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Eating quickly is associated with waist-to-height ratio among Japanese adolescents: a cross-sectional survey
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Abstract
Background
Central obesity, based on waist circumference (WC), has more adverse effects on health than general obesity, determined by body mass index. To date, eating quickly has been reported to be risk factors for overweight/obesity among children, adolescents, and adults. In contrast, there are few studies on the relationship between fast eating and central obesity among adolescents, particularly in Japan, where WC is not commonly measured in junior high schools. The aim of the present study was to investigate the relationship between eating quickly and waist-to-height ratio (WHtR), an index of central obesity, among adolescents in Japan.

Methods
Study subjects were 2136 seventh-grade school children (12 or 13 years of age) from Ina town junior high schools in Japan, between 2004 and 2009. Measurements of height, weight, and WC were performed, and information about eating habits was collected using a self-administered questionnaire. A logistic regression model was used to calculate the odds ratio (OR) and 95 % confidence interval (95 % CI) for WHtR ≥ 0.5.

Results
Eating quickly significantly increased the OR for WHtR ≥ 0.5 in boys (OR: 2.05, 95 % CI: 1.31–3.23) and girls (2.09, 1.15–3.81). When compared with the “not eating quickly and not eating until full” group, the OR for WHtR ≥ 0.5 in the “eating quickly and eating until full” group was 2.67 (95 % CI: 1.50–4.73) in boys and 2.59 (1.17–5.73) in girls, whereas that in the “eating quickly and not eating until full” group or the “not eating quickly and eating until full” group was not statistically significant regardless of sex.

Conclusions
The present study showed that eating quickly was associated with WHtR ≥ 0.5, and “eating quickly and eating until full” had a substantial impact on WHtR ≥ 0.5 among adolescents. This study suggests that modifying fast eating to a slower pace may help prevent central obesity among adolescents.
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Background
Childhood obesity leads to many acute health problems and increases the risk of adult obesity, which in turn increases the likelihood of comorbidities [1]. The risk of obesity persisting into adulthood was shown to be higher among obese adolescents than among younger children [2]. Moreover, a recent study reported that metabolic and physiologic abnormalities associated with obesity in adolescence (e.g., hypertension, dyslipidemias, orthopedic problems, and type 2 diabetes) tend to track into adulthood along with the condition of obesity itself [3]. Thus, obesity in adolescence is a serious public health issue.
A previous study showed that waist circumference (WC) is more closely linked to cardiovascular disease risk factors than body mass index (BMI) [4]. It was recently reported that obesity-related health risk is explained by WC and not by BMI [5]. Furthermore, a systematic review showed that WC was a significant predictor of cardiometabolic outcomes more often than BMI [6]. In addition, the increased mortality risk related to excess body fat is reported to be mainly due to abdominal adiposity [7]. Therefore, central obesity, which is based on WC, is thought to be more pathogenic than general obesity as measured by BMI; for example, central obesity was indicated to be more important as a predictor of diabetes, hypertension, and cardiovascular disease than general obesity [8]. These studies suggest the importance of the prevention of central obesity.
Eating quickly has been reported to be a risk factor for overweight/obesity among children, adolescents, and adults [9–14]. Recent systematic reviews reported that eating quickly is associated with excess body weight [15, 16], although Leong et al. suggested that once women have reached mid-life, faster eating does not predict further weight gain [17]. Moreover, eating speed was reported to be significantly correlated with WC among adults [18]. In contrast, there are a limited number of studies about the relationship between fast eating and central obesity, especially among adolescents. If eating quickly is associated with central obesity, it may be possible to help prevent central obesity by modifying the habit of eating quickly. Thus, it is important to investigate the relationship between eating quickly and central obesity among adolescents, particularly in Japan, where WC is not commonly measured in junior high schools.
In addition to eating quickly, eating until full, which refers to eating a large quantity of food in one meal and is unrelated to eating disorders, was reported to be associated with overweight/obesity [10]. Furthermore, a recent study showed that the impact of eating quickly and eating until full on overweight/obesity was stronger than that of eating quickly and not eating until full [12]. Therefore, it is necessary to consider eating until full when examining the relationship between eating quickly and central obesity because the influence of fast eating on central obesity could differ by eating until full or not. We hypothesized that “eating quickly and eating until full” may be associated with central obesity. Based on previous studies [19, 20], waist-to-height ratio (WHtR) was used as an index of central obesity in this study.
Accordingly, the aim of the present study was to investigate the relationship between eating quickly and WHtR and then to examine the impact of eating habit patterns (not eating quickly and not eating until full, eating quickly and not eating until full, not eating quickly and eating until full, eating quickly and eating until full) on WHtR among adolescents in Japan.

Methods
Study participants
Study subjects were all 2136 seventh-grade school children (12 or 13 years of age) from three Ina town junior high schools between 2004 and 2009. Ina-town in Saitama Prefecture, Japan, had implemented a unique health check-up program as a part of its community health services. In the program, a questionnaire survey and anthropometric measurements were performed [21, 22]. Written informed consent was obtained from the parent or guardian of each subject prior to the subject’s participation in this study. The study protocol was approved by the Medical Ethics Committee of Showa University School of Medicine (Approval No. 127).
Among all 2136 subjects, 26 refused to participate in the program (participation rate: 98.8 %), and 182 were excluded due to missing data about variables in this study. Thus, data from 1928 participants were analyzed.

Questionnaire survey
The following information was collected using a self-administered questionnaire for each child: sex, age, exercise other than physical education class (daily, sometimes, or none), snack after dinner (always, often, seldom, or none), eating speed, and eating until full. Information about eating speed was obtained from three qualitative categories (fast, medium, or slow) [23] to the question “How fast is your eating speed compared to others?” With regard to eating until full, responses were given as a yes or no [24].
In addition, the parent or guardian of each participant was asked to fill in a self-administered questionnaire about the participant’s frequency of eating breakfast (daily, sometimes, or none). Frequency of eating breakfast was categorized into the following two groups: skipping breakfast (sometimes and none) and not skipping breakfast (daily).

Anthropometric measurements
The measurements of each participant’s height, weight, and WC were performed by trained school nurses/doctors either in the school’s infirmary or in a designated room to protect the privacy of participants. Before the measurements, the calibration was done. For anthropometric measurements, participants were lightly clothed and were barefoot. Height and weight of each participant were measured to the nearest 0.1 cm using a stadiometer and to the nearest 0.1 kg using a scale. BMI was calculated as weight (kg)/height2 (m2). WC was measured to the nearest 0.1 cm in a standing position at the navel level while another examiner checked verticality from the side. WHtR was calculated as WC (cm)/height (cm). These measurements were recorded annually from 2004 to 2009. The same measurement protocol was used annually throughout the study period.

Data analysis
Statistical analysis was performed separately for each sex. Data were presented as median (25, 75th percentile) for continuous variables or number (%) for categorical variables. In accordance with previous studies [10, 23, 25], eating speed was categorized into two groups in the analysis: eating quickly (fast) or not eating quickly (medium or slow). The Wilcoxon rank-sum test, the chi-square test, or Fisher’s exact test was used to compare various characteristics between the WHtR ≥ 0.5 group and the WHtR < 0.5 group, which were determined by previous studies [19, 20, 26, 27]. A logistic regression model was used to calculate the odds ratio (OR) for WHtR ≥ 0.5 and the 95 % confidence interval (95 % CI). A P value < 0.05 was considered statistically significant. Statistical analyses were performed using Statistical Analysis System software (version 9.4; SAS Institute Inc., Cary, NC, USA).


Results
Characteristics of the WHtR ≥ 0.5 and the WHtR < 0.5 groups in boys (n = 970) are shown in Table 1. Anthropometric variables in the WHtR ≥ 0.5 group were higher than those in the WHtR < 0.5 group. There was a statistically significant difference between the WHtR ≥ 0.5 and the WHtR < 0.5 groups in exercise. The proportion of those who ate quickly in the WHtR ≥ 0.5 group was significantly higher than that in the WHtR < 0.5 group.Table 1Characteristics of boys by waist-to-height ratio


	Variables
	Waist-to-height ratio
	P-value a

	<0.5 (n =878)
	≥0.5 (n =92)

	Age (years)
	12.0 (12.0, 13.0)
	12.0 (12.0, 13.0)
	0.165

	Height (cm)
	154.7 (148.4, 160.0)
	156.1 (151.3, 161.4)
	0.063

	Weight (kg)
	42.5 (37.4, 47.8)
	60.3 (55.1, 70.0)
	<0.001

	Body mass index (kg/m2)
	17.7 (16.5, 19.1)
	25.1 (23.1, 27.4)
	<0.001

	Waist circumference (cm)
	62.6 (59.5, 66.3)
	84.9 (79.6, 91.9)
	<0.001

	Waist-to-height ratio
	0.40 (0.39, 0.43)
	0.54 (0.51, 0.58)
	<0.001

	Exercise, n (%)
	 	 	 
	 Daily
	759 (86.5)
	67 (72.8)
	0.001

	 Sometimes
	58 (6.6)
	10 (10.9)
	 
	 None
	61 (7.0)
	15 (16.3)
	 
	Skipping breakfast, n (%)
	 	 	 
	 Yes
	41 (4.7)
	3 (3.3)
	0.791

	 No
	837 (95.3)
	89 (96.7)
	 
	Snack after dinner, n (%)
	 	 	 
	 Always or sometimes
	486 (55.4)
	3 (3.3)
	0.434

	 Seldom or none
	392 (44.7)
	89 (96.7)
	 
	Eating quickly, n (%)
	 	 	 
	 Yes
	218 (24.8)
	37 (40.2)
	0.001

	 No
	660 (75.2)
	55 (59.8)
	 
	Eating until full, n (%)
	 	 	 
	 Yes
	461 (52.5)
	54 (58.7)
	0.258

	 No
	417 (47.5)
	38 (41.3)
	 

Except where indicated n (%), values are median (25, 75th percentile)
a Wilcoxon rank-sum test, chi-squared test, or Fisher's exact test



Table 2 shows characteristics of the WHtR ≥ 0.5 and the WHtR < 0.5 groups in girls (n = 958). Anthropometric variables were higher in the WHtR ≥ 0.5 group than in the WHtR < 0.5 group. A statistically significant difference was found between the WHtR ≥ 0.5 and the WHtR < 0.5 groups in exercise. A significantly higher proportion of those who ate quickly was observed in the WHtR ≥ 0.5 group compared with the WHtR < 0.5 group.Table 2Characteristics of girls by waist-to-height ratio


	Variables
	Waist-to-height ratio
	P-value a

	<0.5 (n =886)
	≥0.5 (n =72)

	Age (years)
	12.0 (12.0, 13.0)
	12.0 (12.0, 13.0)
	0.027

	Height (cm)
	152.7 (148.9, 156.8)
	153.7 (149.8, 159.1)
	0.093

	Weight (kg)
	42.4 (38.1, 46.7)
	57.9 (53.1, 62.3)
	<0.001

	Body mass index (kg/m2)
	18.1 (16.7, 19.5)
	24.3 (22.9, 25.7)
	<0.001

	Waist circumference (cm)
	63.5 (60.0, 67.0)
	80.9 (77.5, 84.1)
	<0.001

	Waist-to-height ratio
	0.42 (0.40, 0.44)
	0.52 (0.51, 0.55)
	<0.001

	Exercise, n (%)
	 	 	 
	 Daily
	545 (61.5)
	29 (40.3)
	0.001

	 Sometimes
	104 (11.7)
	16 (22.2)
	 
	 None
	237 (26.8)
	27 (37.5)
	 
	Skipping breakfast, n (%)
	 	 	 
	 Yes
	53 (6.0)
	7 (9.7)
	0.205

	 No
	833 (94.0)
	65 (90.3)
	 
	Snack after dinner, n (%)
	 	 	 
	 Always or sometimes
	469 (52.9)
	34 (47.2)
	0.351

	 Seldom or none
	417 (47.1)
	38 (52.8)
	 
	Eating quickly, n (%)
	 	 	 
	 Yes
	110 (12.4)
	16 (22.2)
	0.018

	 No
	776 (87.6)
	56 (77.8)
	 
	Eating until full, n (%)
	 	 	 
	 Yes
	477 (53.8)
	40 (55.6)
	0.779

	 No
	409 (46.2)
	32 (44.4)
	 

Except where indicated n (%), values are median (25, 75th percentile)
a Wilcoxon rank-sum test, chi-squared test, or Fisher's exact test



The crude and adjusted ORs of eating quickly or eating until full for WHtR ≥ 0.5 were calculated (Table 3). Eating quickly significantly increased the OR for WHtR ≥ 0.5 in boys (OR: 2.05, 95 % CI: 1.31–3.23). A significantly increased OR of eating quickly was also found among girls (2.09, 1.15–3.81). The OR of eating until full was not statistically significant. Additionally, BMI and WC were significantly higher in boys who ate quickly (median, BMI: 18.9 kg/m2 and WC: 65.7 cm) than in those who didn’t eat quickly (17.6 kg/m2 and 62.5 cm), whereas no statistically significant differences were observed between those who ate until full (17.9 kg/m2 and 63.2 cm) and those who didn’t eat until full (18.0 kg/m2 and 63.2 cm). In girls, BMI and WC were significantly higher in those who ate quickly (median, BMI: 19.2 kg/m2 and WC: 66.1 cm) than in those who didn’t eat quickly (18.1 kg/m2 and 63.8 cm), whereas there were no statistically significant differences between those who ate until full (18.3 kg/m2 and 64.0 cm) and those who didn’t eat until full (18.3 kg/m2 and 64.0 cm).Table 3Crude and adjusted odds ratios of eating quickly or eating until full for waist-to-height ratio (WHtR) ≥ 0.5


	Variables
	Total
	WHtR ≥ 0.5
	Crude
	Adjusted

	 	N
	n (%)
	OR (95% CI)
	P-value
	OR (95% CI)
	P-value

	Boys

	 Eating quickly
	 	 	 	 	 	 
	 Yes
	255
	37 (14.5)
	2.04 (1.31–3.18)
	0.002
	2.05 (1.31–3.23)
	0.002

	 No
	715
	55 (7.7)
	1.00
	 	1.00
	 
	 Eating until full
	 	 	 	 	 	 
	 Yes
	515
	54 (10.5)
	1.29 (0.83–1.99)
	0.259
	1.25 (0.80–1.95)
	0.321

	 No
	455
	38 (8.4)
	1.00
	 	1.00
	 
	Girls

	 Eating quickly
	 	 	 	 	 	 
	 Yes
	126
	16 (12.7)
	2.02 (1.12–3.64)
	0.020
	2.09 (1.15–3.81)
	0.016

	 No
	832
	56 (6.7)
	1.00
	 	1.00
	 
	Eating until full
	 	 	 	 	 	 
	 Yes
	517
	40 (7.7)
	1.07 (0.66–1.74)
	0.779
	1.12 (0.68–1.82)
	0.662

	 No
	441
	32 (7.3)
	1.00
	 	1.00
	 

OR, odds ratio, CI, confidence interval
Adjusted for age, exercise, skipping breakfast, and snack after dinner



The crude and adjusted ORs for WHtR ≥ 0.5 were shown by eating habit patterns based on eating quickly and eating until full; “not eating quickly and not eating until full”, “eating quickly and not eating until full”, “not eating quickly and eating until full”, and “eating quickly and eating until full” (Table 4). In boys, “eating quickly and eating until full”significantly increased the OR (OR: 2.67, 95 % CI: 1.50–4.73) when compared with “not eating quickly and not eating until full”. In girls, “eating quickly and eating until full” showed a significantly increased OR for WHtR ≥ 0.5 (2.59, 1.17–5.73). There were statistically significant differences among eating habit patterns in BMI (median: 17.9 kg/m2 in the “not eating quickly and not eating until full” boys, 18.2 kg/m2 in the “eating quickly and not eating until full” boys, 17.3 kg/m2 in the “not eating quickly and eating until full” boys, and 19.5 kg/m2 in the “eating quickly and eating until full” boys) and in WC (62.8 cm, 64.6 cm, 62.0 cm, and 66.4 cm, respectively). In girls, statistically significant differences among eating habit patterns were found in BMI (median: 18.1 kg/m2 in the “not eating quickly and not eating until full” group, 19.0 kg/m2 in the “eating quickly and not eating until full” group, 18.1 kg/m2 in the “not eating quickly and eating until full” group, and 19.3 kg/m2 in the “eating quickly and eating until full” group) and in WC (63.9 cm, 66.7 cm, 63.6 cm, and 65.5 cm, respectively).Table 4Crude and adjusted odds ratios of eating habit patterns based on eating quickly and eating until full for waist-to-height ratio (WHtR) ≥ 0.5


	Variables
	Total
	WHtR ≥ 0.5
	Crude
	Adjusted

	N
	n (%)
	OR (95% CI)
	P-value
	OR (95% CI)
	P-value

	Boys

	 Not eating quickly and
	339
	29 (8.6)
	1.00
	 	1.00
	 
	 not eating until full
	 	 	 	 	 	 
	 Eating quickly and
	116
	9 (7.8)
	0.90 (0.41–1.96)
	0.789
	0.88 (0.40–1.94)
	0.747

	 not eating until full
	 	 	 	 	 	 
	 Not eating quickly and
	376
	26 (6.9)
	0.79 (0.46–1.38)
	0.412
	0.76 (0.44–1.33)
	0.335

	 eating until full
	 	 	 	 	 	 
	 Eating quickly and
	139
	28 (20.1)
	2.70 (1.54–4.74)
	<0.001
	2.67 (1.50–4.73)
	<0.001

	 eating until full
	 	 	 	 	 	 
	Girls

	 Not eating quickly and
	385
	26 (6.8)
	1.00
	 	1.00
	 
	 not eating until full
	 	 	 	 	 	 
	 Eating quickly and
	56
	6 (10.7)
	1.66 (0.65–4.22)
	0.290
	1.60 (0.62–4.14)
	0.330

	 not eating until full
	 	 	 	 	 	 
	 Not eating quickly and
	447
	30 (6.7)
	0.99 (0.58–1.71)
	0.981
	1.02 (0.59–1.76)
	0.952

	 eating until full
	 	 	 	 	 	 
	 Eating quickly and
	70
	10 (14.3)
	2.30 (1.06–5.02)
	0.036
	2.59 (1.17–5.73)
	0.019

	 eating until full
	 	 	 	 	 	 

OR, odds ratio, CI, confidence interval
Adjusted for age, exercise, skipping breakfast, and snack after dinner




Discussion
The present study investigated the relationship between eating quickly and WHtR among adolescents in Japan. Results showed that eating quickly was associated with WHtR ≥ 0.5 and “eating quickly and eating until full” had a substantial impact on WHtR ≥ 0.5 for each sex. To the best of our knowledge, this is the first study about the association between eating quickly and WHtR among adolescents in Japan.
In this study, eating quickly significantly increased the OR for WHtR ≥ 0.5 in each sex. A recent study showed that eating rapidly was associated with larger WC [28]. In addition, self-reported faster eating was shown to be positively associated with visceral fat accumulation [29]. Furthermore, some studies among adults have reported that eating fast was associated with metabolic syndrome [30, 31]. These study results support that the result of this study was reasonable.
When compared to the “not eating quickly and not eating until full” group, “eating quickly and eating until full” significantly increased the OR for WHtR ≥ 0.5, whereas no significantly increased ORs were observed in the “eating quickly and not eating until full” group in the present study. The reason could be due to the difference of the total energy intake between in the “eating quickly and eating until full” group and in the “eating quickly and not eating until full” group. Recent studies reported that eating rate affects energy intake [32], and energy intake per day increased significantly with the increase in the rate of eating [33]. In addition, Maruyama et al. showed that total energy intake in the “eating quickly and eating until full” group was higher than that in the “eating quickly and not eating until full” group [10]. Because information regarding total energy intake was not obtained in the present study, further study will be needed to verify our study results.
In our study, eating quickly was significantly associated with WHtR ≥ 0.5 and the significantly increased OR for WHtR ≥ 0.5 was observed only in the “eating quickly and eating until full” group among eating habit patterns regardless of sex. These results suggest that “eating quickly and eating until full” had a substantial impact on WHtR ≥ 0.5. A recent study showed that reducing eating rate may be an effective intervention to decrease energy intake [32]. In addition, Andrade et al. reported that eating slowly may help to maximize satiation and reduce energy intake within meals [34]. Moreover, it was recently shown that modification of eating rate could be an efficient, cost effective adjunct for promoting healthy eating and decreasing energy intake [35]. Therefore, modifying fast eating to slower pace could be effective for the decrease of energy intake, which contributes to the prevention of the central obesity among adolescents.
The strength of the present study is that the participation rate was over 95 %, which suggests that the effect of sampling bias on the present study results was small. Furthermore, the outcome of this study (WHtR) was defined by the measurements of height and WC among over 2000 adolescents; WC is not usually measured in annual health examinations at junior high schools in Japan. However, this study has some limitations. First, the results of this study might be affected by some potential confounders such as total energy intake, daily eating frequency, eating out, type of food, family educational level, parental WHtR, and parental smoking [9, 16, 26, 28, 30, 36]. Because these items were not obtained in our study, the influence of residual confounding on the present study results cannot be excluded. Second, the information about eating quickly and eating until full was self-reported. However, a recent study reported that self-reported eating rate aligned with laboratory measured eating rate [35]. Moreover, Otsuka et al. showed a statistically positive association between self-reported rate of eating and energy intake [33]. In addition, a previous study reported that total energy intake in participants who reported eating until full was higher than that in those who did not report eating until full [10]. These study results support that our study results were reasonable. Third, participants in our study were from one town in Japan, which might limit the ability to generalize our findings to other populations. Finally, our study design is cross-sectional. Thus, the possibility of reverse causality cannot be ruled out.

Conclusions
The present study showed that eating quickly was associated with WHtR ≥ 0.5 among adolescents. Moreover, eating quickly and eating until full had a substantial impact on WHtR ≥ 0.5. This study suggests that modifying fast eating to a slower pace may help prevent central obesity among adolescents.

Acknowledgements
We would like to thank the study participants, their parents and guardians, the members of the Board of Education in Ina, Saitama Prefecture, and the Ina Conference for Promotion and Implementation of the Childhood Lifestyle-related Disease Prevention Examination (Chairmen: Dr. Michio Sato and Dr. Yoshihito Toriyama). This study was supported in part by a grant from the Ministry of Education, Culture, Sports, Science and Technology [Nos. 14207020, 17209024, and 25350854].

[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Lakshman R, Elks CE, Ong KK. Childhood obesity. Circulation. 2012;126:1770–9.CrossRefPubMedPubMedCentral

2.
Krebs NF, Jacobson MS. American academy of pediatrics committee on N. Prevention of pediatric overweight and obesity. Pediatrics. 2003;112:424–30.CrossRefPubMed

3.
Story M, Sallis JF, Orleans CT. Adolescent obesity: towards evidence-based policy and environmental solutions. J Adolesc Health. 2009;45:S1–5.CrossRefPubMed

4.
Zhu S, Wang Z, Heshka S, Heo M, Faith MS, Heymsfield SB. Waist circumference and obesity-associated risk factors among whites in the third National Health and Nutrition Examination Survey: clinical action thresholds. Am J Clin Nutr. 2002;76:743–9.PubMed

5.
Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass index explains obesity-related health risk. Am J Clin Nutr. 2004;79:379–84.PubMed

6.
Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-height ratio as a screening tool for the prediction of cardiovascular disease and diabetes: 0.5 could be a suitable global boundary value. Nutr Res Rev. 2010;23:247–69.CrossRefPubMed

7.
Bigaard J, Frederiksen K, Tjonneland A, Thomsen BL, Overvad K, Heitmann BL, et al. Waist circumference and body composition in relation to all-cause mortality in middle-aged men and women. Int J Obes. 2005;29:778–84.CrossRef

8.
Du T, Sun X, Yin P, Huo R, Ni C, Yu X. Increasing trends in central obesity among Chinese adults with normal body mass index, 1993–2009. BMC Public Health. 2013;13:327.CrossRefPubMedPubMedCentral

9.
Murakami K, Miyake Y, Sasaki S, Tanaka K, Arakawa M. Self-reported rate of eating and risk of overweight in Japanese children: Ryukyus Child Health Study. J Nutr Sci Vitaminol. 2012;58:247–52.CrossRefPubMed

10.
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;337:a2002.CrossRefPubMedPubMedCentral

11.
He Q, Ding ZY, Fong DY, Karlberg J. Risk factors of obesity in preschool children in China: a population-based case--control study. Int J Obes Relat Metab Disord. 2000;24:1528–36.CrossRefPubMed

12.
Hsieh SD, Muto T, Murase T, Tsuji H, Arase Y. Eating until feeling full and rapid eating both increase metabolic risk factors in Japanese men and women. Public Health Nutr. 2011;14:1266–9.CrossRefPubMed

13.
Sun Y, Sekine M, Kagamimori S. Lifestyle and overweight among Japanese adolescents: the Toyama birth cohort study. J Epidemiol. 2009;19:303–10.CrossRefPubMedPubMedCentral

14.
Yamane M, Ekuni D, Mizutani S, Kataoka K, Sakumoto-Kataoka M, Kawabata Y, et al. Relationships between eating quickly and weight gain in Japanese university students: a longitudinal study. Obesity. 2014;22:2262–6.CrossRefPubMed

15.
Ohkuma T, Hirakawa Y, Nakamura U, Kiyohara Y, Kitazono T, Ninomiya T. Association between eating rate and obesity: a systematic review and meta-analysis. Int J Obes (Lond). 2015;39:1589–96.CrossRef

16.
Mesas AE, Munoz-Pareja M, Lopez-Garcia E, Rodriguez-Artalejo F. Selected eating behaviours and excess body weight: a systematic review. Obes Rev. 2012;13:106–35.CrossRefPubMed

17.
Leong SL, Gray A, Horwath CC. Speed of eating and 3-year BMI change: a nationwide prospective study of mid-age women. Public Health Nutr. 2016;19:463–9.

18.
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;25:332–6.CrossRefPubMed

19.
McCarthy HD, Ashwell M. A study of central fatness using waist-to-height ratios in UK children and adolescents over two decades supports the simple message--‘keep your waist circumference to less than half your height’. Int J Obes (Lond). 2006;30:988–92.CrossRef

20.
Mokha JS, Srinivasan SR, Dasmahapatra P, Fernandez C, Chen W, Xu J, et al. Utility of waist-to-height ratio in assessing the status of central obesity and related cardiometabolic risk profile among normal weight and overweight/obese children: the Bogalusa Heart Study. BMC Pediatr. 2010;10:73.CrossRefPubMedPubMedCentral

21.
Ochiai H, Shirasawa T, Nishimura R, Morimoto A, Shimada N, Ohtsu T, et al. Relationship of body mass index to percent body fat and waist circumference among schoolchildren in Japan--the influence of gender and obesity: a population-based cross-sectional study. BMC Public Health. 2010;10:493.CrossRefPubMedPubMedCentral

22.
Shirasawa T, Ochiai H, Ohtsu T, Nishimura R, Morimoto A, Hoshino H, et al. LDL-cholesterol and body mass index among Japanese schoolchildren: a population-based cross-sectional study. Lipids Health Dis. 2013;12:77.CrossRefPubMedPubMedCentral

23.
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;57:179–83.CrossRefPubMed

24.
Tomofuji T, Furuta M, Ekuni D, Irie K, Azuma T, Iwasaki Y, et al. Relationships between eating habits and periodontal condition in university students. J Periodontol. 2011;82:1642–9.CrossRefPubMed

25.
Ekuni D, Furuta M, Tomofuji T, Irie K, Azuma T, Iwasaki Y, et al. Effects of eating behaviors on being overweight in japanese university students: a cross-sectional survey at the Okayama University. Asia Pac J Public Health. 2013;25:326–34.CrossRefPubMed

26.
Kesztyus D, Wirt T, Kobel S, Schreiber A, Kettner S, Dreyhaupt J, et al. Is central obesity associated with poorer health and health-related quality of life in primary school children? Cross-sectional results from the Baden-Wurttemberg Study. BMC Public Health. 2013;13:260.CrossRefPubMedPubMedCentral

27.
Okuma H, Okada T, Abe Y, Saito E, Iwata F, Hara M, et al. Abdominal adiposity is associated with high-density lipoprotein subclasses in Japanese schoolchildren. Clin Chim Acta. 2013;425:80–4.CrossRefPubMed

28.
Gomez-Martinez S, Martinez-Gomez D, Perez de Heredia F, Romeo J, Cuenca-Garcia M, Martin-Matillas M, et al. Eating habits and total and abdominal fat in Spanish adolescents: influence of physical activity. The AVENA study. J Adolesc Health. 2012;50:403–9.CrossRefPubMed

29.
Mochizuki K, Yamada M, Miyauchi R, Misaki Y, Kasezawa N, Tohyama K, et al. Self-reported faster eating is positively associated with accumulation of visceral fat in middle-aged apparently healthy Japanese men. Eur J Nutr. 2014;53:1187–94.CrossRefPubMed

30.
Inoue M, Nakao M, Nomura K, Takeuchi T, Tsurugano S, Shinozaki Y, et al. Lack of leisure-time physical activity in non-obese Japanese men with components of metabolic syndrome. Tohoku J Exp Med. 2011;223:269–76.CrossRefPubMed

31.
Shin A, Lim SY, Sung J, Shin HR, Kim J. Dietary intake, eating habits, and metabolic syndrome in Korean men. J Am Diet Assoc. 2009;109:633–40.CrossRefPubMed

32.
Robinson E, Almiron-Roig E, Rutters F, de Graaf C, Forde CG, Tudur Smith C, et al. A systematic review and meta-analysis examining the effect of eating rate on energy intake and hunger. Am J Clin Nutr. 2014;100:123–51.CrossRefPubMed

33.
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;16:117–24.CrossRefPubMed

34.
Andrade AM, Greene GW, Melanson KJ. Eating slowly led to decreases in energy intake within meals in healthy women. J Am Diet Assoc. 2008;108:1186–91.CrossRefPubMed

35.
Petty AJ, Melanson KJ, Greene GW. Self-reported eating rate aligns with laboratory measured eating rate but not with free-living meals. Appetite. 2013;63:36–41.CrossRefPubMed

36.
Holmback I, Ericson U, Gullberg B, Wirfalt E. A high eating frequency is associated with an overall healthy lifestyle in middle-aged men and women and reduced likelihood of general and central obesity in men. Br J Nutr. 2010;104:1065–73.CrossRefPubMed



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
HO and TS planned this study. HN, RN, and MM contributed to improve the study in a meaningful way. HO drafted this manuscript. TS and RN performed the data collection. HH supported the draft of this manuscript and the data collection. TS supervised the data collection. HO and HN contributed to the statistical analysis. AK made substantial contributions to the conception of the present study and the revision of the manuscript. All authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





