanese children
and adolescents [8, 21–24]. Based on previous studies for
Japanese adults [25, 26], parents who had a BMI ≥25 kg/m2
were defined as obese.

2.5. Data Analysis. Statistical analysis was performed sepa-
rately for each sex. Either the chi-square test or theWilcoxon
rank-sum test was used to compare various characteris-
tics between the overweight and nonoverweight groups. A
logistic regression model was then employed to evaluate
the relationship between eating behaviors and overweight,
and both the crude odds ratio (OR) for overweight and
the 95% confidence interval (95% CI) were estimated and
subsequently adjusted for potential confounders. Variables
that had been reported to be associated with overweight
[4, 8, 27–30], and that were different between the overweight
and the nonoverweight groups (P value less than 0.05) in
this study, were considered as potential confounders. These
included birth weight, obesity status of the parent, frequency
of exercise, and skipping breakfast. A P value less than
0.05 was considered statistically significant. All statistical
analyses were performed using Statistical Analysis System
(SAS) software (version 9.2; SAS Institute Inc., Cary, NC,
USA).

3. Results

Among all 3256 subjects, 28 refused to participate in the
program (participation rate: 99.1%), and 100 were excluded
due to incomplete data. Thus, data from a total of 3128
subjects were analyzed.

The characteristics of both the overweight and the
nonoverweight boys (𝑛 = 1586) are shown in Table 1.
Boys with one or more obese parents were more frequently
found to be in the overweight group, and statistically signif-
icant differences were observed between the overweight and
nonoverweight groups in both birth weight and frequency of
exercise. A significantly higher proportion of those who eat
quickly was found in the overweight group when compared
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Table 1: Characteristics of the nonoverweight and the overweight
boys among study participants.

Variables Nonoverweight
(𝑛 = 1355)

Overweight
(𝑛 = 231) 𝑃 value

a

Age (years) 12.0 (12.37) 12.0 (12.39) 0.594
Birthweight (g)
<2500 6.0 8.9 <0.001
2500–2999 29.1 23.0
3000–3499 45.7 38.1
3500–3999 17.4 24.8
4000+ 1.8 5.3

Only child (%) 7.8 9.3 0.438
Parent’s obesity (%)

None 69.5 41.2 <0.001
Father only 20.9 32.3
Mother only 5.6 16.2
Father and mother 4.1 10.4

Exercise (%)
None 9.5 16.1 0.005
Sometimes 8.4 10.3
Daily 82.1 73.5

Sleeping hours (%)
9.0+ 24.4 21.1 0.785
8.0–8.9 53.5 55.4
7.0–7.9 19.8 21.1
<7.0 2.3 2.5

Skipping breakfast (%) 5.2 4.4 0.624
Snack after dinner (%)

Seldom or none 39.9 42.6 0.441
Always or often 60.1 57.4

Eating speed (%)
Fast 21.8 47.2 <0.001
Medium 59.6 46.3
Slow 18.6 6.5

Eating until full (%) 54.7 58.9 0.237
Except where indicated percentage (%), values are median (mean).
aChi-square test or Wilcoxon rank-sum test.

with the nonoverweight group. Furthermore, a higher pro-
portion of subjects who reported eating until full was found
in the overweight group; however, this difference was not
statistically significant.

The characteristics of both the overweight and nonover-
weight girls (𝑛 = 1542) are shown in Table 2. Similar
to boys, girls with one or more obese parents were more
frequently found to be in the overweight group, and statis-
tically significant differences were also observed between the
overweight and nonoverweight groups in both birth weight
and frequency of exercise. A higher proportion of those who
skip breakfast and a higher proportion of those who eat
quickly were found in the overweight group.

Table 2: Characteristics of the nonoverweight and the overweight
girls among study participants.

Variables Nonoverweight
(𝑛 = 1363)

Overweight
(𝑛 = 179) 𝑃 value

a

Age (years) 12.0 (12.36) 12.0 (12.37) 0.757
Birthweight (g)
<2500 7.3 1.7 <0.001
2500–2999 35.7 29.3
3000–3499 44.0 47.1
3500–3999 11.9 16.1
4000+ 1.1 5.8

Only child (%) 8.2 11.2 0.175
Parent’s obesity (%)

None 67.4 41.8 <0.001
Father only 21.9 25.5
Mother only 8.2 23.4
Father and mother 2.5 9.2

Exercise (%)
None 26.4 38.5 <0.001
Sometimes 13.5 20.7
Daily 60.1 40.8

Sleeping hours (%)
9.0+ 15.5 12.5 0.610
8.0–8.9 50.7 50.7
7.0–7.9 29.5 33.6
<7.0 4.2 3.3

Skipping breakfast (%) 7.2 11.8 0.033
Snack after dinner (%)

Seldom or none 43.0 41.5 0.700
Always or often 57.0 58.5

Eating speed (%)
Fast 11.7 18.4 0.010
Medium 62.4 63.1
Slow 25.3 18.4

Eating until full (%) 53.3 50.8 0.541
Except where indicated percentage (%), values are median (mean).
aChi-square test or Wilcoxon rank-sum test.

The crude and adjustedORs of eating speed or eating until
full for overweight are shown in Table 3. When compared
to adolescents who reported a medium eating speed, a
significantly increased OR was found among both boys (OR:
2.65, 95% CI: 1.87–3.75, 𝑃 < 0.001) and girls (1.73, 1.05–
2.85, 𝑃 = 0.033) in the fast eating speed group, whereas
no increased OR was observed in the slow eating group,
regardless of sex. The adjusted OR of eating until full was not
statistically significant for either sex.

The adjusted ORs of eating speed for overweight were
then calculated based on eating until full behavior (Table 4).
In boys, a significant increase in the OR of a fast eating
speed was observed compared with a medium eating speed,
regardless of eating until full behavior. Furthermore, a more
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Table 3: Crude and adjusted odds ratios of eating speed or eating until full for being overweight.

Variables Total
𝑁

Overweight
𝑛 (%)

Crude Adjusted
OR (95% CI) 𝑃 value OR (95% CI) 𝑃 value

Among boys
Eating speed

Fast 404 109 (27.0) 2.79 (2.07–3.76) <0.001 2.65 (1.87–3.75) <0.001
Medium 915 107 (11.7) 1.00 1.00
Slow 267 15 (5.6) 0.45 (0.26–0.79) 0.005 0.51 (0.27–0.94) 0.031

Eating until full
Yes 877 136 (15.5) 1.19 (0.89–1.57) 0.237 1.15 (0.83–1.60) 0.394
No 709 95 (13.4) 1.00 1.00

Among girls
Eating speed

Fast 193 33 (17.1) 1.55 (1.02–2.37) 0.041 1.73 (1.05–2.85) 0.033
Medium 964 113 (11.7) 1.00 1.00
Slow 385 33 (8.6) 0.71 (0.47–1.06) 0.094 0.74 (0.45–1.20) 0.218

Eating until full
Yes 817 91 (11.1) 0.91 (0.66–1.24) 0.541 0.84 (0.58–1.22) 0.353
No 725 88 (12.1) 1.00 1.00

OR: odds ratio; CI: confidence interval. Adjusted for birth weight, parents’ obesity, exercise, and skipping breakfast.

marked increase was observed among those eating until full
(OR: 2.78, 95% CI: 1.76–4.38, 𝑃 < 0.001) than among those
not eating until full (2.43, 1.41–4.20, 𝑃 = 0.001) in the
OR for overweight. In girls, fast eating speed resulted in
a significantly increased OR among those eating until full,
whereas no significant increase was observed in OR among
those not eating until full. The ORs of eating slowly did
not increase among either sex, regardless of eating until full
behavior.

4. Discussion

In this study, some significantly different baseline character-
istics were observed between the overweight and nonover-
weight groups. For example, adolescents with one or more
obese parents were more frequently found in the overweight
group. Familial variables, especially parental obesity, have
been reported to be the most important in relation to
childhood obesity [31], and the association between parental
overweight/obesity and childhood overweight/obesity has
been reported in a number of studies [7, 8, 27, 30]. Moreover,
a relationship has also been reported between overweight and
birthweight, exercise, or skipping breakfast among children
or adolescents [4, 8, 29, 30]. Therefore, our results were
consistent with those from previous studies.

Furthermore, as shown in Table 3, fast eating speed
significantly increased the OR for overweight, which is also
consistent with results from previous studies [8, 11, 12]. Fast
eating speed has been shown to be associated with adolescent
overweight [8] and associated with overweight in children
[11]. It has also been shown to be a risk factor for obesity
among preschool children [10]. One possible mechanism
underlying the relationship between fast eating speed and

overweight is the increase in energy intake among fast eaters;
this is because energy intake per day increases significantly
with an increase in eating speed [9]. In addition, sex dif-
ferences were observed in the effect of fast eating speed on
overweight (Table 3).The adjusted OR of fast eating speed for
overweight amongboyswas higher than that observed among
girls. One of the reasons could be the difference between the
sexes in eating speed. A previous study reported that men ate
faster than women and women took more bites and longer to
eat than men [32]. The second reason might be the result of
differences between the sexes in food preferences. Boys have
been shown to prefer meat, processed meat products, eggs,
and fatty and sugary foods more than girls [33]. In addition,
girls may be more likely to select low calorie foods when they
snack due to girls’ preferences in relation to body shape [8].
Accordingly, the differences observed between the sexes in
the effect of eating speed on overweight may be the result
of the differences in eating speed and/or food preferences;
however, further study is needed to elucidate the biological
mechanisms underlying these differences.

In this study, the effect of eating quickly on overweight
varied by eating until full behavior (Table 4).The adjustedOR
of fast eating speed for overweight was higher among those
eating until full than that among those not eating until full.
Eating quickly can lead to a reduced awareness of the quantity
of food consumed,which in turn can lead to consumption of a
quantity of food that exceeds the amount necessary for satiety
[34]. It has recently been reported that fast eating speed
may lead to overeating before the stomach senses fullness
[9, 11]. Moreover, total energy intake has been shown to be
higher among individuals who report eating until full than
among those who do not [12]. Therefore, the amount of food
consumed by those who eat quickly and until full could be
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Table 4: Adjusted odds ratios of eating speed for being overweight by eating until full or not.

Variables
Eating until full Not eating until full

Total
𝑁

Overweight
𝑛 (%) AOR (95% CI) 𝑃 value Total

𝑁

Overweight
𝑛 (%) AOR (95% CI) 𝑃 value

Among boys
Eating speed

Fast 242 71 (29.3) 2.78 (1.76–4.38) <0.001 162 38 (23.5) 2.43 (1.41–4.20) 0.001
Medium 503 56 (11.1) 1.00 412 51 (12.4) 1.00
Slow 132 9 (6.8) 0.57 (0.25–1.28) 0.170 135 6 (4.4) 0.42 (0.16–1.11) 0.080

Among girls
Eating speed

Fast 106 22 (20.8) 2.97 (1.53–5.76) 0.001 87 11 (12.6) 0.90 (0.39–2.05) 0.793
Medium 503 50 (9.9) 1.00 461 63 (13.7) 1.00
Slow 208 19 (9.1) 0.87 (0.43–1.75) 0.689 177 14 (7.9) 0.65 (0.33–1.30) 0.227

AOR: adjusted odds ratio; CI: confidence interval. Adjusted for birth weight, parents’ obesity, exercise, and skipping breakfast.

larger than that consumed by those who eat quickly but do
not eat until full. In girls, eating both quickly anduntil full was
associatedwith an increase in theOR for overweight, whereas
eating quickly and not until full did not.These results suggest
that the combination of eating quickly and until full has a
substantial effect on overweight, while not eating until full
helps to prevent overweight in girls. However, further study
is needed to verify these results because information on total
energy intake was not collected in this study.

On the other hand, regardless of eating until full or not,
no increase was observed in the OR of slow eating speed
for overweight. Eating slowly may help to maximize satiation
and thus reduce energy intake during meals [35]. In fact, it
was recently reported that linear eaters—that is, people who
eat at an approximately constant rate—ate less food when
challenged to eat at a lower speed [36]. Furthermore, it has
been shown that, by eating more slowly, an obese patient
can improve his digestion, learn to savor the food, and may
eventually achieve a normal state of satiation with less food
intake [37]. Therefore, eating slowly could be effective for the
prevention of overeating and childhood overweight.

The strengths of this study were that the outcome (over-
weight or nonoverweight) was defined by height and weight
measurements, and that the effect of the combinations of eat-
ing speed and eating until full on overweight was evaluated in
over 3000 population-based adolescents. However, this study
has some potential limitations. First, information concerning
eating speed and eating until full was self-reported and, thus,
could be not objectively evaluated. However, a high level of
concordance between self-reported and friend-reported rates
of eating has been reported [38]. Additionally, a statistically
positive association between the self-reported rate of eating
and energy intake has been recently reported [9], and self-
reported rapid eating has been shown to be associated with
both overweight and weight gain [8, 11, 34]. Therefore, the
findings from this study could be considered reasonable;
however, further prospective or intervention studies are
needed to verify our results. Second, the possibility of residual
confounding in this study cannot be excluded. For instance,

socioeconomic status (SES), which has been reported as being
a risk factor for both overweight and obesity [39, 40], was not
included as an item in the study questionnaire and therefore
not evaluated. Third, the present study results were based
on data from only one town in Japan. Therefore, due to
cultural differences in eating behavior, applying our results
to other populations may be difficult. Finally, the present
study was a cross-sectional study, and, thus, determining a
causal relationship of eating behaviors to overweight was not
possible.Therefore, the possibility of reverse causality cannot
be excluded.

5. Conclusion

Results of the present study indicated that fast eating speed
was associated with overweight. Moreover, the combination
of both fast eating speed and eating until full may have a sig-
nificant effect on overweight among adolescents. Decreasing
eating speed is therefore suggested to be an effective strategy
for the prevention of overweight among adolescents.
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