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Background: Although structured clinical interviews are considered the gold standard for assessing binge eating disorder (BED), the
self-administered Binge Eating Scale (BES) has been widely used as a screening tool for BED in clinical research. However, the
psychometric properties of the BES among Chinese young adults remain unclear. This study aimed to examine the validity of
a Chinese version of the BES with a large sample.

Methods: A total of 2182 young adult college students were tested using the Simplified Chinese version of BES (SCBES), the 7-Item
Binge-Eating Disorder Screener (BEDS-7), the Zung Self-Rating Depression Scale (SDS), the Generalized Anxiety Disorder Scale
(GAD-7), and the Dual-Modes of Self-Control Scale (DMSC). The frequency of objective binge-eating episodes was used as
a measure of severity. Validity and reliability of the SCBES were assessed through multiple analyses, along with the item analysis.
Results: The data revealed that the SCBES demonstrated reasonable reliability and validity. The Cronbach’s a value was 0.813, with
a one-month test-retest reliability of 0.835. The exploratory factor analysis (EFA) extracted three first-order factors, which explained
a total of 53.82% of the variance. The confirmatory factor analysis (CFA) confirmed the three-factor model (ie, Binge-eating
behaviors, Lack of control, Negative affects related to overeating), with a good model fit. The SCBES also demonstrated excellent
concurrent and criterion validity, significantly correlating with the BEDS-7 and frequency of objective binge-eating episodes
(r=0.760-0.782, p<0.001). Gender, body mass index, depression, anxiety, impulsivity, and self-control were significantly associated
with the total score of SCBES.

Conclusion: The SCBES demonstrated sound psychometric properties and exhibited good cross-cultural adaptability in Chinese
young adults, with a novel three-factor model fitting the data best. This scale could serve as a useful screening tool for identifying the
severity of binge eating behaviors among Chinese youths.

Keywords: Binge eating, psychometric properties, Chinese adults, college students

Introduction

Binge eating disorder (BED), an important health issue, has been officially recognized as a diagnostic category in the Fifth
Edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5). BED is a complex condition characterized by
recurrent episodes of overeating/binge-eating and a loss of control over eating, accompanied by emotional distress and
discomfort."* BED has been proven to be associated with numerous psychiatric and physical complications, resulting in
impairments in quality of life and even increased mortality.* The lifetime prevalence of BED in the general population
worldwide is approximately 1.53%, with a higher rate observed among females (2.42%) compared to males (1.17%).” The
12-month prevalence estimates for BED are 0.93% for females and 0.51% for males, respectively.” The onset of BED may
occur during late adolescence and early adulthood, but it carries a lifelong risk.®” The natural course of BED often lasts for
a long time, with an average duration of 14—16 years.®® It is worth noting that young people are at a higher risk for BED, with
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a significantly greater incidence rate compared to other age groups.'® For instance, the lifetime prevalence of eating
disorders, including BED, bulimia nervosa (BN), and anorexia nervosa (AN), is 5.12% among young adults aged 18-29
years, compared to 2.38% in the group aged 30—44 years old and 1.29% in the group aged 45+ years old.""' Unfortunately, BED
has been largely invisible and overlooked in comparison to AN and BN, and individuals with BED are often underdiagnosed
and undertreated, possibly due to societal biases and stigma associated with weight and body image.'? In this regard, timely
and effective screening for BED is considered essential for further diagnosis, particularly among at-risk populations such as
adolescents and young adults.

Structured clinical interviews conducted by clinical experts are recognized as the gold standard for diagnosing BED.
Frequently used instruments for the diagnostic assessment of BED include the Eating Disorder Examination (EDE) and the
Structured Clinical Interview for DSM-5 Disorders (SCID).? There are also a series of specific self-report instruments available
for the early detection and screening of BED, including the Eating Disorder Examination Questionnaire (EDE-Q), the Eating
Disorders Inventory (EDI-3), the 7-Item Binge-Eating Disorder Screener (BEDS-7), and the Binge Eating Scale (BES), among
others.'® Given that structured interviews require specialized training and are time-consuming, lasting 1-2 hours, self-report
measurements of BED have been widely used to screen and assess binge-eating pathology in clinical research.'* The BES,

developed by Gormally et al,'*

was specifically designed to screen for and evaluate problems related to binge eating. The BES is
a self-report scale consisting of 16 items that assess behavioral, emotional, and cognitive symptoms of binge eating among
individuals at risk. Each item contains three or four statements, which reflect a range of severity from no problems (scored as 0) to
severe problems (scored as 3). The total possible score ranges from 0 to 46. The total score on the BES reflects the severity of
binge-eating behavior, with a score of 18 or higher indicating probable BED.'*'® Furthermore, based on the BES scores,
uncontrolled eating behaviors can be classified into three different severity categories: individuals scoring 0—17 are considered
non-binge eaters; those scoring 18-26 are categorized as moderate binge eaters; and individuals with scores ranging from 27 to
46 are classified as severe binge eaters.'”'® In the BES, there are eight items that describe behavioral manifestations and another
eight items that focus on feelings and cognition related to binge eating.'* However, this proposed two-dimensional structure for
the original scale has not been consistently confirmed in other studies with translated versions. Instead, a one-factor model is

often found and utilized,w‘zo

which indicates the necessity of conducting further research.

Additionally, it is recognized that the construct BED has deep roots in Western culture. Our current understanding of
the epidemiology of BED mainly comes from clinical and community-based studies conducted in North America and
Europe.®?! Nevertheless, research interest and data on BED continue to emerge from other parts of the world, including
Asia.>*? For instance, binge eating behaviors have increased among Chinese adolescents and young adults, possibly due
to rapid economic development and intensifying societal competition. In a large sample of adolescents aged 11-17 years
(n=1177), the rate of binge eaters was 32.23% among overweight/obese individuals, compared to 0.54% in those with
a normal weight.>> Among 1013 Chinese young adult college students, approximately 8.39% were identified as
individuals with binge-eating problems.?* However, there is still an urgent need for a validated tool in Chinese culture
to assess and monitor binge eating disorder among clinical and non-clinical populations. Considering that the BES is
a concise and useful tool for screening and assessing binge-eating problems, a Simplified Chinese version of the BES
(SCBES) has been translated and preliminarily validated among adolescents aged 12 to 18 years old.? In this sample, the
SCBES demonstrated a satisfactory and acceptable one-factor model, with a Cronbach’s a value of 0.805 and a two-week
test—retest reliability coefficient of 0.768. However, this sample mainly consisted of high school students, with over 20%
of them being overweight or obese.”” In comparison to children and adolescents, young adults (eg, college students)
actually have easier access to food in China and appear to be at a higher risk of developing binge-eating problems,
particularly when they face heavy academic pressure and social competition.>*?*?” Unfortunately, the validation and
psychometric properties of the SCBES in Chinese young adults remain unclear. Moreover, the cross-cultural adaptability
of the BES among young populations in China has limited evidence available. Recently, the psychometric properties of
the BES and variables associated with binge eating were examined among overweight college students aged 18 to 24
years in Taiwan.”*° However, a translated Traditional Chinese version of BES was used and only overweight and obese
students were included.”®*° Considering the significant differences associated with the utilization of Simplified and
Traditional Chinese, further studies are required to assess the adaptability of the Simplified Chinese version of BES in
young adults.
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The purpose of this study was to assess the psychometric properties of the SCBES in a large non-clinical sample of
Chinese young adults who are at risk for BED. This is important because most previous studies have focused on clinical
populations and were conducted in Western cultures.” A total of 2182 young adult college students were tested using the
SCBES, the 7-Item Binge-Eating Disorder Screener (BEDS-7), the Zung Self-Rating Depression Scale (SDS), the
Generalized Anxiety Disorder Scale (GAD-7), and the Dual-Modes of Self-Control Scale (DMSC). Objective frequency
of binge-eating episodes was employed as a severity specifier. The factorial structure, validity, and reliability of the scale
were examined through multiple analyses.

Materials and Methods

Participants

All participants were young adult college students who were randomly recruited from six local universities in Guiyang,
China, between September and December 2021. Firstly, a list of 12 universities was created in the University Town, and
then six random universities were selected from that list. In each of the six universities, 400 undergraduate students were
randomly selected based on their student registration numbers, with an approximate proportion of 5%. All 2400 students
were invited to complete a series of self-report scales through the online survey programming platform (ie,
WenJuanXing). All the students participated in this study voluntarily. Among them, 67 students failed to complete the
online survey, and thus were excluded from the study. Besides, 53 students were excluded due to invalid arbitrary
responses or a large number of omissions (>5%) on the scale items, and 98 students were excluded because they were
under 18 years old. As a result, a total of 2182 participants (mean age: 19.06 + 1.03 years, ranging from 18 to 25 years;
1383 females, 63.4%) were included in the final data analysis. All subjects provided the online informed consent, and
were compensated with a coupon equal to RMB ¥ 20 each.

Measurements

Demographics. A brief questionnaire was used to collect demographic data (eg, age, gender, ethnicity, years of education,
weight, and height) through self-reports. Body Mass Index (BMI) was then calculated by weight divided by the square of
height (kg/m?). Smoking and drinking behaviors were assessed using one single yes/no question each: “Have you
smoked at least one cigarette in the past 14 days”; “Did you take at least one drink in the past 14 days”, respectively.

Weekly Frequency of Binge-Eating Episodes

The participants reported their average weekly frequency of objective binge-eating episodes over the past three months.
The main question was “On average, how many times did you experience actual episodes of excessive overeating per
week during the last three months?”. According to the DSM-5, the objective frequency of binge-eating episodes was used
as a severity specifier. Specifically, five severity groups were defined as follows: no binge-eating (0 episodes/week), mild
(1-3 episodes/week), moderate (4—7 episodes/week), severe (8—13 episodes/week), and extreme (= 14 episodes/week).*”

Binge Eating Scale

The SCBES has previously been validated in Chinese adolescents.”® To develop the SCBES, classical back-translation
methods were used. After obtaining permission from its authors, the original BES'* was translated from English into
Simplified Mandarin Chinese by two bilingual Chinese-native psychologists. Following discussion and revision by the
translators and another two bilingual researchers, an earlier version of the SCBES was developed. Subsequently, this
version was back translated into English by one independent bilingual psychologist, who was blind to the original BES.
In the third stage, all translators and researchers reviewed the original and back-translated versions, and resolved their
discrepancies before finalizing this scale. The SCBES showed reasonable psychometric properties with a one-factor
model in Chinese adolescents.”® Consistent with the original BES, the SCBES has 16 items, each with three or four
statements that reflect a range of severity of binge eating. Higher total scores indicate more severe binge eating problems.
In the present study, we further tested the psychometric properties of the SCBES among Chinese young adults with
a large sample.
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BEDS-7

The BEDS-7 is a patient-reported screening tool designed to identify individuals with probable BED.?' It consists of
seven items, which were developed based on the DSM-5 diagnostic criteria for BED. This scale was validated in general
community residents with and without BED characteristics, with a sensitivity of 100% and a specificity of 38.7%.>" In
the BEDS-7, the first two items assess whether the participants have engaged in excessive eating over the past three
months (YES=1 and NO=0), such as item 1

During the last three months, did you have any episodes of excessive overeating, i.e., eating significantly more than what most
people would eat in a similar period of time

And item 2 “Do you feel distressed about your episodes of excessive overeating”. The items 3—7 used a 4-point Likert
scale (Never/rarely=0, Sometimes=1, Often=2, and Always=3) to measure relevant symptoms (ie, out of control over
eating, continue eating even though not hungry, embarrassed by how much eaten, disgusted or guilty afterward, and make
self vomit to control weight or shape). The BEDS-7 total score was employed as an indicator of concurrent validity for
the SCBES. Cronbach’s a of the scale was 0.823 in this study.

SDS

The SDS*? was used to measure depression symptoms over the past two weeks. There are 20 items rated on a 4-point
Likert scale from 1 (None or a little of the time) to 4 (Most or all of the time). Higher total scores reflect heavier
depression symptoms. Cronbach’s o of the SDS was 0.890 in this study.

GAD-7

The GAD-7 is a self-rating scale for detecting anxiety symptoms during the last two weeks, which is widely used in both
clinical practice and research.>® There are seven items rated on a 4-point Likert scale (Not at all=0, Several days=1, More
than half the days=2, and Nearly every day=3). A higher total score reflects heavier anxiety symptoms. Cronbach’s a of
the GAD-7 was 0.763 in this study.

DMSC

The DMSC is a self-report scale for assessing the dual-system processes of behavioral control (ie, impulsivity and self-
control).>** Tt consists of 21 items rated on a 5-point Likert scale from 1 (Not at all true) to 5 (Always true). The
impulsivity subscale with 12 items includes three factors (impulsiveness, easy distraction, and inability to delay
gratification), and the self-control subscale with 9 items includes two factors (problem solving and future-oriented
time view). Higher total scores indicate a higher level of impulsivity or self-control. Cronbach’s a values were 0.938 and
0.891 for the two subscales in this study, respectively.

Statistical Analyses

Data analysis was performed with the Statistical Package for Social Sciences for Windows Version 22.0 and AMOS
Version 24.0 (SPSS Inc., Chicago, IL, USA). The exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA) were used to determine the potential factor structure of the SCBES. The total sample (n=2182) was randomly
separated into two subgroups for EFA (n=1091) and CFA (n=1091), respectively. In EFA, principal component analysis
(PCA) with varimax rotation was conducted based on factorability analysis using Kaiser-Meyer—Olkin (KMO) measure-
ment and Bartlett test of sphericity. The CFA was used to test the fitting of the proposed models in EFA, using structural
equation modeling (SEM) from the AMOS. Concurrent and criterion validity were tested with Pearson correlation
coefficients, which were conducted between the SCBES and the BEDS-7 scores and between the SCBES score and the
objective frequency of binge-cating episodes. Reliability for internal consistency of the SCBES was detected using
Cronbach’s o coefficient. Test—retest reliability was evaluated to test temporal stability, using the intraclass correlation
coefficient (ICC). Two hundred and twenty participants (about 10%) of the total sample were randomly selected to
complete the SCBES again one month after their first test. Besides, a multivariate linear regression analysis was
performed to explore the relationships between demographics (eg, age, gender, ethnicity, BMI), depression, anxiety,
impulsivity, self-control, and binge eating. Statistical significance was set as p < 0.05, two-tailed.
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Results

Demographic Characteristics and Scale Scores

As seen in Table 1, this sample had an average BMI of 20.81 + 2.76 kg/m?, with 78.0% displaying a normal weight and 6.9%
being overweight or obese. The mean of the SCBES scores was 8.98 + 6.40 (ranging from 0 to 42). All of the scale scores (ie,
SCBES, BEDS-7, SDS, GAD-7, DMSC) had an approximately normal distribution according to the skewness and kurtosis.

Item Analysis and Scale Reliability

Item analysis was conducted to analyze the item effectiveness in the SCBES. The top and bottom 27% of the SCBES
total scores were designated into the high-score group (n=589) and low-score group (n=589), respectively. Then, the
scores of each item in these two groups were compared using #-test. Table 2 revealed that each of the 16 items exhibited
significant difference between the two groups with excellent item effectiveness (all p<0.001). Furthermore, the item-total
score correlations were tested using Pearson correlation. The correlation coefficients of the 16 items with the SCBES
total score were all higher than 0.3 (from 0.311 to 0.631, all p<0.001).

As shown in Table 3, the internal consistency reliability of the SCBES was 0.813, indicated by Cronbach’s a. After
removing any individual item, Cronbach’s a of the total scale ranged from 0.793 to 0.811, indicating good internal
consistency of the items. Evaluated with the ICC (n=220), one-month test-retest reliability for this scale was 0.835
(»<0.001), higher than the standard 0.75.

Table | Demographic Characteristics and Scale Scores of the Sample (n=2182)

Variables Mean or Number | SD or % | Range Skewness | Kurtosis
Age, years 19.06 1.03 18-25 1.035 1.099
Gender, Female 1383 63.4 - - -
Years of education 14.27 1.06 13-16 0.254 1.179
Ethnicity, Hans 1262 57.8 - - -
Home locality, Urban 1410 64.6 - - -
Smoking status, no 2083 95.5 - - -
Drinking status, no 1533 70.3 - - -
Body Mass Index, kg/m? 20.81 2.76 17.16-38.76 | 1.941 2.669
Underweight (< 18.5) 332 15.2 - - -
Normal weight (18.5-24.9) 1701 78.0 - - -
Overweight (25.0-29.9) 115 53 - - -
Obese (2 30.0) 34 1.6 - - -
Weekly frequency of binge-eating episodes | 0.58 1.57 0-12 3.713 2.476
No binge-eating (0) 1750 80.2 - - -
Mild (I-3 episodes) 310 14.2 - - -
Moderate (4-7 episodes) 87 4.0 - - -
Severe (8-13 episodes) 35 1.6 - - -
Extreme (14 episodes) 0 0 - - -
SCBES scores 8.98 6.40 042 1.026 0.756
No binge-eating (0-17) 1928 88.4 - - -
Moderate BE (18-26) 216 9.9 - - -
Severe BE (2746) 38 1.7 - - -
BEDS-7 scores 322 2.96 0-17 1.721 2.024
SDS scores 2743 9.09 20-56 1.248 0.464
GAD-7 scores 14.64 4.35 0-21 0.214 0.420
DMSC scores
Impulsivity trait 17.39 6.94 12-47 1.527 1.575
Self-control trait 14.58 7.87 941 1.650 1.577

Abbreviations: SCBES, The Simplified Chinese version of BES; BE, Binge-eating problems; BEDS-7, The 7-ltem Binge-Eating Disorder
Screener; SDS, The Zung Self-Rating Depression Scale; GAD-7, The Generalized Anxiety Disorder Scale; DMSC, The Dual-Modes of Self-
Control Scale.
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Table 2 Item Analysis (M+SD) and Item-Total Score Correlations (r) of the SCBES

Items High-Score | Low-Score t P Item-Total P

Group Group Correlations

(n=589) (n=589) (n=2182)
Item | 0.51+0.69 0.10+0.33 13202 | <0.001 | 0.389 < 0.001
Item 2 1.37£0.97 0.32+0.56 22493 | <0.001 | 0.466 < 0.001
Item 3 1.54+1.25 0.06+0.24 28.123 | <0.001 | 0.622 < 0.001
Item 4 0.35+0.76 0.01+0.01 11.196 | <0.001 | 0.373 < 0.001
Item 5 1.30£0.77 0.65+0.59 16.026 | <0.001 | 0.406 < 0.001
Item 6 1.06+0.97 0.14+0.36 21.730 | <0.001 | 0.538 < 0.001
Item 7 1.56£1.35 0.010.17 27611 | <0.001 | 0.603 < 0.001
Item 8 1.85+0.90 0.18+0.44 40.278 | <0.001 | 0.631 < 0.001
Item 9 0.99+0.81 0.08+0.29 25.886 | <0.001 | 0.563 < 0.001
Item 10 | 1.52+0.77 0.22+0.55 33.188 | <0.001 | 0.537 < 0.001
Item |1 1.05+0.65 0.13+0.35 30.201 | <0.001 | 0.613 < 0.001
Item 12 | 0.46+0.72 0.05+0.24 13.031 | <0.001 | 0311 < 0.001
Item 13 | 0.86%1.19 0.04+0.30 16.334 | <0.001 | 0.445 < 0.001
Item 14 | 1.11£0.83 0.12+0.37 26.231 | <0.001 | 0.578 < 0.001
Item I5 | 1.19+0.87 0.26+0.44 23.092 | <0.001 | 0.547 < 0.001
Item 16 | 1.04+0.66 0.11+0.35 30.077 | <0.001 | 0.542 < 0.001

Abbreviation: SCBES, The Simplified Chinese version of BES.

Table 3 Cronbach’s o and Test—Retest Reliability of the SCBES

Items Cronbach’s a Test-Retest Reliability,
Coefficient if the Intraclass Correlation
Item Deleted Coefficient
(n=2182) (n=220)
Item | 0.807 0.821 (p<0.001)
Item 2 0.807 0.803 (p<0.001)
Item 3 0.794 0.801 (p<0.001)
Item 4 0.808 0.822 (p<0.001)
Item 5 0.807 0.806 (p<0.001)
Item 6 0.799 0.797 (p<0.001)
Item 7 0.798 0.800 (p<0.001)
Item 8 0.793 0.802 (p<0.001)
Item 9 0.797 0.779 (p<0.001)
Item 10 0.801 0.807 (p<0.001)
Item 11 0.795 0.810 (p<0.001)
Item 12 0811 0.832 (p<0.001)
Item 13 0.808 0.813 (p<0.001)
Item 14 0.796 0.799 (p<0.001)
Item 15 0.798 0.801 (p<0.001)
Item 16 0.799 0.805 (p<0.001)
SCBES total 0.813 0.835 (p<0.001)

Abbreviation: SCBES, The Simplified Chinese version of BES.

Construct Validity from the EFA and CFA

Based on the KMO value (0.913) and Bartlett test of sphericity (3°=3317.44, df=120, p<0.001), EFA was performed for
factor analysis of the SCBES. Three factors with an Eigenvalue over 1 were extracted from the PCA using the varimax
rotation, explaining a total of 53.82% of the variance (see Table 4). The first factor (including items 2, 7, 8, 9, 10, 11, 13,
and 16) appears to represent a series of behavioral manifestations of binge eating, such as eating quickly, excessive and
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Table 4 Varimax Rotated Factor Loadings of the SCBES (n=1091)

Items Factor | | Factor 2 | Factor 3 | Total
Item 2 0.666

Item 13 0.604

Item 8 0.593

Item 9 0.542

Item |1 0.536

Item 16 0514

Item 7 0.503

Item 10 0.456

Item 5 0.728

Item 14 0.555

Item 15 0.552

Item 3 0.504

Item 4 0.455

Item | 0.691

Item 6 0516

Item 12 0.464

Variance explained | 29.12% 15.25% 9.45% 53.82%

Abbreviation: SCBES, The Simplified Chinese version of BES.

uncomfortable overeating, bipolar eating model (ie, feast or famine), uncontrolled urges, continual eating without plans,
and unconsciousness for hunger. As a result, it is named as “Binge-eating behaviors”. The second factor (including items
3,4, 5, 14, and 15) embodies the key symptoms of loss of control, overeating habits (when boring or even not hungry),
and cognitive hijacking/preoccupation in BED, thus it is named as “Lack of control”. The third factor (including items 1,
6, and 12) refers mainly to the feelings of shame, disgust, guilt, or self-hate due to overeating, so named as “Negative
affects related to overeating”.

The CFA was further performed to confirm the three-factor model derived from the EFA. The following indices for
model fit were used: (a) ¥*/df, the ideal value of 1 to 3; (b) goodness-of-fit index (GFI), the ideal value over 0.90; (c)
adjusted goodness-of-fit index (AGFI), the ideal value over 0.90; (d) root mean square error of approximation (RMSEA),
the ideal value below 0.05; (e) standardized root mean square residual (SRMR), the ideal value below 0.05; (f)
comparative fit index (CFI), the ideal value over 0.95; and (g) non-normed fit index (NNFI), the ideal value over
0.95.%° Table 5 revealed that all of these indices in the three-factor model were good for ideal model fit (x*/df = 2.796,
RMSEA =0.041, SRMR = 0.021, with GFI, AGFI, CFI, and NNFI all over 0.95). Considering the BES is always used as
a single uni-dimensional measure for probable BED, we further compared the three-factor model with the one-factor
model of the SCBES, which was previously proposed in Chinese adolescents. As displayed in Table 5, although the one-
factor model appeared to have an acceptable model fit, the three-factor model demonstrated a better fit with the sample,
superior on each of these indices. The factor structure of the three-factor model was clearly depicted for the SCBES in
Figure 1. The three first-order factors (ie, “Binge-eating behaviors”, “Lack of control”, “Negative affects related to
overeating”) were closely linked to each other, showing a reasonable construct validity.

Table 5 Model Fit Between the Three-Factor and One-Factor Models of the
SCBES (n=1091)

Model Fit Indices | y*/df | GFI | AGFI | RMSEA | SRMR | CFI NNFI

Three-factor model | 2.796 | 0.968 | 0.957 | 0.04| 0.021 0.962 | 0.973
One-factor model 2.962 | 0.966 | 0.955 | 0.042 0.023 0.937 | 0.946

Note: SCBES=The Simplified Chinese version of BES.
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Figure | Factor structure of the three-factor model for the Simplified Chinese version of BES (SCBES). Factor |=Binge-eating behaviors, Factor 2=Lack of control, Factor
3=Negative affects related to overeating.

Concurrent and Criterion-Related Validity

Based on the approximately normal distributions of all the scale scores, Pearson correlations were used to investigate
concurrent validity between the SCBES and the BEDS-7, and criterion validity between the SCBES and objective
frequency of binge-eating episodes, respectively. Data in Table 6 revealed that there were significant positive correlations
of the SCBES scores with the BEDS-7 (r=0.782, p<0.001) and weekly frequency of binge-eating episodes (=0.760,
p<0.001).

The weekly frequency of binge-eating episodes was further used for diagnostic evaluation. According to the DSM-5,
“none to mild” binge-eating was defined as 0-3 episodes per week, while “moderate to extreme” binge-cating was
defined as >4 episodes per week. Therefore, a cut-off score of 4 episodes per week was utilized in this study. As shown in
Figure 2, the receiver operating characteristic (ROC) curve revealed that the area under the curve (AUC) was 0.935 (95%
CI = 0.916-0.953, p<0.001), suggesting that the SCBES demonstrated a significant effect in predicting the severity of
binge-eating symptoms. The Youden index was used to determine the best SCBES cut-off score, showing an optimal cut-
off score of 17.5 with a sensitivity of 0.946 and a specificity of 0.905 (Supplementary Table S1), in line with the original
BES cut-off score (ie, =18 points for probable BED).

Multivariate Linear Regression Outcomes
The multivariate linear regression analysis was further performed to test the relationships between demographics,
depression, anxiety, impulsivity, self-control, and SCBES scores. Table 7 shows that age, years of education, ethnicity,
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Table 6 Pearson Correlations (r) Between the SCBES, the BEDS-7, and Binge-Eating Episodes (n=2182)

Variables o () A3) “4) 5)

(1) SCBES total -

(2) SCBES Factor | (Binge-eating behaviors) 0.93 1% | —

(3) SCBES Factor 2 (Lack of control) 0.826*FF | 0.613%%F | —

(4) SCBES Factor 3 (Negative affects related to overeating) | 0.619%% | 0.434% | 0.42]*% | —

(5) BEDS-7 0.782%FF | 0.714%% | 0.660%** | 0.501*% | —

(6) Weekly frequency of binge-eating episodes 0.760%% | 0.679%% | 0.669% | 0.485%FF | 0.742%+*

Note: ¥**¥p<0.001.
Abbreviations: SCBES, The Simplified Chinese version of BES; BEDS-7, The 7-ltem Binge-Eating Disorder Screener.

home locality, smoking and drinking status were not related to the SCBES total score (all p>0.05). Gender and BMI had
a positive effect on binge eating ($=0.205, p<0.001; p=0.196, p<0.001, respectively). Higher levels of depression,
anxiety, and impulsivity were associated with elevated SCBES scores (5=0.057-0.289, all p<0.001), while a higher level
of self-control was related to a lower SCBES score (= —0.288, p<0.001). Totally, this regression model was significant
with 33.5% variance explained (A R*=0.335, p<0.001).

Discussion
In this study, we tested psychometric properties of the Chinese version of the BES in a large non-clinical sample of
young adults. The data revealed that the SCBES had reasonable reliability and validity. A new three-factor model (ie,
Binge-eating behaviors, Lack of control, Negative affects related to overeating) of the scale was confirmed by the CFA,
showing a good model fit. Totally, the SCBES demonstrated good cross-cultural adaptability in the Chinese young adults.
Despite the high prevalence of BED in general populations, there remains a low level of public awareness regarding
this disorder, and at times, a large research-practice gap exists.” The screening, prevention, and management for BED do
not seem to be well established worldwide; therefore, the global significance of BED remains unclear.®” In recent years,
research interest and publications on BED have been emerging in China, despite great limitations in the available

ROC Curve
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Figure 2 The receiver operating characteristic (ROC) curve that displayed the accuracy of the Simplified. Chinese version of BES (SCBES) as a screening tool for objective
severity of binge-eating symptoms, with an area under the curve (AUC) of 0.935 (95% CI = 0.916-0.953, p < 0.001, n = 2182).
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Table 7 Multivariate Linear Regression Analysis for the SCBES Total Score (n=2182)

Variables Standardized t p R R? Adjusted | F value
Coefficients (p) R?

Age (years) 0.022 0.903 0.367

Gender (l1=male, 2=female) 0.205 10.678%+* < 0.001

Years of education -0.018 —-0.736 0.462

Ethnicity (1=Hans, 2=non-Hans) 0.019 1.009 0313

Home locality (I1=urban, 2=rural) 0.012 0.639 0.523

Smoking status (I=smoking, 2=non-smoking) | —0.020 -1.017 0.286

Drinking status (1=drinking, 2=non-drinking) | 0.010 0.522 0.602

Body Mass Index (kg/m?) 0.196 10.769%** < 0.001

Depression (SDS) 0.108 6.048++* < 0.001

Anxiety (GAD-7) 0.057 3.207%% < 0.001

DMSC Impulsivity 0.289 16.069%** < 0.001

DMSC Self-control —0.288 —15.875%* | < 0.001

Model fit 0.582 | 0.339 | 0.335 92.568***

Note: **p<0.001.
Abbreviations: SCBES, The Simplified Chinese version of BES; SDS, The Zung Self-Rating Depression Scale; GAD-7, The Generalized Anxiety Disorder Scale;
DMSC, The Dual-Modes of Self-Control Scale.

epidemiological data.” The lack of convenient, validated, and effective screening tools may be an important reason. The
BES was developed and extensively utilized in Western cultures, and its original English version has been translated into
other languages and validated in cross-cultural samples, including Spanish, Portuguese, Italian, French, Malay, and
Arabic.'?2%3 41 A Traditional Chinese version of BES was also translated and tested among overweight college students
in Taiwan.?® Additionally, a Simplified Chinese version of the BES (ie, SCBES) has been translated, whereas it was only
examined among a sample of middle school students in Mainland China.?®> Validation of the BES in Chinese young
adults needs further research.

In the present study, we found that the SCBES demonstrated good psychometric properties in the Chinese young people
aged 18-25 years. The Cronbach’s a was 0.813 for the SCBES, and after removing any individual item, Cronbach’s a
ranged from 0.793 to 0.811, indicating good internal consistency of the scale. Furthermore, the one-month test-retest
reliability of the scale was 0.835. These reliability data were consistent with findings in previous studies.***! Notably, our
data for the SCBES were comparable to that of the Traditional Chinese version of BES,*® which had a Cronbach’s o of 0.83
and a one-month test—retest reliability of 0.83. Although this previous study”® included only overweight or obese students
with an adequate sample size (n=300), the age of the participants ranged from 18 to 24 years, which is almost identical to
that in our sample. Therefore, these converging data suggest that the BES may possess an excellent reliability estimate
among Chinese young adults. However, considering the explicit cultural and habitual differences associated with the
utilization of glyph images, the Simplified (or Traditional) Chinese version of the BES might not be properly used in Taiwan
(or Mainland China). Future comparative studies on these two versions of the BES will be necessary.

More interesting findings in our study were from the EFA and CFA. Based on the randomly-separated half of the
whole sample, we firstly performed the EFA, through which three factors with an Eigenvalue over 1 were extracted,
explaining a total of 53.82% of the variance. The CFA using the other half of the whole sample further confirmed this
three-factor model of the SCBES, with an ideal model fit (Table 5). More importantly, when compared with the one-
factor model proposed among Chinese adolescents,” our three-factor model detected in the Chinese young adults also
displayed superior model fit indices. In previous studies, results regarding the factorial dimension of the BES have been

19:20.39 \while a two-factor model was found in others.?84%4

controversial. The one-factor model was proposed in some,
Besides, one study conducted in overweight and obese patients demonstrated that both the one-factor and two-factor
models exhibited a good model fit.>® Among specific samples of bariatric surgery candidates, the two-factor structure of
the BES was replicated, although some of the items were not loaded.*** In the original BES, the 16 items were divided

into two broad and somewhat vague constructs (ie, emotions/cognition and behavioral manifestations related to binge
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eating), mainly based on theoretical supposition, but without strict empirical verification.'* Therefore, these inconsistent
findings regarding the factor structure of the BES may be attributed to cultural variations, sample characteristics, and
different research time points."*~® For instance, a two-factor model of the BES was more likely to be found in obese
subjects, both clinical and non-clinical.'***4%%* Additionally, the presence of different samples with varying ages and
BMI statuses in the general population may also be an important confounding factor contributing to nonuniform results.?®
More interestingly, in some European study samples such as Spanish, Portuguese, and French, the one-dimensional
factorial structure of the BES was confirmed;'®*°>° however, in the Asian adult samples including Malaysian, Arabian
(Lebanese), and Chinese (Taiwanese), the original two-factor model was provided.zg"‘o’41 Nevertheless, even for the

confirmed two-factor models (eg),**!

significant disparities regarding the results of grouped items in the BES can be
observed among studies conducted in different samples from diverse cultures. In the Malay version, there are eight items
grouped into each of the two factors, consistent with the original BES;** while in the Arabic version, twelve items are
loaded into the first factor and four items are loaded into the second factor, respectively.*' Therefore, cultural factors
should be given greater consideration in future studies when testing the factorial models of the BES. In our study, a three-
factor model of the BES was found, which seems to be a brand-new factor model that differs from the existing ones. In
this model, the Factor 1 “Binge-eating behaviors” represents a range of behavioral symptoms such as eating quickly,
excessive and uncomfortable overeating; the Factor 2 “Lack of control” embodies the symptoms of overeating habits,
loss of control, and cognitive hijacking (ie, preoccupation) in BED; and the Factor 3 “Negative affects related to
overeating” covers negative feelings due to overeating, such as shame, disgust, guilt, and self-hate. Symptoms in these
factors are at the core of BED pathology,” thus this model may be more closely aligned with the diagnostic systems of
BED in the DSM-5. Nevertheless, our study sample primarily consisted of non-clinical college students aged 18-25 years
in China; therefore, it remains unclear whether these findings could be replicated in different samples and cultures, which
necessitates further studies. Especially, in our three-factor model, the Factor 1 is consistent with the first factor
(ie, behavioral manifestations of binge eating) in the two-factor model; similarly, the Factor 3 comprises three negative
emotion items that are part of the second factor (ie, emotions/cognition related to binge eating) in the two-factor
model.*****3 In contrast, our Factor 2 includes four items of behavioral manifestations and one item of cognition related
to binge eating in the two-factor model, all of which are symptoms of loss of control. Therefore, it appears that the new
factor “Lack of control” is more explicit than the original factor, considering that diminished control over binge-eating
behavior is a characteristic feature of BED.** But remarkably, it is important to consider different research time points
when explaining this new model of binge-eating problems, especially in the aftermath of a global pandemic such as the
coronavirus disease 2019 (COVID-19), which has revealed a significant impact on the onset and course of BED.* In one
of our earlier studies published in 2018 (prior to the COVID-19 outbreak), we identified 85 individuals (8.4%) with
binge-eating problems using the SCBES among a group of 1013 Chinese young adult college students aged 18 to 24
years.>* However, in the present study with a similar but larger sample collected in 2021 (after the outbreak), we detected
binge-eating problems among 254 individuals (11.6%) out of the 2182 college students (Table 1), representing an
increase of 3.2% in the incidence rate compared to the earlier study. More importantly, the previous study®* employed the
one-factor model of the BES that was proposed and tested in Chinese adolescents,”® which demonstrated a reasonable
model fit; however, our current study highlighted a new factor that portrays the symptoms of loss of control in BED in
the novel three-factor model, compared to the prior one-factor and two-factor models. It is believed that the COVID-19
pandemic and related confines including social restrictions and lockdown have promoted dysfunctional eating behaviors
and worsened binge-eating episodes, in which affective symptoms and a sense of lack of control are specific salient
features.® Thus, more attention should be paid to different comparative studies conducted before, during, and after the
COVID-19 when investigating the dynamic course of BED and factorial models of the BES.

Regarding concurrent and criterion-related validity, we tested the correlations between the SCBES score with the
BEDS-7 score as well as objective frequency of binge-eating episodes. Data revealed that there were high positive
correlations (r=0.760-0.782, p<0.001) between them, indicating a pretty good concurrent and criterion validity. This was

consistent with previous reports®**!

and supported the idea that the BES could be an effective tool for evaluating binge-
eating problems among Chinese college students.”* Moreover, objective weekly frequency of binge-eating episodes was

used for diagnostic evaluation of the SCBES. The ROC curve indicated an AUC of 0.935 (Figure 2), suggesting that the
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SCBES might significantly predict the moderate to extreme binge-eating problems (sensitivity=0.946, specificity=0.905),
with a cut-off score of 18. These data were similar to, but slightly better than, those in previous reports (ie, a sensitivity of
0.846-0.889 and a specificity of 0.818-0.949).%*2% Our study, along with previous studies, suggests that the BES is
suitable and valid for both clinical and non-clinical populations.**®

In this study, we conducted a multivariate linear regression analysis to examine the relations between demographics,
psychological variables, and SCBES scores. As expected, gender (female) and a higher BMI were the significant risk
factors associated with binge-eating behaviors.>*’” Furthermore, our data also revealed a significant relationship between
higher levels of depression and anxiety symptoms, as well as increased impulsivity traits, with higher SCBES total scores.
This further supports the current understanding that BED often co-occurs with mental health conditions such as mood
disorders, anxiety disorders, and impulse control disorders.*® By contrast, a higher level of self-control was associated with
a lower SCBES score, indicating an important role of the prefrontal cortex-dependent cognitive control implicated in the
development of BED, especially for the youths.*** More attention should be paid to these issues in the future.

Several limitations should also be noted. Firstly, our study had a cross-sectional design, which means that the findings
could not establish a causal conclusion. Therefore, future follow-up studies are still necessary. Secondly, the sample
primarily consisted of young adult college students from a single province in China; therefore, it may not represent the
entire population accurately. Our findings of this study should be carefully explained and examined in other samples and
cultures. Additionally, the participants were not diagnosed using the structured clinical interview, and all of the scales
used in this study were self-reported tools. As a result, the potential presence of subjective bias may impact the findings.
More objective and comprehensive measurements should be incorporated in future similar studies. Finally, although our
study presented a relatively new three-factor model of the BES, it remains unclear whether this model can be generalized
to clinical samples of BED or specific individuals with severe binge-eating problems. Further in-depth research is
necessary to test its feasibility.

Conclusions

Our study findings suggested that the SCBES demonstrated sound psychometric properties and exhibited good cross-
cultural adaptability in Chinese young adult college students. A novel three-factor model of this scale, which includes
Binge-eating behaviors, Lack of control, and Negative affects related to overeating, demonstrated the best fit for the
data. The SCBES appears to be an effective screening tool for identifying binge-eating issues among these Chinese
youths.
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