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Eating fast is positively associated 
with general and abdominal obesity 
among Chinese children: A national 
survey
Xia Zeng1, Li Cai1, Jun Ma2, Yinghua Ma2, Jin Jing1 & Yajun Chen1

Eating faster is related to more energy intake, but less is known about the relationships between 
children’s eating speed, food intake and adiposity, especially in high school children. This study aimed 
to investigate the associations of eating speed with general and abdominal obesity among Chinese 
children basing on a national survey. A total of 50,037 children aged 7–17 years were enrolled from 
7 provinces in China in 2013. Anthropometric indices were objectively measured. Data on eating 
speed were collected by questionnaires. Increasing trends across the slow, medium, and fast eating 
speed group were observed in the prevalence of general obesity (7.2%, 10.0% and 15.9%), abdominal 
obesity (16.1%, 21.8%, and 29.4%) and waist-to-height ratio (WHtR) ≥ 0.5 (11.1%, 14.8%, and 22.0%). 
Compared with medium eating speed, fast eating speed was positively associated with obesity, 
abdominal obesity, and WHtR ≥ 0.5 (odds ratios [ORs]: 1.51~1.61), while slow eating speed was 
negatively associated with these outcomes (ORs: 0.65~0.75). Increased trends of consumption of fruits, 
meat/meat conducts, sugar-sweetened beverages, fried food, and fast food were observed in pace with 
increasing eating speed (P < 0.05). Our findings suggest that eating speed is positively associated with 
childhood general and abdominal obesity, which may be an important, modifiable factor to prevent 
childhood obesity.

Childhood obesity is increasingly common during the past several decades, leading to high disease burden1. In 
2015, a total of 107.7 million children were obese worldwide1. China, a developing country with a population of 
over 1.3 billion, had experienced the rapid increase in prevalence of childhood overweight and obesity2,3, and 
had the highest number of obese children1. Therefore, addressing the epidemic of childhood obesity is of great 
significance, especially in China.

Behavioral and nutritional strategy plays a critical role in the prevention of obesity. Eating slowly, a cru-
cial concept in behavioral nutrition, was recommended for weight management as it was confirmed to con-
trol satiety4. Such simple lifestyle change that may influence the individual risk for obesity is significant for 
cost-benefit prevention strategies. Recently, a systematic review included 23 studies and concluded that eating 
quickly was positively associated with excess body weight in adult populations5. The eating speed was evaluated 
using self-reporting in most of these studies (22/23) and using eating monitor in only one study; and the mean 
body mass index (BMI) or general obesity were used as outcome. Some other studies also suggested correla-
tion between eating speed and childhood obesity6–10. Prospective study with a small sample also indicated that 
unhealthy eating behaviors (e.g. faster eating, overeating) will promote positive energy balance and then result in 
weight gain over a long time11,12.

However, gaps remain in the existing literature. First, previous studies mainly focused on a specific age group 
of children with small sample size, which precluded the opportunity to examine the age difference. Second, few 
studies with large sample sizes have been conducted to clarify the association between eating speed and abdom-
inal obesity among children. BMI is perhaps the most commonly used measure for defining obesity in clinical 
practice, but it does not distinguish lean mass from fat mass13. Waist circumference (WC) and waist-height-ratio 
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(WHtR), as proxy for abdominal fat mass, was also independent of BMI associated with the risk of mortality 
in adults, suggesting that abdominal obesity may be more strongly related to adverse metabolic outcomes14–16. 
Therefore, a practical and effective approach for the prevention of abdominal obesity is essential. Third, research 
has showed a positive relationship between eating speed and energy intake in pre-school children10,17, but whether 
energy or food intake vary by eating speed in older children has not been investigated.

Accordingly, using a population-based national study of children aged 7–17 years, the present study was to 
examine the relationship between eating speed and general and abdominal obesity. Moreover, we also examined 
the variation of food intake among different eating speed groups.

Results
Characteristics of participants. As presented in Table 1 of the 50,037 children, the mean (SD) age was 11.28 
(3.07) years, and 51.1% were boys. The mean age and the proportion of boys increased significantly as the speed of 
eating increased. Regarding anthropometric characteristics, height, weight and WC increased significantly across 
the eating speed groups (slow, medium, and fast), and this trend was also observed in BMI and WHtR.

Associations of eating speed with general, abdominal obesity, and WHtR ≥ 0.5 by sex and age.  
As shown in Table 2, the prevalence of obesity, abdominal obesity and WHtR ≥ 0.5 among the participating 
children were 10.7%, 21.9% and 15.3%, respectively. The proportion of general obesity and WHtR ≥ 0.5 in boys 
(13.4%, 19.1%, respectively) was much bigger than in girls (7.7%, 11.3%, respectively), whereas prevalence of 
abdominal obesity in girls (22.5%) was bigger than in boys (21.3%). Increased trends were observed in the pro-
portion of general and abdominal obesity, and WHtR ≥ 0.5 across different eating speed groups (slow, medium, 
and fast) in both boys and girls.

Variables All

Eating speed

PSlow Medium Fast

n 50037 11671 25613 12753

Boys, % 51.1 46.0 48.5 60.9 <0.001

Age, (years)* 11.28 ± 3.07 10.85 ± 3.11 11.27 ± 2.98 11.68 ± 3.17 <0.001

Paternal educational level, % <0.001

  Primary school or below 7.5 7.2 7.2 8.2

  Junior high school 37.0 35.5 37.3 37.8

  High school 27.7 28.3 27.2 28.0

  Junior college or above 27.9 29.0 28.2 26.1

Maternal educational level, % 0.001

  Primary school or below 10.3 10.2 10.0 10.8

  Junior high school 38.2 36.8 38.5 38.8

  High school 26.1 26.7 25.8 26.2

  Junior college or above 25.4 26.3 25.6 24.2

Family monthly income, % 0.026

≤2000, RMB 7.7 7.9 7.7 7.5

  2001~5000, RMB 24.9 25.5 24.5 25.2

  5001~7999, RMB 18.5 18.3 18.7 18.4

≥8000, RMB 19.8 19.9 19.4 20.6

  No answer 29.0 28.3 29.7 28.2

Family history of obesity, % 22.2 22.9 21.0 24.3 <0.001

Physical activity, (min, mean ± SE) <0.001

  Light 46.26 ± 0.31 44.32 ± 0.66 45.91 ± 0.42 48.71 ± 0.64

  Medium 28.31 ± 0.21 25.23 ± 0.41 28.65 ± 0.28 30.39 ± 0.45

  Vigorous 31.72 ± 0.22 27.85 ± 0.44 31.93 ± 0.31 34.66 ± 0.47

Height, (cm)* 148.18 ± 15.89 144.69 ± 15.89 148.38 ± 15.43 150.99 ± 16.19 <0.001

Weight, (kg)* 42.68 ± 15.24 38.67 ± 13.83 42.46 ± 14.60 46.80 ± 16.64 <0.001

BMI, (kg/m2)* 18.83 ± 3.79 17.88 ± 3.44 18.73 ± 3.64 19.90 ± 4.11 <0.001

WC, (cm)* 65.86 ± 10.66 63.05 ± 9.84 65.70 ± 10.27 68.77 ± 11.40 <0.001

WHtR* 0.44 ± 0.05 0.436 ± 0.05 0.443 ± 0.05 0.460 ± 0.06 <0.001

Table 1. Socio-demographic characteristics of participants by eating speed. *Values are shown as 
mean ± standard deviation. Differences of age across eating speed was tested by using T-test, whereas 
differences of physical activity time, height, weight, body mass index (BMI), waist circumference (WC) and 
waist height ratio (WHtR) across different eating speed groups were tested by using analysis of covariance. For 
categorical variables, differences of gender, parental and maternal educational, family history of obesity and 
family monthly income between eating speed groups were evaluated by using Pearson Chi-Square test.
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Using multivariate logistic regression model, we analyzed the adjusted association between eating speed and 
obesity (Table 3). Eating fast (versus medium) showed positive association with obesity (adjusted odds ratio 
[OR]: 1.61, 95% confidential interval [CI]: 1.48–1.75), abdominal obesity (adjusted OR: 1.51, 95%CI: 1.41–1.61), 
and WHtR ≥ 0.5 (adjusted OR: 1.54, 95%CI: 1.43–1.65), whereas eating slow (versus medium) showed negative 
association with obesity (adjusted OR: 0.68, 95%CI: 0.61–0.75), abdominal obesity (adjusted OR: 0.70, 95%CI: 
0.65–0.75) and WHtR ≥ 0.5 (adjusted OR: 0.71, 95%CI: 0.65–0.78). Similar associations of eating speed with 
general and abdominal obesity were observed in both sexes. The odds of eating fast for WHtR ≥ 0.5 was slightly 
higher in girls (OR: 1.62, 95%CI: 1.44–1.83) than that in boys (OR: 1.49, 95%CI: 1.39–1.63). In the age subgroup 
analyses, the significant associations of eating speed with obesity indices were also found in each age group, 
except that eating slow was not significantly associated with general obesity or WHtR ≥ 0.5 in the age group of 
10–12 years. Similar results were found when we further adjustment for food intake (Supplementary Table S1).

Variables All

Eating speed

P for trendSlow Medium Fast

General obesity, %

  All 10.7 7.2 10.0 15.9 <0.001

  Boys 13.4 9.5 12.4 18.7 0.009

  Girls 7.7 5.4 7.8 11.5 0.004

Abdominal obesity, %

  All 21.9 16.1 21.8 29.4 <0.001

  Boys 21.3 15.0 20.7 28.4 <0.001

  Girls 22.5 17.1 22.8 31.1 <0.001

WHtR ≥ 0.5, %

  All 15.3 11.1 14.8 22.0 <0.001

  Boys 19.1 14.0 18.6 25.3 <0.001

  Girls 11.3 8.5 11.2 17.0 <0.001

Table 2. The prevalence of obesity and abdominal obesity according to eating speed by gender. All values are 
presented as percentage. *Differences of obesity, abdominal obesity and WHtR ≥ 0.5 between eating speed 
groups stratified by gender were evaluated by using Chi-Square tests for trend.

Variables

Odd Ratio (95%CI)

Obesity Abdominal obesity WHtR ≥ 0.5

Overall

slow 0.68 (0.61,0.75)** 0.70 (0.65,0.75)** 0.71 (0.65,0.78)**
medium 1.00 1.00 1.00

fast 1.61 (1.48,1.75)** 1.51 (1.41,1.61)** 1.54 (1.43,1.65)**
Subgroups

Slow

Boys 0.68 (0.59,0.78)** 0.69 (0.61,0.77)** 0.69 (0.61,0.77)**
Girls 0.65 (0.55,0.77)** 0.71 (0.64,0.78)** 0.75 (0.65,0.85)**
Fast

Boys 1.64 (1.48,1.82)** 1.50 (1.37,1.64)** 1.49 (1.36,1.63)**
Girls 1.58 (1.37,1.81)** 1.52 (1.38,1.67)** 1.62 (1.44,1.83)**
Slow

7~9 years 0.64 (0.55,0.74)** 0.66 (0.58,0.74)** 0.67 (0.59,0.77)**
10~12 years 0.84 (0.69,1.02) 0.83 (0.72,0.96)* 0.89 (0.76,1.05)

13~15 years 0.66 (0.50,0.86)* 0.65 (0.55,0.78)** 0.64 (0.51,0.79)**
16~17 years 0.33 (0.18,0.60)** 0.66 (0.51,0.85)** 0.57 (0.40,0.81)*
Fast

7~9 years 1.70 (1.50,1.93)** 1.53 (1.37,1.70)** 1.57 (1.39,1.76)**
10~12 years 1.51 (1.29,1.77)** 1.42 (1.26,1.61)** 1.41 (1.23,1.61)**
13~15 years 1.61 (1.33,1.94)** 1.54 (1.35,1.76)** 1.61 (1.38,1.89)**
16~17 years 1.60 (1.19,2.14)* 1.62 (1.34,1.95)** 1.66 (1.32,2.08)**

Table 3. Associations of eating speed with obesity and abdominal obesity by gender and age. Values are 
presented as OR and 95%CI. **P < 0.001, *P < 0.05. Multivariate logistic regression model was applied with 
adjustment for gender, age, area, physical activity, family history of obesity, paternal and maternal educational 
level and family monthly income (all variables stratified by sex were not adjusted for gender).
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The dietary intake stratified by eating speed. Overall, children in the fast eating speed group tended 
to consume more fruit, meat/meat products and SSBs, as well as have a higher frequency of consuming fried food 
and fast food compared with those in the slow eating speed group (Table 4). In the contrary, the frequency of milk 
consumption was significantly less in the group of fast eating speed than that in the medium or slow eating speed 
group (P < 0.05). Similar findings were also observed in both sexes, especially in boys. In the total population, 
there was no significant difference of the vegetable or energy-dense snacks intake among different eating speed 
groups. However, results from subgroup analysis show that boys in the fast eating group were more likely to con-
sume vegetable and fast food.

Discussion
Using a national representative sample, we clearly demonstrated positive associations of fast eating speed with 
general and abdominal obesity among children in both sexes and difference age groups. To the best of our knowl-
edge, this is the first study to investigate these relationships in a child population including high school children. 
In addition, we found that fast eating speed was associated with a greater consumption of food except milk.

Previous studies have shown significant associations of fast eating speed with general obesity in children10,18,19, 
which was further supported by our study after adjustment for confounders. It was reported that WC and WHtR 
performed better than other anthropometric indices for the association with obesity-related health risk factors 
in children20–22. However, few studies described the relationships between eating speed and abdominal obesity, 
especially among children. In view of our results, fast eating speed was positively, and slow eating speed was neg-
atively, associated with childhood abdominal obesity, even after further adjustment for food consumption and 
other variables. These findings are potentially of great public health significance. Randomized controlled trial has 
demonstrated modification of eating speed could be an efficient, cost effective adjunct for promoting weight man-
agement in obese23 and healthy adolescents24. A prospective study also confirmed that stopping eating quickly 
prevents excess weight gain in non-overweight/obese girls25 which could be helpful in fighting the global obesity 
epidemic. Nevertheless, there has been raised a problem that more than half of the target for slowing down of 
eating speed was unmet26. Therefore, instead of solely depending on individual willpower, strategies from differ-
ent levels are needed to slow eating pace. For example, increasing the time available for school meals might be a 
practical and simple way to reduce excess food intake in school-aged children27.

Consistent with previous findings, we found that boys tend to have higher prevalence of general obesity and 
WHtR ≥ 0.5 in comparison with girls. This may be partly explained by the fact that boys were more likely to be eat 

Variables

Eating speed

PSlow Medium Fast

Overall

Fruit (servings/day) 1.23 ± 1.06 1.31 ± 1.07 1.34 ± 1.20 0.015

Vegetable (servings/day) 1.75 ± 1.42 1.85 ± 1.45 1.85 ± 1.46 0.925

Meat products (servings/day) 1.14 ± 1.17 1.14 ± 1.18 1.29 ± 1.33 <0.001

SSBs (cups/day) 0.39 ± 0.72 0.39 ± 0.73 0.50 ± 0.77 <0.001

Milk (days/week) 4.46 ± 2.61 4.54 ± 2.58 4.31 ± 2.70 <0.001

Energy-dense snacks (days/week) 2.10 ± 1.99 1.98 ± 1.92 2.00 ± 2.01 0.353

Fried food (days/week) 1.25 ± 1.59 1.20 ± 1.54 1.32 ± 1.70 <0.001

Fast food (days/month) 1.20 ± 2.22 1.18 ± 2.23 1.29 ± 2.50 <0.001

Boys

Fruit (servings/day) 1.21 ± 1.10 1.29 ± 1.11 1.33 ± 1.23 <0.001

Vegetable (servings/day) 1.76 ± 1.47 1.86 ± 1.48 1.89 ± 1.50 <0.001

Meat products (servings/day) 1.27 ± 1.28 1.27 ± 1.29 1.43 ± 1.43 <0.001

SSBs (cups/day) 0.45 ± 0.82 0.48 ± 0.84 0.59 ± 0.89 <0.001

Milk (days/week) 4.49 ± 2.67 4.53 ± 2.63 4.37 ± 2.72 <0.001

Energy-dense snacks (days/week) 1.96 ± 1.95 1.91 ± 1.90 1.92 ± 2.00 0.033

Fried food (days/week) 1.23 ± 1.62 1.25 ± 1.59 1.34 ± 1.74 0.005

Fast food (days/month) 1.22 ± 2.36 1.20 ± 2.35 1.34 ± 2.66 0.003

Girls

Fruit (servings/day) 1.25 ± 1.02 1.33 ± 1.04 1.34 ± 1.16 <0.001

Vegetable (servings/day) 1.75 ± 1.38 1.85 ± 1.41 1.80 ± 1.46 <0.001

Meat products (servings/day) 1.03 ± 1.06 1.02 ± 1.05 1.07 ± 1.12 0.032

SSBs (cups/day) 0.35 ± 0.61 0.31 ± 0.59 0.36 ± 0.68 <0.001

Milk (days/week) 4.44 ± 2.56 4.56 ± 2.54 4.21 ± 2.66 <0.001

Energy-dense snacks (days/week) 2.22 ± 2.03 2.05 ± 1.93 2.12 ± 2.02 <0.001

Fried food (days/week) 1.26 ± 1.56 1.16 ± 1.49 1.27 ± 1.63 <0.001

Fast food (days/month) 1.18 ± 2.08 1.16 ± 2.12 1.21 ± 2.56 0.393

Table 4. The food frequency stratified by eating speed and gender. *All P values were adjusted for age and area. 
Overall P values were also adjusted for gender.
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faster than girls, as over 60% of faster eaters were boys in our study9. In addition, the association between eating 
speed and obesity indices in boys was similar in that in girls.

In the age subgroup analyses, we found that fast eating speed was positively linked with obesity indices, 
regardless of children’s age. One study reported that the strength of the above association was lower in children 
aged 12–15 years than in those aged 6–11 years25. However, these associations were relatively constant across the 
entire distribution of age in our study. Study, conducting among pre-school children aged from 3.1 to 6.7 years 
old, had also reported that eating speed was associated with overweight status10. These results have suggested that 
eating behaviors tend to be established early in life and effective strategies to slow down eating speed should be 
implemented from an early age.

The mechanisms underlying the relationships between fast eating speed and obesity are biological plausible. 
First, increasing amounts of food, prompted by fast eating speed, may increase total energy intake. Previous stud-
ies have showed that eating quickly led to higher energy intake but lower satiety4,28. The reason might be that a 
fast eating speed may interfere with the reflex signal that tells the body to stop eating when the stomach is full29. 
A very few studies have also demonstrated that children who ate fast had higher energy intake in a population 
level6,10,19. However, these studies only included pre-school children and have not assessed whether the associ-
ation of eating speed and food intake is varied by food group. In the present study, we have shown that the con-
sumption frequency of fruits, meat/meat conducts, SSBs, fried and fast food was significantly higher in children 
who ate faster, indicating more food and energy intake in this group. Interestingly, the frequency of milk con-
sumption was the least in the group of fast eating speed, which may also increase the risk for obesity. Systematic 
reviews of clinical trials have summarized that increasing the intake of dairy foods under energy-restricted con-
dition contribute to the reduction of individuals’ body weight and body fat30,31.

Second, eating slowly may benefit individuals by enhancing the thermic effect of food (TEF). It was concluded 
that eating slowly (eaten slowly >40 min V.S. eaten quickly >10 min) was associated with increased TEF, elevated 
serum adiponectin and suppressed endotoxin and nonesterified fatty acids in obese women32. A similar positive 
relationship between meal duration and post postprandial energy expenditure was also observed in healthy, nor-
mal weight individuals33. Third, eating speed may influence gastrointestinal satiety hormones. An intervention 
study undertaken in 27 obese adolescents have examined that eating more slowly has a significant impact on the 
gastrointestinal hormone (ghrelin, peptide tyrosine-tyrosine, pancreatic polypeptide, glucagon-like peptide-I, 
oxyntomodulin, and cholecystokinin), which control appetite and influence food consumption, suggesting that 
externally modifiable eating behaviors actually regulate the hormonal response to food34.

Several shortcomings should be acknowledged in our study. First, data on behavior factors, including eating 
speed, were collected using questionnaire, which may lead to report bias. The rate of eating is sometimes objec-
tively evaluated by time spent eating a meal or using an eating monitor35,36, yet these methods are not necessarily 
representative of daily life, making subjective assessment by questionnaire much more widely used, especially in 
epidemiological settings7,19,37. In our study, the method of measuring eating speed, to some extent, might help 
avoid the impact of some confounding factors (e.g. age, gender, and geography). Furthermore, the cross-sectional 
nature of the study cannot determine the causality of the observed association. Moreover, the cluster sampling 
method applied in the recruitment of the participants might result in selection bias. Finally, we cannot deny the 
possibility that other potential confounding factors may mediate in the observed associations of eating speed 
with obesity.

Conclusions
To summarize, we have shown that fast eating speed was positively associated with general and abdominal obe-
sity among both girls and boys aged 7–17 years. Children who eat fast also had higher food intake except milk 
consumption. In the future, efforts are needed to better understand the influencing factors of eating fast and to 
develop approaches for slowing down the eating speed in populations.

Methods
Study design and participants. This was the baseline survey of a nationwide school-based intervention 
program targeted childhood obesity prevention in China (Registration number: NCT02343588)38. The survey 
was conducted between September and November 2013. This study complied with Declaration of Helsinki and 
was approved by the Ethical Committee of the Peking University. All participant students and their parents signed 
informed consents voluntarily.

Multistage random cluster sampling method was adopted in the recruitment of children and their parents. 
Firstly, all the seven geographic areas in China were chosen (i.e. central China, east China, south China, west 
China, northwest China, north China, and northeast China). One province/region was selected from each area 
as follows: Hunan, Shanghai, Guangdong, Chongqing, Ningxia, Tianjin, and Liaoning. Secondly, 12–16 primary 
and secondary schools (including junior high school and high school) were selected by probability proportional 
to size sampling method in each province/region (primary school: secondary school = 1:1). Thirdly, all students 
in grades 1 to 5, grade 7, grade 8, grade 10 and grade 11 were invited to participate. Other students were not 
selected because of their heavy study load. A total of 65,347 children and their parents were invited, 62,517 agreed 
to participate in the study. Children who had missing data on BMI (n = 5303), WC (n = 5632) or eating speed 
(n = 7177) were excluded, and the response rates of questionnaires were 100% (94/94) for schools and 87.4% 
(54,627/62,517) for students. Finally, 50,037 participants were included in the analyses.

Questionnaire survey. The student and parent questionnaires were developed based on previously tested 
and validated questionnaires. To make sure that every question was explained similarly to all participants, 
the questionnaires were distributed to the whole class during school time by investigators who were trained 
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postgraduates. The survey procedure in every class was supervised and assisted by head teachers. The question-
naires were completed by children together with their parents. School doctors uniformly collected all question-
naires from each class. Some investigators conducted quality check, and missing items were required to be filled 
out again and resubmitted.

Student questionnaire. Children were asked about age, sex, eating speed, dietary behaviors and physical 
activities. Eating speed was assessed by asking children: Compared with your classmates with the same sex and 
age, how fast is your eating speed? The response options included slow, medium, or fast. Dietary intakes were 
obtained by using eight items. Children were asked to recall the frequency (days) and servings of fruits, vegeta-
bles, meat/meat products, and sugar-sweetened beverages (SSBs) during the past seven days. The average daily 
intakes of these food were calculated. Children also recalled the frequency of milk, energy-dense snacks, and fried 
food during the past seven days, as well as frequency of fast food intake during the last month. Vigorous-intensity 
physical activities, moderate-intensity physical activities, and walking were reported as days and duration in each 
of those days during the past week. The mean daily time spent in these activities were calculated.

Parent questionnaire. A parent of each participant was asked about family history of obesity, paternal and 
maternal educational level (chosen from “primary school or below”, “junior high school”, “high school”, and “jun-
ior college or above”), and family monthly income (chosen from “<2000 RMB”, “2001~5000 RMB”, “5001~7999 
RMB”, “≥8000 RMB”, and “refused to answer”).

Anthropometric measurements. All anthropometric measurements were collected by the experienced 
technicians. Height (cm) was measured using Portable stadiometer to nearest 0.1 cm without shoes. Weight (kg) 
was measured using Lever type weight scale to nearest 0.1 kg with light cloths. WC was measured 1 cm above 
umbilicus to the nearest 0.1 cm in a standing position by a non-stretchable nylon tape. BMI was calculated by 
dividing body weight (kg) by the square of height (m2). Underweight, normal weight, overweight, and obesity 
(Obesity: BMI ≥ 95th percentile) were defined according to the age- and sex-specific BMI cut-offs for Chinese 
children39. The sex- and age-specific WC percentile was applied to determine abdominal obesity (≥90th)40. 
WHtR was calculated as WC(cm)/height(cm), and WHtR ≥ 0.5 was considered high WHtR22.

Statistical analysis. Continuous and categorical variables were presented as mean and standard deviation 
(SD), and percentage, respectively. For continuous variables, difference of age, physical activities time, height, 
weight, BMI, WC and WHtR across eating speed categories were tested by using analysis of covariance. For 
categorical variables, differences of sex, parental and maternal educational level, family history of obesity, and 
family monthly income across eating speed groups were evaluated by using Pearson Chi-Square test. Differences 
of the prevalence of obesity, abdominal obesity and WHtR ≥ 0.5 among eating speed groups stratified by sex were 
evaluated by using Chi-Square tests for trend. Multivariate logistic regression models were used to examine the 
associations of eating speed with general obesity, abdominal obesity, and WHtR ≥ 0.5, with the medium eating 
speed group as reference. Covariates selected a priori included sex, age, area, physical activity, family history of 
obesity, paternal and maternal educational level, and family monthly income. The dietary intake was calculated by 
eating speed, and age-, sex- and area-adjusted difference across different eating speed group was tested by using 
analysis of covariance. All statistical analysis was performed using IBM SPSS software version 21.0. A two-tailed 
P < 0.05 was considered statistically significant in all analysis.

Ethical approval and informed consent. 

 1. The project was approved by the Ethical Committee of Peking University.
 2. Informed consent forms were obtained from all participating students and their parents.

References
 1.  The GBD 2015 Obesity Collaborators. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N Engl J Med. 377, 

13–27 (2017).
 2. Ji, C. Y. & Chen, T. J. Empirical Changes in the Prevalence of Overweight and Obesity Among Chinese Students From 1985 to 2010 

and Corresponding Preventive Strategies. Biomed Environ Sci. 26, 1–12 (2013).
 3. Cheng, T. O. China’s Epidemic of Child Obesity. Int J Cardiol. 172, 1–7 (2014).
 4. Andrade, A. M., Greene, G. W. & Melanson, K. J. Eating Slowly Led to Decreases in Energy Intake within Meals in Healthy Women. 

Journal of the American Dietetic Association. 108, 1186–1191 (2008).
 5. Ohkuma, T. et al. Association Between Eating Rate and Obesity: A Systematic Review and Meta-Analysis. Int J Obes (Lond). 39, 

1589–1596 (2015).
 6. Fogel, A. et al. Faster Eating Rates are Associated with Higher Energy Intakes During an Ad Libitum Meal, Higher BMI and Greater 

Adiposity Among 4·5-Year-Old Children: Results From the Growing Up in Singapore Towards Healthy Outcomes (GUSTO) 
Cohort. Brit J Nutr. 117, 1042–1051 (2017).

 7. Ochiai, H. et al. Eating Quickly is Associated with Waist-To-Height Ratio Among Japanese Adolescents: A Cross-Sectional Survey. 
Archives of Public Health. 74, 18–24 (2016).

 8. Webber, L., Hill, C., Saxton, J., Van Jaarsveld, C. H. M. & Wardle, J. Eating Behaviour and Weight in Children. Int J Obesity. 33, 21–28 
(2009).

 9. Ochiai, H. et al. Eating Behaviors and Overweight among Adolescents: A Population-Based Survey in Japan. Journal of Obesity. 
2013, 1–7 (2013).

 10. Lin, M. et al. Association of Eating Speed and Energy Intake of Main Meals with Overweight in Chinese Pre-School Children. Public 
Health Nutr. 17, 2029–2036 (2014).

 11. Dubois, L., Farmer, A., Girard, M., Peterson, K. & Tatone-Tokuda, F. Problem Eating Behaviors Related to Social Factors and Body 
Weight in Preschool Children: A Longitudinal Study. Int J Behav Nutr Phys Act. 4, 9–18 (2007).



www.nature.com/scientificreports/

7SCIentIfIC REpoRTS |  (2018) 8:14362  | DOI:10.1038/s41598-018-32498-9

 12. Tanihara, S. et al. Retrospective Longitudinal Study On the Relationship Between 8-Year Weight Change and Current Eating Speed. 
Appetite. 57, 179–183 (2011).

 13. Grossman, D. C. et al. Screening for Obesity in Children and Adolescents. Jama. 317, 2417–2426 (2017).
 14. Cai, L., Liu, A., Zhang, Y. & Wang, P. Waist-To-Height Ratio and Cardiovascular Risk Factors Among Chinese Adults in Beijing. Plos 

One. 8, e69298 (2013).
 15. Pischon, T., Boeing, H. & Hoffmann, K. General and Abdominal Adiposity and Risk of Death in Europe. J Vasc Surg. 49, 811–812 

(2009).
 16. Fox, C. S. et al. Abdominal Visceral and Subcutaneous Adipose Tissue Compartments: Association with Metabolic Risk Factors in 

the Framingham Heart Study. Circulation. 116, 39–48 (2007).
 17. Eloranta, A. M. et al. Dietary Factors Associated with Overweight and Body Adiposity in Finnish Children Aged 6-8 Years: The 

PANIC Study. Int J Obes (Lond). 36, 950–955 (2012).
 18. Zhang, T. et al. The Prevalence of Obesity and Influence of Early Life and Behavioral Factors On Obesity in Chinese Children in 

Guangzhou. Bmc Public Health. 16, 954–966 (2016).
 19. Okubo, H., Miyake, Y., Sasaki, S., Tanaka, K. & Hirota, Y. Rate of Eating in Early Life is Positively Associated with Current and Later 

Body Mass Index Among Young Japanese Children: The Osaka Maternal and Child Health Study. Nutr Res. 37, 20–28 (2017).
 20. Browning, L. M., Hsieh, S. D. & 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. 23, 247–269 (2010).
 21. Ma, L. et al. Waist Circumference is Better than Other Anthropometric Indices for Predicting Cardiovascular Disease Risk Factors 

in Chinese Children–A Cross-Sectional Study in Guangzhou. J Atheroscler Thromb. 23, 320–329 (2016).
 22. Janssen, I., Katzmarzyk, P. T. & Ross, R. Waist circumference and not body mass index explains obesity- related health risk1–3. Am J 

Clin Nutr. 79, 379–384 (2004).
 23. Ford, A. L. et al. Treatment of Childhood Obesity by Retraining Eating Behaviour: Randomised Controlled Trial. Bmj. 340, b5388 

(2009).
 24. Salazar Vázquez, B. Y. et al. Control of Overweight and Obesity in Childhood through Education in Meal Time Habits. The ‘Good 

Manners for a Healthy Future’ Programme. Pediatr Obes. 11, 484–490 (2016).
 25. Ochiai, H. et al. The impact of eating quickly on anthropometric variables among schoolgirls: a prospective cohort study in Japan. 

Eur J Public Health. 24, 691–695 (2014).
 26. Hamilton-Shield, J. et al. Changing Eating Behaviours to Treat Childhood Obesity in the Community Using Mandolean: The 

Community Mandolean Randomised Controlled Trial (ComMando) – a Pilot Study. Health Technol Asses. 18, 1–75 (2014).
 27. Zandian, M. et al. Children Eat their School Lunch Too Quickly: An Exploratory Study of the Effect On Food Intake. Bmc Public 

Health. 12, 351–358 (2012).
 28. Shah, M. et al. Slower Eating Speed Lowers Energy Intake in Normal-Weight but Not Overweight/Obese Subjects. J Acad Nutr Diet. 

114, 393–402 (2014).
 29. Strader, A. D. & Woods, S. C. Gastrointestinal Hormones and Food Intake. Gastroenterology. 128, 175–191 (2005).
 30. Chen, M., Pan, A., Malik, V. S. & Hu, F. B. Effects of Dairy Intake On Body Weight and Fat: A Meta-Analysis of Randomized 

Controlled Trials. The American Journal of Clinical Nutrition. 96, 735–747 (2012).
 31. Abargouei, A. S., Janghorbani, M., Salehi-Marzijarani, M. & Esmaillzadeh, A. Effect of Dairy Consumption On Weight and Body 

Composition in Adults: A Systematic Review and Meta-Analysis of Randomized Controlled Clinical Trials. Int J Obes (Lond). 36, 
1485–1493 (2012).

 32. Reddy, N. L. et al. Enhanced Thermic Effect of Food, Postprandial NEFA Suppression and Raised Adiponectin in Obese Women 
Who Eat Slowly. Clin Endocrinol. 82, 831–837 (2015).

 33. Hamada, Y., Kashima, H. & Hayashi, N. The number of chews and meal duration affect diet-induced thermogenesis and splanchnic 
circulation. Obesity. 22, E62–E69 (2014).

 34. Galhardo, J. et al. Normalizing Eating Behavior Reduces Body Weight and Improves Gastrointestinal Hormonal Secretion in Obese 
Adolescents. The Journal of Clinical Endocrinology & Metabolism. 97, E193–E201 (2012).

 35. Kral, J. G., Buckley, M. C., Kissileff, H. R. & Schaffner, F. Metabolic Correlates of Eating Behavior in Severe Obesity. Int J Obes Relat 
Metab Disord. 25, 258–264 (2001).

 36. Laessle, R. G., Lehrke, S. & Dückers, S. Laboratory Eating Behavior in Obesity. Appetite. 49, 399–404 (2007).
 37. Mochizuki, 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. 53, 1187–1194 (2014).
 38. Chen, Y. et al. A National School-Based Health Lifestyles Interventions Among Chinese Children and Adolescents Against Obesity: 

Rationale, Design and Methodology of a Randomized Controlled Trial in China. Bmc Public Health. 15, 210–219 (2015).
 39.  Group of China Obesity Task Force. Body mass index reference norm for screening overweight and obesity in Chinese children and 

adolescents. Zhonghua Liu Xing Bing Xue Za Zhi. 25 97–102 (2004) (article in Chinese).
 40. Ma, G. S. et al. Waist circumference reference values for screening cardiovascular risk factors in Chinese children and adolescents 

aged 7–18 years. Zhonghua Liu Xing Bing Xue Za Zhi. 31 609–615 (2010) (article in Chinese).

Acknowledgements
This work was supported by the Research Special Fund for Public Welfare of *Health from the Ministry of 
Health, the People’s Republic of China (Grant No. 201202010) and National Natural Science Foundation of China 
(Grant No. 41030127). The authors also want to thank the students for their participation in the survey and the 
postgraduates for conducting the questionnaire survey and inputting the data.

Author Contributions
Jin Jing, Yajun Chen, Jun Ma and Yinghua Ma designed the experiments. Xia Zeng carried out the experiments. 
Xia Zeng performed the statistical analysis and drafted the manuscript. Li Cai guided the statistical analysis and 
critically revised the manuscript. Yajun Chen provided suggestions in the statistical analysis and approved the 
final manuscript. Jin Jing and Jun Ma supervised the analysis and revised the manuscript. All authors read and 
approved the final manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-32498-9.
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

http://dx.doi.org/10.1038/s41598-018-32498-9


www.nature.com/scientificreports/

8SCIentIfIC REpoRTS |  (2018) 8:14362  | DOI:10.1038/s41598-018-32498-9

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://creativecommons.org/licenses/by/4.0/

	Eating fast is positively associated with general and abdominal obesity among Chinese children: A national survey
	Results
	Characteristics of participants. 
	Associations of eating speed with general, abdominal obesity, and WHtR ≥ 0.5 by sex and age. 
	The dietary intake stratified by eating speed. 

	Discussion
	Conclusions
	Methods
	Study design and participants. 
	Questionnaire survey. 
	Student questionnaire. 
	Parent questionnaire. 
	Anthropometric measurements. 
	Statistical analysis. 
	Ethical approval and informed consent. 

	Acknowledgements
	Table 1 Socio-demographic characteristics of participants by eating speed.
	Table 2 The prevalence of obesity and abdominal obesity according to eating speed by gender.
	Table 3 Associations of eating speed with obesity and abdominal obesity by gender and age.
	Table 4 The food frequency stratified by eating speed and gender.




