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Systematic estimation of BMI

A novel insight into predicting overweight/obesity in undergraduates
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Abstract N
The prevalence of overweight—obesity has increased sharply among undergraduates worldwide. In 2016, approximately 52% of \
adults were overweight—obese. This cross-sectional study aimed to investigate the prevalence of overweight—obesity and explore in
depth the connection between eating habits and overweight-obesity among Chinese undergraduates.

The study population included 536 undergraduates recruited in Shijiazhuang, China, in 2017. They were administered
questionnaires for assessing demographic and daily lifestyle characteristics, including sex, region, eating speed, number of meals per
day, and sweetmeat habit. Anthropometric status was assessed by calculating the body mass index (BMI). The determinants of
overweight—obesity were investigated by the Pearson x° test, Spearman rho test, multivariable linear regression, univariate/
multivariate logistic regression, and receiver operating characteristic curve analysis.

The prevalence of undergraduate overweight-obesity was 13.6%. Sex [male vs female, odds ratio (OR): 1.903; 95% confidence
interval (95% Cl): 1.147-3.156], region (urban vs rural, OR: 1.953; 95% Cl: 1.178-3.240), number of meals per day (3 vs 2, OR:
0.290; 95% ClI: 0.137-0.612), and sweetmeat habit (every day vs never, OR: 4.167; 95% Cl: 1.090-15.933) were significantly
associated with overweight—obesity. Eating very fast was positively associated with overweight—obesity and showed the highest OR
(vs very slow/slow, OR: 5.486; 95% Cl: 1.622—-18.553). However, the results of multivariate logistic regression analysis indicated that
only higher eating speed is a significant independent risk factor for overweight/obesity (OR: 17.392; 95% ClI, 1.614-187.363;
P=.019).

SCOremeng=1.402 X 8COr€gex + 1.269 X SCOr€egion + 19.004 X SCOr€eatinspeed + 2.546 X SCOr€number of meals per day + 1.626 X
SCOregweetmeat habit aNd BMI=0.253 x Scorenmeng + 18.592. These 2 formulas can help estimate the weight status of undergraduates
and predict whether they will be overweight or obese.

Abbreviations: BM| = body mass index, Cl = confidence interval, NAFLD = nonalcoholic fatty liver disease, OR = odds ratio, ROC
= receiver operating characteristic.

Keywords: eating habits, obesity, overweight, risk factors, undergraduate

1. Introduction (lipid) storage in the body."! The worldwide prevalence of

overweight and obesity has increased sharply over the past
Overweight and obesity are pervasive diseases caused by a variety  decades,?! and their prevalence among college students has also
of factors—such as genetic, environmental, behavioral, social,  been increasing. According to a World Health Organization
economic, and cultural factors—that can cause excess energy  report in 2016, around 52% of adults aged 18 years and above
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are overweight—obese. At present, overweight and obesity have
become a severe global public health issue, affecting the
improvement of population quality.”! Overweight and obesity
affect not only the health, quality of life, stature, and somatic
function of college students but also their respiratory, cardiovas-
cular, endocrine, and immune systems.*"® They also restrict the
development of intelligence and psychological characteristics in
this population. College students with overweight and obesity are
especially prone to various problems such as psychobehavioral
deviation and psychological trauma. Juonala et al'”! followed-up
with 6328 people with overweight and obesity for 23 years and
confirmed that overweight and obesity are early risk factors of
future chronic diseases (including coronary heart disease,
cerebrovascular disease, type 2 diabetes, and hypertension).
Therefore, studies on the risk factors and preventive measures for
overweight and obesity in college students have received
increasing attention in the field of public health.

Poor eating habits are one of the significant causes of
overweight and obesity.!®! Recent studies have shown that eating
speed plays a role in obesity®!®! and diabetes!""'%; it is,
therefore, recommended to chew well and eat slowly. Gradual
elevation of blood glucose level is recommended in order to avoid
overworking the pancreas by continued and rapid insulin
secretion.!'*! Studies have also demonstrated that there are
several risk factors that can induce overweight and obesity, such
as increased intake of high-fat and high-energy food, excessive
drinking of carbonated beverages, decreased intake of vegetable
fiber, eating snacks, and skipping breakfast.’®! Although the
effects of various lifestyle changes on overweight and obesity
have been investigated and confirmed in children and working
people, they are not well described in the distinctive group of
college students. In addition, in considering the abovementioned
lifestyle habits as a whole, there are questions about what type of
poor behavior is a greater risk factor for overweight and obesity
and whether these risk factors are independent of each other.
However, these questions have not been simultaneously
investigated to date.

In view of the close relationship between the prevalence of
overweight—obesity and eating habits, this study aimed to further
explore the connection between eating habits and overweight—
obesity in Chinese college students, analyze in depth and determine
which unhealthy eating behavior is the most critical for overweight—
obesity, and verify whether this factor is an independent risk factor
for overweight—obesity. We analyzed cross-sectional survey data
and created a novel score (Scoremens) for predicting overweight-
obesity in college students in order to curb the prevalence of
overweight and obesity and minimize their impact on human
health. Our findings provide a scientific basis for managing and
preventing overweight and obesity in college students.

2. Materials and methods

2.1. Study population

The participants in our study were 536 undergraduates
(including freshmen, sophomores, juniors, and seniors) from
Hebei Medical University in Shijiazhuang, China. All students
were included in school roll. The present survey was implemented
in the form of a strict medical checkup in 2017. The study was
approved by the ethics committee of Hebei Medical University,
and the study purpose was explained to the participants, who
then gave informed consent for participation.
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2.2. Anthropometric measurement

For assessing anthropometric status, body mass index (BMI) was
calculated from body weight in kilograms divided by the square
of height in meters. Subjects with BMI <18.5 kg/m? were defined
as underweight and those with a BMI of 18.5 to 24.9 kg/m? were
defined as having normal weight. In addition, BMI >25 kg/m>
was defined as overweight or obese on the basis of general
international criteria.

2.3. Questionnaire survey

This survey included a self-administered questionnaire, in which
the participants responded by selecting one of four answers
—“very slow/slow”, “ordinary”, “fast”, or “very fast”—to the
question “What is your eating speed compared with that of your
family and friends who have meals with you?” This question was
derived by referring to previous studies.['>!¢! The validity of the
question is certified given the high level of concordance between
friend-reported and self-reported rates of eating. The survey also
inquired about the lifestyle factors of the participants, such as
grade (freshman, sophomore, junior, or senior), region (urban or
rural), frequency of daily meals (twice, three times, four times, or
more than four times), breakfast habit (yes or no), on-time meals
(ves or no), high-fat diet consumption per week (never, 1-2 days,
3-6 days, or every day), and sweetmeat consumption per week
(never, 1-2 days, 3-6 days, or every day).

2.4. Statistical analysis

The results are expressed as mean+standard error of the
mean. The 2-sample ¢ test was used for comparing the mean
values of 2 groups and in instances where statistical
significance was determined by analysis of variance. The
post-hoc 2-tailed Newman-Keuls test was used for comparing
3 or more groups. Associations between BMI and demo-
graphic/behavioral characteristics were analyzed by using the
Pearson Chi-squared test.

For correlation analysis, the Spearman rho test was used for
comparing demographic and behavioral variables. All test results
that reached a liberal statistical threshold of P<.2 for each
comparison were then entered into a multivariable linear
regression model for identifying independently predictive factors
of BMI. The risk factors were entered into the same model. Then,
the BMI values were converted into natural logarithmic
equivalent values for statistical analysis. Variance inflation
factors were calculated to quantify the severity of multi-
collinearity in the multivariate linear regression model. Residual
distribution was determined by means of a histogram and the
Shapiro-Wilk test; the results demonstrated that the residuals
had a well-modeled normal distribution. BMI was compared by
the Wilcoxon signed-rank test. Univariate and multivariate
logistic regression analyses were performed to calculate the odds
ratios (ORs) of each variable for overweight and obese subjects in
accordance with its criteria. To certify the independent influence
of eating speed on overweight or obesity, the “a x b” interaction
—including “eating speed x sex,” “eating speed X region,”
“eating speed x number of meals per day,” and “eating speed
x sweetmeat habit”—was applied in the multivariate logistic
regression analysis. Finally, linear regression analysis was
performed to explore the linear correlation between Scoremeng
(see below) and BMI. Receiver operating characteristic (ROC)
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curve analysis was performed to determine the ability of
Scoremeng to predict overweight—obesity.

All statistical analyses were performed by using SPSS software
(version 21.0; IBM Corp, Beijing, China). P values <.05 were
considered statistically significant.

2.5. Establishment of Scoremeng (and Scorep,,s) for
predicting overweight-obesity

Factors identified as statistically significant indicators of
overweight—obesity by single-factor logistic regression analysis
were included in a multivariate logistic regression model as well
as in Scoremeng.[17] The OR value of each indicator in the
multivariate logistic regression model was used as the coefficient
and multiplied with the score of the corresponding indicator (the
score of an interaction indicator was the average of the relevant
indicator scores). The final equation for Scoreen, was derived by
adding the multiplication products of each indicator:

Scorepeng = 0.996 X scoregex +0.858 X scoreregion + 17.392 X scOrecqting speed
+2.332 x SCOTChumber of meals per day +1.045 X SCOregyeetmeat habic
+0.881 x SCOI'€eating speed 1~ SCOTCsex

SCOI'Ceating speed T SCOTCregion

+0.881 x

SCOTCeating speed + SCOT€humber of meals per day

+ 0.881 x

2
SCOTCeating speed =+ SCOI'€gyeetmeat habit

.881
+0.881 x 3

Finally, the simplified formula for predicting overweight—
obesity was determined to be:

Scorepeng = 1.402 X scoregex + 1.269 X scoreregion + 19.004 X SCOr€cqting speed
+2.546 X SCOT€qumber of meals per day T 1.626 X SCOT€gyectmeat habit

Then, we derived Scorepy, for performing comparisons with
Scoremeng. For Score, s, statistically significant index scores in the
single-factor logistic regression analysis were directly summed:

SCO?‘E[;]MS = SCOr€sex + SCOTCregion + SCOTCeating speed
+ SCOr€humber of meals per day ~+ SCOT€weetmeat habit

3. Results

3.1. Participant characteristics

Table 1 presents a summary of participant characteristics. The
overall mean participant age was 20 years (range, 17-22 years).
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Of the 536 participants enrolled in this study, 67 (12.5%) were
underweight (BMI<18.5) and 396 (73.9%) had normal BMI
(18.5< BMI<25.0); 73 participants (13.6%) had significantly
high BMI (BMI >25.0). With regard to grade, the participants
were distributed as follows: freshmen, 67 (12.5%); sophomores,
202 (37.7%); juniors, 177 (33.0%); and seniors, 90 (16.8%).

3.2. Association between BMI and demographic/
behavioral characteristics of the study participants

Table 1 summarizes the association between BMI and
demographic/behavioral characteristics of the participants as well
as the proportions of underweight, normal-weight, and overweight
participants in accordance with their demographic and behavioral
characteristics. BMI was significantly and positively associated
with sex (P=.014), region (P=.019), greater eating speed (P for
trend <.001), and number of meals per day (P=.018). Sweetmeat
habit was also associated with BMI (P=.023).

3.3. Correlation between BMI and participant
characteristics

To confirm that sex, region, eating speed, number of meals per
day, and sweetmeat habit have an impact on BMI, we further
analyzed the correlation of BMI with associated demographic
and behavioral characteristics by calculating Spearman correla-
tion coefficients. Sex (p=-0.109; P=.012), region (p=-0.113;
P=.009), eating speed (p=0.168; P <.001), number of meals per
day (p=-0.134; P=.002), and high-fat diet habit (p=0.091;
P=.034) were significantly correlated with BMI (Table 2). In the
multivariate linear regression model, with all other variables
being held at fixed values, the natural logarithmic BMI remained
associated with sex (B=-1.000; P=.001), region (B=-0.734;
P=.005), eating speed (3 =0.938; P <.001), number of meals per
day (B=-1.147; P<.001), and a high-fat diet habit (3=0.723;
P=.001). However, sweetmeat habit (P >.05) was not obviously
associated with BMI in either the Spearman correlation analysis
or multivariate linear regression model (Table 2).

3.4. Proportional hazards analysis of characteristics
related with overweight-obesity in the univariate logistic
regression model

Table 3 summarizes the univariate ORs and 95% confidence
intervals (95% Cls) for subjects grouped in accordance with

Demographic and behavioral characteristics of study participants according to BMI.

BMI, kg/m?
Characteristics BMI <18.5, n (%) 18.5 <BMI<25, n (%) BMI >25, n (%) P
Grade
Freshman 67 (12.5%) 5 (0.9%) 47 (8.8%) 15 (2.8%) 156
Sophomore 202 (37.7%) 25 (4.7%) 156 (29.1%) 21 (3.9%)
Junior 177 (33.0%) 24 (4.5%) 125 (23.3%) 28 (5.2%)
Senior 90 (16.8%) 13 (2.4%) 68 (12.7%) 9 (1.7%)
Sex
Male 257 (47.9%) 25 (4.7%) 187 (34.9%) 45 (8.4%) 014"
Female 279 (562.1%) 42 (7.8%) 209 (39.0%) 28 (5.2%)
Region
Urban 254 (47.4%) 34 (6.3%) 175 (32.6%) 45 (8.4%) 019

(continued)
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(continued).

BMI, kg/m?
Characteristics BMI <18.5, n (%) 18.5 <BMI<25, n (%) BMI >25, n (%) P
Rural 282 (52.6%) 33 (6.2%) 221 (41.2%) 28 (5.2%)
Eating speed
Very slow/slow 77 (14.4%) 8 (3.4%) 54 (10.1%) 5 (0.9%) <.001"
Ordinary 236 (44.0%) 39 (7.3%) 174 (32.5%) 23 (4.3%)
Fast 194 (36.2%) 0 (1.9%) 147 (27.4%) 37 (6.9%)
Very fast 29 (5.4%) 0 (0.0%) 21 (3.9%) 8 (1.5%)
Number of meals per day
Two 36 (6.7%) 2 (0.4%) 22 (4.1%) 12 (2.2%) 018"
Three 450 (84.0%) 59 (11.0%) 334 (62.3%) 57 (10.6%)
Four 46 (8.6%) 6 (1.1%) 36 (6.7%) 4 (0.7%)
>Four 4 (0.7%) 0 (0.0%) 4(0.7%) 0 (0.0%)
Meals on time
Yes 441 (82.3%) 54 (10.1%) 330 (61.6%) 57 (10.6%) 519
No 95 (17.7%) 13 (2.4%) 66 (12.3%) 16 (3.0%)
Breakfast habit
Yes 468 (87.3%) 57 (10.6%) 350 (65.3%) 61 (11.4%) 440
No 68 (12.7%) 10 (1.9%) 46 (8.6%) 12 (2.2%)
Oversatiety habit
Yes 192 (35.8%) 20 (3.7%) 143 (26.7%) 29 (5.4%) 464
No 344 (64.2%) 47 (8.8%) 253 (47.2%) 44 (8.2%)
Night snack habit (per week)
Never 98 (18.3%) 16 (3.0%) 65 (12.1%) 17 (3.2%) .208
1-2d 300 (56.0%) 28 (5.2%) 231 (43.1%) 41 (7.6%)
3-6d 101 (18.8%) 17 (3.2%) 3 (13.6%) 11 (2.1%)
Every day 37 (6.9%) 6 (1.1%) 27 (5.0%) 4(0.7%)
High-fat diet habit (per week)
Never 76 (14.2%) 13 (2.4%) 57 (10.6%) 6 (1.1%) .391
1-2d 365 (68.1%) 41 (7.6%) 275 (51.3%) 49 (9.1%)
3-6d 81 (15.1%) 12 (2.2%) 54 (10.1%) 15 (2.8%)
Every day 4 (2.6%) 1(0.2%) 0 (1.9%) 3(0.6%)
Attitude to vegetables
Hate 10 (1.9%) 0 (0.0%) 9 (1.7%) 1(0.2%) .640
Not care a scrap 80 (14.9%) 12 (2.2%) 59 (11.0%) 9 (1.7%)
Normal attention 446 (83.2%) 55 (10.3%) 328 (61.2%) 63 (11.8%)
Fast food habit (per week)
Never 150 (28.0%) 22 (4.1%) 112 (20.9%) 16 (3.0%) .584
1-2d 329 (61.4%) 37 (6.9%) 244 (45.5%) 48 (9.0%)
3-6 days 49 (9.1%) 7 (1.3%) 33 (6.2%) 9 (1.7%)
Every day 8 (1.5%) 1(0.2%) 7 (1.3%) 0 (0.0%)
Sweetmeats habit (per week)
Never 108 (20.1%) 17 (3.2%) 83 (15.5%) 8 (1.5%) 023"
1-2d 335 (62.5%) 43 (8.0%) 238 (44.4%) 54 (10.1%)
36d 77 (14.4%) 4(0.7%) 66 (12.3%) 7 (1.3%)
Every day 16 (3.0%) 3(0.6%) 9 (1.7%) 4 (0.7%)
Sodas habit (per week)
Never 136 (2.4%) 21 (3.9%) 103 (19.2%) 12 (2.2%) 131
1-2d 320 (59.7%) 33 (6.2%) 237 (44.2%) 50 (9.3%)
36d 70 (13.1%) 10 (1.9%) 49 (9.1%) 11 (2.1%)
Every day 0 (1.9%) 3 (0.6%) 7 (1.3%) 0 (0.0%)
Regular exercise habit (per week)
Never 70 (13.1%) 16 (3.0%) 44 (8.2%) 10 (1.9%) .084
<1h 185 (34.5%) 18 (3.4%) 147 (27.4%) 20 (3.7%)
1-2h 3 (39.7%) 26 (4.9%) 154 (28.7%) 33 (6.2%)
>2 hours 68 (12.7%) 7 (1.3%) 51 (9.5%) 10 (1.9%)
Alcohol habit (per week)
Never 389 (72.6%) 52 (9.7%) 288 (53.7%) 49 (9.1%) 427
<1 day 137 (25.6%) 15 (2.8%) 98 (18.3%) 24 (4.5%)
1-2 days 7 (1.3%) 0 (0.0%) 7 (1.3%) 0 (0.0%)
>2 days 3(0.6%) 0 (0.0%) 3(0.6%) 0 (0.0%)

Pearson Chi-squared test was used.
BMI=body mass index.
" P<.05.
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Associations between demographic-behavioral characteristics of the participants and the status of BMI.

Spearman rank correlation coefficient

F3

Multiple linear regression

Characteristics p P gt P VIF
Grade —0.041 .345 -0.144 .306 1.060
Sex -0.109 .012¢ -1.000 .001* 1.431
Region -0.113 .009* —0.734 .005* 1.074
Eating speed 0.168 <.001* 0.938 <.001* 1.099
Number of meals -0.134 .002* -1.147 <.001% 1.090
Meals on time 0.044 314 -0.144 .699 1.298
Breakfast habit 0.045 .301 0.101 813 1.320
Oversatiety habit —0.032 455 —0.487 .081 1.153
Night snack habit —0.061 159 -0.168 .326 1.187
High-fat diet habit 0.091 .034* 0.723 .001% 1.286
Attitude to vegetables 0.033 445 0.139 .641 1.086
Fast food habit 0.051 235 -0.209 332 1.211
Sweetmeats habit 0.050 248 0.231 .283 1.392
Sodas habit 0.058 178 —0.158 A73 1.408
Regular exercise habit 0.037 397 0.116 433 1.080
Alcohol habit 0.043 .321 0.149 572 1.202
- Spearman rank correlation coefficient between body mass index (BMI) and characteristics; p: Spearman correlation coefficient.
" Multiple linear regression analysis, B: parameter estimate.
*Significant variables.
The characteristics and their effect on BMI based on univariate logistic proportional regression analysis.
BMI
Characteristics OR 95% ClI P
Grade
Freshman 67 (12.5%) reference 054
Sophomore 202 (37.7%) 0.402 0.194-0.835
Junior 177 (33.0%) 0.651 0.323-1.315
Senior 90 (16.8%) 0.385 0.157-0.944
Sex ,
Female 279 (52.1%) reference 013"
Male 257 (47.9%) 1.903 1.147-3.156
Region
Rural 282 (52.6%) reference 010"
Urban 254 (47.4%) 1.953 1.178-3.240
Eating speed ,
Very slow/slow 77 (14.4%) reference 002"
Ordinary 236 (44.0%) 1.555 0.570-4.241
Fast 194 (36.2%) 3.394 1.281-8.994
Very fast 29 (5.4%) 5.486 1.622-18.553
Number of meals (per day)
Two 36 (6.7%) reference 008"
Three 450 (84.0%) 0.290 0.137-0.612
Four 46 (8.6%) 0.190 0.055-0.657
>Four 4 (0.7%) 0.000 0.999
Meals on time
Yes 441 (82.3%) reference 314
No 95 (17.7%) 1.364 0.745-2.499
Breakfast habit
Yes 468 (87.3%) reference .302
No 68 (12.7%) 1.430 0.725-2.820
Oversatiety habit
Yes 192 (35.8%) reference 454
No 344 (64.2%) 0.824 0.497-1.367
(continued)
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BMI
Characteristics OR 95% Cl P
Night snack habit (per week)
Never 98 (18.3%) reference 567
1-2d 300 (56.0%) 0.754 0.407-1.399
36d 101 (18.8%) 0.582 0.258-1.317
Every day 37 (6.9%) 0.578 0.181-1.846
High fat diet habit (per week)
Never 76 (14.2%) reference 225
1-2d 365 (68.1%) 1.809 0.746-4.389
3-6d 81 (15.1%) 2.652 0.971-7.242
Every day 4 (2.6%) 3.182 0.693-14.617
Attitude to vegetables
Hate 10 (1.9%) reference 746
Not care a scrap 80 (14.9%) 1141 0.129-10.085
Normal attention 446 (83.2%) 1.480 0.184-11.887
Fast food habit (peer week)
Never 150 (28.0%) reference 525
1-2d 329 (61.4%) 1.431 0.784-2.612
36d 49 (9.1%) 1.884 0.774-4.587
Every day 8 (1.5%) 0.000 0.000-0.000
Sweetmeats habit (per week)
Never 108 (20.1%) reference 046"
1-2d 335 (62.5%) 2.402 1.105-5.223
3-6d 77 (14.4%) 1.250 0.433-3.606
Every day 6 (3.0%) 4167 1.090-15.933
Sodas habit (per week)
Never 136 (2.4%) reference 282
1-2 days 320 (59.7%) 1.914 0.984-3.721
36 days 70 (13.1%) 1.927 0.803-4.621
Every day 10 (1.9%) 0.000 0.000-0.000
Regular exercise habit (per week)
Never 70 (13.1%) reference .582
<1h 185 (34.5%) 0.727 0.322-1.642
1-2h 21 3 (39.7%) 1.100 0.512-2.365
>2h 68 (12.7%) 1.034 0.401-2.669
Alcohol habit (per week)
Never 389 (72.6%) reference .565
<1d 137 (25.6%) 1.474 0.865-2.510
1-2d 7 (1.3%) 0.000 0.000-0.000
>2d 3(0.6%) 0.000 0.000-0.000

235% Cl=95% confidence interval, BMI=body mass index, OR=odds ratio.
P<.05.

general international criteria. The OR for BMI was 1.555 (95%
CI, 0.570-4.241) in participants with a normal eating speed
relative to those with a very slow/slow eating speed. This figure
increased to 3.394 (95% CI, 1.281-8.994) and 5.486 (95% CI,
1.622-18.553), respectively, in participants with fast and very
fast eating speeds. Relative to participants who consumed 2 meals
per day, the ORs of BMI were 0.290 (95% CI, 0.137-0.612) and
0.190 (95% CI, 0.055-0.657), respectively, in participants who
consumed 3 and 4 meals per day. Relative to participants who
consumed no sweetmeats in a week, the adjusted ORs of BMI
were 2.402 (95% CI, 1.105-5.223), 1.250 (95% CI, 0.433-
3.606), and 4.167 (95% CI, 1.090-15.933) in participants who
reported consuming sweetmeats 1 to 2 and 3 to 6 days per week
and every day of the week, respectively. Male subjects had a
higher OR for BMI (1.903; 95% CI, 1.147-3.156) than female
subjects. Subjects from urban regions had significantly higher
BMI than those from rural regions (OR, 1.935; 95% CI, 1.178-
3.240).

3.5. Analysis of higher eating speed as an independent
risk factor for overweight-obesity
According to the results of univariate logistic proportional
regression analysis, the risk factors of overweight-obesity include
sex (P=.013), region (P=.010), eating speed (P=.002), number
of meals per day (P=.008), and sweetmeat habit (P=.046). We
performed multivariate logistic proportional regression analysis
to identify the most independent risk factor among these
variables and explore the “a x b” interaction (Table 4). Partic-
ipants with a higher eating speed had a significantly greater risk of
overweight—obesity than those with a normal/lower eating speed
(OR, 17.392; 95% CI, 1.614-187.363; P=.019; Table 4).
Figure 1A shows the distribution of subjects with BMI values
<18.5,18.51t025.0, and >25.0 kg/m* according to sex. Figure 1B
shows the distribution of subjects with BMI values <18.5, 18.5 to
25, and >25.0 kg/m” according to region. Figure 1C to F show the
distribution of subjects with BMI values <18.5, 18.5 to 25, and
>25.0kg/m? according to eating speed, number of meals per day,
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The characteristics and their effect on BMI based on multivariate
logistic proportional regression analysis.

BMI

Characteristics OR 95% ClI P
Sex 0.996 0.159-6.238 997
Region 0.858 0.134-5.506 871
Eating speed 17.392 1.614-187.363 019"
Number of meals per day 2.332 0.082-66.274 620
Sweetmeats habit 1.045 0.167-6.550 .962
Eating speed”Sex 0811 0.403-1.632 557
Eating speed*Region 0.822 0.409-1.653 583
Eating speed*Number of meals per day 0.428 0.165-1.112 .082
Eating speed*Sweetmeats habit 1.162 0.463-2.914 750

95% Cl=95% confidence interval, OR=odds ratio.
P<.05.

high-fat diet habit, and sweetmeat habit, respectively. Figure 2A
to F show the relationship of mean BMI with sex, region,
eating speed, number of meals per day, high-fat diet habit, and
sweetmeat habit according to school grade.
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3.6. Linear correlation between Scoremeng and BMI

The results of linear regression analysis revealed that Scorepjys
is not significantly related to BMI (Fig. 3B and Table §).
However, there was a linear correlation between Scoremeng
and BMI (P<.05; Bumeng=0-253; beonscantquantity=18-592;
Fig. 3A and Table 5). Thus, we arrived at the following
equation:

BMI = 0.253 x Scoremeng + 18.592.

3.7. ROC analysis of the ability of Scorepmeng to predict
overweight-obesity

We constructed ROC curves to identify an accurate threshold of
Scoremeng for predicting BMI (Table 6). Scoreyeng Was mostly
associated with a higher risk of overweight—obesity (area under
the curve for BMI, 0.598; 95% CI, 0.529-0.667; P=.007). The
optimal predictive threshold of Scoreyeng for BMI was 53.26.
However, Score,,s was not a sensitive or specific predictor of
overweight—obesity (area under the curve for BMI, 0.495; 95%
Cl, 0.424-0.567; P=.495; Fig. 4).
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Figure 1. The distribution of subjects with BMI values <18.5, 18.5-25.0, and >25.0kg/m? according to sex (A), region (B), eating speed (C), number of meals per

day (D), high-fat diet habit (E), and sweetmeat habit (F), respectively.
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Figure 2. The relationship of mean BMI with sex, region, eating speed, number of meals per day, high-fat diet habit, and sweetmeat habit according to school
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Figure 3. The linear regression analysis. (A) there was a linear correlation between Scoremeng and BMI; (B) Scoreplus is not significantly related to BMI.

The linear regression analysis of Scoreneng (@and Scorep,,s) for
overweight-obesity.

Receiver operator characteristic curve analysis of Scoren,eng for
overweight-obesity.

BMI, kg/m? BMI, kg/m?
Score type Bmeng P Constant quantity ~ Score type AUC P 95% Cl
SCOMmeng 0.253 <.001" 18.592 SCOmeng 0.598 0.007" 0.529-0.667
Scoreyus 0.495 426 20.821 SCoreyus 0.495 0.897 0.424-0.567

Emeng=parameter estimate, BMI=body mass index.
Significant variables.

4. Discussion

This study evaluated the current prevalence of overweight—
obesity among Chinese college students and investigated the
effects of their eating habits and preferences on the morbidity of

/:UC:area under curve; BMI=body mass index, ™*the maximum of AUC.
Significant variables.

overweight—obesity. Our study produced 2 major findings. First,
high eating speed is an independent risk factor for overweight and
obesity. Second, sex, region, number of meals per day, and
sweetmeat habit also have a significant association with
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Figure 4. Receiver operating characteristic (ROC) curve analysis of the ability of Scoremeng or Scoreplus to predict overweight-obesity respectively.
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overweight and obesity among Chinese college students. Having
a fewer number of meals per day and eating more dessert entail a
higher risk of overweight and obesity. Men gain weight more
easily than do women, and urban students are more prone to
gaining weight than rural students.

Several studies have shown a significant positive correlation
between eating speed and the morbidity of overweight and
obesity in children and adults, 11811 which is consistent with
the findings of our study. Among the Chinese college students
enrolled in this study, the OR for BMI (determined by univariate
logistic proportional regression analysis) was 1.555 (95% CI,
0.570-4.241) in participants with a normal eating speed relative
to those with a very slow/slow eating speed. This figure increased
to 3.394 (95% CI, 1.281-8.994) and 5.486 (95% CI, 1.622—
18.553), respectively, in participants with fast and very fast
eating speeds. Furthermore, according to the results of
multivariate logistic proportional regression analysis, partici-
pants with a higher eating speed had a significantly greater risk of
overweight—obesity than those with a lower eating speed (OR,
17.392; 95% CI, 1.614-187.363; P=.019). This increased risk
can be explained by the following aspects. First, when eating fast,
the food enters the body quickly, resulting in a rapid elevation of
blood glucose levels. This causes an explosive secretion of insulin,
which converts blood glucose into fat, thus promoting
overweight and obesity. Second, H1 receptors are distributed
in the paraventricular nucleus and ventral hypothalamus.
Histamine neuron activation can physiologically influence food
intake and eating speed by modulating H1 type of receptors, thus
suppressing a psycho-physiological behavior. Therefore, in case
of people who eat fast, the fewer the number of times they chew
food in their mouth, the fewer the number of histamine neurons
activated in their brain. This causes a decrease in the activity of
the histamine neurons in suppressing food intake, leading to a
decrease in gastrointestinal satiety and, consequently, over-
eating.!"!! Previous studies have found that daily energy intake
can increase significantly with an increase in the rate of eating.!*!
Of all dietary behaviors, eating speed is the most closely related to
overweight and obesity, which suggests that this factor might
play a vital role in energy intake. Therefore, health education
programs should be implemented to help college students control
their eating speed.

In the present study, the morbidity of overweight-obesity in
men was higher than that in women, which is consistent with the
results of previous studies in China.*'">3! Our results demon-
strated that male subjects had a higher OR for BMI (1.903; 95%
CI, 1.147-3.156) than female subjects. This difference can be
explained by the following factors. Socioeconomic, sociocultural,
genetic, and behavioral factors might play an important role in
sex-associated differences in overweight—obesity.**! In Chinese
culture, a boy’s weight is considered as a symbol of his strength,
while girls prefer a slim figure. Compared with boys, girls tend to
control their weight and height more easily. According to Zhang
et al,® boys eat more fried food, drink more sweetened
beverages, and spend more time on the TV and computer than
do girls. This suggests that boys are more likely to have unhealthy
behaviors.

Urban undergraduates gain weight more easily than rural
students. In our study, we found that subjects from urban regions
had a significantly higher BMI than those from rural regions (OR,
1.935; 95% CI, 1.178-3.240). Yu et al®¥ reported a high
prevalence of overweight and obesity among middle-aged and
elderly people in a downtown area of Beijing. In addition,
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Herrera et al'®! found that the most vulnerable students in rural
areas had the lowest risk of obesity in 2009 and 2013. In urban
and rural areas, respectively, the ORs for developing obesity in
2009 were 0.85 (95% CI, 0.82-0.88) and 0.70 (95% CI, 0.64—
0.75) in the most vulnerable students and 0.94 (95% CI, 0.91-
0.97) and 0.81 (95% CI, 0.74-0.88) in those with moderate
vulnerability. The corresponding values in 2013 were 0.96 (95%
CIL, 0.93-0.98) and 0.89 (95% CI, 0.82-0.96) in the most
vulnerable students and 0.99 (95% CI, 95% CI, 0.96-1.02) and
0.94 (95% CI, 0.86-1.02) in students with moderate vulnerabili-
ty.12°! This finding provides a regional basis for further studies on
the risk factors for overweight and obesity.

Can 2 meals per day make you slimmer? In terms of diet
frequency, we investigated the relationship between the number
of meals per day and overweight—obesity. We found that having 2
meals per day entails a higher risk of overweight and obesity than
having 3 or 4 meals per day. The ORs for BMI were 0.290 (95%
CL, 0.137-0.612) and 0.190 (95% CI, 0.055-0.657), respective-
ly, in participants who had 3 and 4 meals per day relative to those
who had 2 meals per day. According to our findings, most dieters
fall into the trap of consuming fewer meals per day for dieting
purposes, which is consistent with previous findings.**! In
previous studies, as many as 21.8% of overweight and obese
respondents were reported to eat 1 or 2 meals a day as opposed to
16.8% of normal-weight students.?”-*%! Similarly, other studies
have also confirmed that eating the same amount of food in 1 to 2
meals per day (instead of 5 meals per day, as recommended) will
cause faster fat deposition and lead to obesity. Therefore, we
should encourage college students to have regular eating habits
and avoid “losing weight by dieting.”

With regard to other dietary behaviors, we found that the
higher the intake of sugary foods, the more obvious was the
overweight or obesity. This finding is supported by previous
research.?*3% Relative to participants who consumed no
sweetmeats in a week, the adjusted ORs for BMI were 2.402
(95% CI, 1.105-5.223), 1.250 (95% CI, 0.433-3.606), and
4.167 (95% CI, 1.090-15.933) in participants who consumed
sweetmeats 1 to 2 and 3 to 6 days per week and every day of the
week, respectively. This trend might be explained by the
following reasons. It is well known that the more sugary a food
is to eat, the greater will be the risk of developing a variety of oral-
health problems, including dental caries and severe periodontal
disease with mobile teeth and tooth loss. These conditions will
result in decreased occlusal function, finally leading to an
unhealthy diet and lifestyle and an increased risk of overweight
and obesity. Recent epidemiological studies have also confirmed
a link between overweight—obesity and periodontal disease.1~33!
Considering that sugar is an important factor in gaining
weight,®*! future intervention measures for preventing over-
weight and obesity among college students should pay more
attention to advising schools to limit the supply of sugary drinks
or dessert.

Our study has some limitations. First, the cross-sectional
design of this study makes it challenging to build any causal
relationship based on the collected data. Prospective and/or
interventional studies are necessary to determine the relationship
between eating speed and overweight-obesity. The data collec-
tion methods used for behavioral datapoints are very vague and
might have introduced a risk of bias. Furthermore, according to
the guidelines for appreciating the validity of the area under the
ROC curve, values between 0.50 and 0.60 indicate failure and
those between 0.60 and 0.70 indicate poor accuracy. Given the
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consistent data in literature linking nonalcoholic fatty liver
disease (NAFLD) with obesity/metabolic syndrome, one of the
drawbacks of our study is that we did not investigate the
applicability of NAFLD in our proposed equations. NAFLD
should be investigated as a new criterion for defining metabolic
syndrome.

5. Conclusion

Scoreyeng = 1,402 X scoregey + 1.269 X scoreregion + 19.004 X SCOrecying specd
+2.546 X SCOr€qumber of meals per day + 1.626 X scoregyeermeat habit

BMI = 0.253 X Scoremeng + 18.592.

In summary, eating speed, sex, region, number of meals per
day, and sweetmeat habit are associated with overweight—
obesity. Among all dietary behaviors, eating speed is most
closely related to overweight and obesity, and high eating speed
is an independent risk factor for overweight and obesity. Thus,
eating slowly, consuming 3 meals per day, and eating fewer
sweetmeats might lead to better dietary habits, which could
help prevent overweight—obesity. In addition, differences
related to sex and region should be taken into account in
health education about overweight—obesity. On the basis of our
findings, we have proposed 2 formulas that can help estimate
the weight status of undergraduates and predict whether they
will be overweight—obese. We have established a practical score
(Scoremeng) that might provide individual predictions on
overweight—obesity in undergraduates. Scoreyen, might help
young people identify and avoid high-risk factors for
overweight—obesity. Our study subjects were undergraduates,
which is a highly representative population. It is necessary to
conduct further prospective studies to determine the impact of
the most significant risk factor among young people of other age
groups.
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