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Abstract

Objective: Obesity has been linked to cardiovascular disease, diabetes, and osteoarthritis.

Obesity and overweight pose a serious threat to human health, with an estimated 190 million

overweight and obese people worldwide. Thus, we investigated the influence of certain eating

habits on weight among Chinese college students.

Methods: We conducted a cross-sectional survey of 536 college students in Shijiazhuang, China.

The survey included questions about eating habits. We analyzed the relationship between par-

ticipants’ responses and obesity.

Results: Sex, residence, speed of eating, number of meals eaten per day, and a diet high in sugar

were found to be correlated with obesity. Our results suggest that increasing the number of

meals per day, slowing down the pace of eating, and reducing the intake of high-sugar foods have

potential benefits for reducing obesity among college students.

Conclusions: In the present study, we found that some dietary habits are related to the occur-

rence of obesity among college-aged individuals.
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Introduction

Obesity is a common metabolic disease that
involves the pathological state of excessive

accumulation of adipose tissue, which can
be damaging to human health. In the past

few decades, the number of obese individu-
als has increased worldwide and obesity

has become an epidemic.1 There are more
than 190 million overweight and obese

people globally. Compared with 1980, the
number of obese individuals has doubled.2

There are 9 million adolescents in the
United States with obesity. This has led to

a substantially increased prevalence of car-
diovascular and cerebrovascular diseases,

type 2 diabetes, and osteoarthritis in ado-
lescents, seriously affecting their physical

and mental health.3,4 Factors involved in
adolescent obesity cannot be ignored, such

as the contribution of genes and metabolic
diseases.5 However, changes in social cul-

ture represent another important factor.
Social and economic development have

resulted in a large number of fast food sour-
ces becoming easily available to teenagers,

resulting in excessive energy intake.6 In
addition, increased social activities among

younger people have led to declining con-
sumption and the associated benefits of a

healthy family diet.7 Among sociocultural
lifestyle changes, unhealthy eating patterns

are a main reasons for the increase in obe-
sity worldwide.8 It has been proven that less

frequent consumption of fruits and vegeta-
bles and excessive intake of drinks high in

sugar content as well as fast foods directly
affect body mass index (BMI).9 However,

the role of multiple dietary preferences
related to the incidence of obesity among

college students, an important group of
young people, has not previously been
studied.

We administered a questionnaire to col-
lege students in China. We queried their
dietary habits and preferences via the
survey, and then explored the relationship
between students’ responses and their BMI.
We aimed to identify eating habits related
to weight and to then use this information
to improve unhealthy eating habits and
some obesity risk factors common among
college students. This study provides new
insights that may be helpful in exploring
the relationship between dietary habits
and obesity in our target age group. Our
results may provide a scientific basis for
interventions related to eating habits that
can help to reduce and prevent obesity
among college students.

Methods

Participants

Our cross-sectional study was conducted at
Hebei Medical University in Shijiazhuang,
the capital of Hebei Province in China.
From August to September 2017, we
recruited students at Hebei Medical
University. The inclusion criteria for partic-
ipants were Chinese college students
between the ages of 18 and 25 years.
Exclusion criteria included chronic diseases
such as diabetes and endocrine diseases
(e.g., Cushing syndrome or vacuolar sella)
and long-term use of oral medication affect-
ing body weight (e.g., estrogen or glucocor-
ticoids). All participants gave their informed
consent for inclusion before participating in
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the study, and they provided physical exam-

ination reports from within the previous

1 year. This study was conducted in accor-

dance with the Declaration of Helsinki,

and the study protocol was approved by

the Ethics Committee of Hebei Medical

University. Participants were provided with

a fact sheet and instructed to follow the

survey guidelines. A total of 551 question-

naires were collected, with a participation

rate of 91.8% (551/600). After consulting

the physical examination reports of partici-

pants, questionnaires completed by non-

Chinese college students and individuals

with chronic diseases were excluded. The

remaining questionnaires were considered

valid and were included in the study.

Anthropometric measurement

BMI is useful for estimating body fat and is

calculated by dividing an individual’s

weight (kg) by their height in meters

squared (m2). Height and weight were

measured during physical examinations.

Height was measured using a portable

rangefinder to the nearest 1 cm and weight

was measured with a calibrated scale to the

nearest 0.1 kg. According to World Health

Organization definitions, individuals are

classified as underweight with BMI

<18.5 kg/m2, normal weight with BMI

between 18.5 and 24.9 kg/m2, and over-

weight with BMI �25 kg/m2.

Self-administered questionnaire

We collected participant information using

a self-administered questionnaire. Survey

questions included general information:

class, name, student number, dormitory

number, region of residence, and sex;

eating habits: speed at which meals are

eaten (slow, normal, slightly fast, fast),

number of times participants eat per day

(twice, three times, four times, more than

four times), dining at regular times (yes,

no), eating breakfast (yes, no), excessive
food consumption resulting in abdominal

distension or discomfort (yes, no), eating
snacks at night (never, once or twice a
week, three to six times a week, every

day), consuming high-fat foods (never,
once or twice a week, three to six times a

week, every day), consuming fruits and veg-
etables (never, a small amount, a normal
amount), eating dessert (never, once or

twice a week, three to six times a week,
every day), drinking sugar-sweetened bever-

ages (never, one or two servings a week,
three to six servings a week, every day),
exercising regularly (never, less than 1 hour

per week, 1–2 hours per week, daily), and
consuming alcohol (never, less than one
drink per week, one or two drinks per

week, more than three drinks per week).

Statistical analysis

All data were entered into a spreadsheet by
the researcher and examined for validity. All
statistical analyses were performed using

IBM SPSS version 23.0 (IBM, Beijing,
China). Measurement data are expressed
as mean� standard deviation. Pearson’s

chi-squared test was used to investigate the
relationship between participants’ general

characteristics, dietary habits, and BMI.
The alpha value was set to 0.05 for all tests.

Results

Participant characteristics

Among a total 536 participants included in
this study, 257 male (22.07� 3.42, 47.9%)

and 279 female (21.10� 2.73, 52.1%).
Participants were age 17 to 22 years, with

254 (21.98� 3.46, 47.4%) from urban areas
and 282 (21.19� 2.71, 52.6%) from rural
areas. In terms of college grade, 67 were

freshmen (22.41� 3.38, 12.5%), 202 were
sophomores (21.25� 2.74, 37.7%), 177
were juniors (21.65� 3.21, 33.0%), and 90
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were seniors (21.46� 3.41, 16.8%). Sixty-
seven (17.61� 0.76, 12.5%) participants
were underweight, 396 (21.14� 1.69,
73.9%) were normal weight, and 73 (27.48
� 2.19, 13.6%) were overweight. Value in
parentheses are the mean BMI� standard
deviation and rates are the proportion in
each group. Participants from urban areas
had a higher BMI (p¼ 0.019) than those
from rural areas.

Relationship between BMI, pace of eating,
meal frequency, and consumption of
sugary foods

We analyzed the relationship between BMI
and participants’ eating habits and found
that sex, residence, eating speed, daily meal
frequency, habits of consuming sweets, and
the number of sugar-sweetened beverages
consumed per week were related to BMI.
The mean levels for sex (Figure 1a), residence
(Figure 1b), eating speed (Figure 1c), daily
meal frequency (Figure 1d), high-sugar diet
(Figure 1e), and drinking sugary beverages
(Figure 1f) are depicted according to differ-
ent BMI categories. Our results indicated
that the number of meals eaten per day was
negatively correlated with BMI (P¼ 0.018).
Consuming a high-sugar diet was positively
correlated with BMI (P¼ 0.023) but the
effect on BMI was relatively small. Eating
speed showed a significant positive correla-
tion with BMI (P< 0.001).

Discussion

In the present study, we conducted a ques-
tionnaire survey to assess the weight status
of college students in China. Based on the
results, we explored the influence of certain
eating habits on the likelihood of being
overweight. Shan provided a preliminary
description, and we conducted a further
analysis of that research.10 We revealed
several main findings. First, we found that
participants’ sex and region of residence

affected BMI. Second, the number of
meals eaten per day was negatively correlat-
ed with BMI. Third, the frequency of eating
foods high in sugar content, and especially
the speed at which meals are consumed,
were positively correlated with BMI.

Sex increases the risk of obesity. Sex hor-
mones, specifically regulated by related
genes on the X chromosome, have an
important role in maintaining energy bal-
ance.11 Participants from urban areas had
a higher BMI than those from rural areas.
Regarding the obvious regional differences
in BMI, individuals from urban areas are
more inclined to smoke and drink alcohol
than those from rural regions. In addition,
rural residents are more likely to attain
levels of physical activity recommended by
the World Health Organization than urban
residents. Moreover, the intake of sweet or
sugary drinks among urban residents is
higher than that among residents from
rural areas.12 Thus, individuals from
urban areas tend to have greater energy
intakes than rural residents, which may
lead to the regional differences in BMI iden-
tified in our study.

The normal feasting–hunger cycle is the
primary way that human physiological and
metabolic balance is maintained. Satiety
and appetite are affected by meal frequen-
cy, suggesting that appropriate meal fre-
quency may help in reducing obesity.13

As an individual eats increasingly more,
the thermal effect of the consumed food is
considerable, resulting in a continuous
increase in the body’s metabolic rate.14

These results of past studies are consistent
with those of our investigation. Meal fre-
quency can also affect gut microbes.
Intestinal microorganisms indirectly affect
leptin secretion by influencing circadian
rhythms, which take part in the develop-
ment of obesity.15,16 Irregular eating fre-
quency also leads to differences in leptin
and ghrelin secretion, reducing energy
metabolism and increasing caloric intake.17
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Eating sweets and desserts has a role

in obesity through affecting hormones.

Excessive consumption of sweet foods can

substantially increase insulin resistance.18

On the one hand, the binding between insu-

lin and its receptors on dopamine neurons is

reduced, and the feeding regulation func-

tion of dopamine is weakened.19 On the

Figure 1 (a) Male and female students, according to body mass index (BMI). (b) Urban and rural residents,
according to maximum weight. (c) BMI, according to eating speed. (d) BMI, according to meal frequency.
(e) Weekly consumption of sweets among participants, according to BMI. (f) Weekly consumption of sugar-
sweetened beverages among participants, according to BMI.
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other hand, overconsumption of sweets
may lead to disorders of motivational
behavior and reward-related mechanisms
in individuals who are obese.20 In addition,
dopamine activity and receptor expression
are inhibited, affecting normal dietary reg-
ulation.21 Fructose is an indispensable form
of sugar that can stimulate the nervous and
hedonic responses of the brain and induce
leptin resistance.22 However, our study
findings showed the effect of consuming
excessive sweets on obesity to be limited,
which may be related to weak roles of insu-
lin resistance and intestinal microorganisms
in obesity.

Meal consumption speed was positively
correlated with obesity, which may be
linked to a number of factors. First, eating
slowly means longer chewing time, which
increases satiety and reduces excess energy
intake.23 Second, eating slowly may reduce
intestinal digestive enzyme activity and as a
result, may reduce food digestion and
absorption. In addition, with extended
mealtimes, the brain centers will continu-
ously respond to visual information, con-
siderably enhancing the food intake
memory function and reducing the subse-
quent intake of food.24 Recent research
also suggests that obesity and endocrine
hormones are closely related. Feeding
behavior is often accompanied by olfactory
and other physiological signals, which
increase food intake by stimulating the
dopaminergic circuit.25 The initial stage of
the gastrointestinal reflex enables dopamine
neurons to regulate eating behavior via the
neurohumoral reflex. Spending a long time
eating can lead to loss of control of this
regulation mechanism, which destroys the
normal feeding pattern.26 Insulin secretion
in plasma is pulsed to coincide with food
intake. Slowing down the rate of eating is
beneficial to insulin secretion. In addition to
lowering blood sugar levels, insulin can pass
through the blood–brain barrier and bind
to insulin receptors on dopamine neurons,

increasing the release of dopamine from
these neurons.19

We also found that eating at a normal
speed and at a slightly faster speed were
more frequent in the normal-weight group.
Eating at a normal speed and slightly fast
may lead to a difference in the degree of
intervention by endocrine hormones related
to eating, such as insulin and dopamine.
Eating at a normal speed is conducive to
maintenance of energy homeostasis by
endocrine hormones and eating at a slightly
faster speed is obviously conducive to pos-
itively increasing BMI. Surprisingly, we
found that a smaller proportion of individ-
uals with normal weight ate slowly than
those who ate at a normal speed. There
are several possible reasons for this finding.
First, eating at a slow speed may be related
to dissatisfaction with the taste of the
food consumed at mealtimes, resulting in
increased snacking between meals.27

Second, eating at a normal speed may be
the set-point for the release of obesity-
related endocrine hormones. Slow and fast
eating speeds may interfere with the release
of endocrine hormones and affect an indi-
vidual’s weight.

Strengths and limitations of this study

After analyzing the relevant literature in
relation to our study findings, we can con-
clude that meal speed,23 eating frequency,28

consuming a high-sugar diet,29 and an indi-
vidual’s sex30 are all related to obesity.
However, our study has some limitations.
First, causality cannot be determined
using a cross-sectional study design; for
this, prospective and interventional studies
are needed. Second, individuals possess a
wide variety of eating habits, and we
could not include them all in the present
investigation. Finally, our research partici-
pants were students at Hebei Medical
University in Shijiazhuang between the
ages of 17 and 22 years; therefore, our
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study population does not represent the
general population across all age groups
in China. Moreover, we examined the rela-

tionship between the speed and frequency
of eating meals on obesity, but we did not
investigate the roles of energy intake per

meal or total daily energy intake.31

Finally, the methods used to collect behav-
ioral data may introduce the risk of bias.

Conclusions

In this study, we explored the relationship

between certain eating habits and the risk of
obesity among Chinese college students.
Our results suggested that eating meals

more frequently, slowing down the speed
of eating, and reducing the intake of
sweets and desserts may have potential ben-

efits for reducing obesity among college stu-
dents. Our findings provide some useful
information for interventions to prevent

the development of obesity and reduce the
incidence of obesity-related diseases, which
will have positive effects for individuals and

their families. Our findings provide a scien-
tific basis for reducing overweight and obe-
sity among college students, as well as new

ideas for studying the relationship between
dietary habits and obesity in other age
groups.
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