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Editorial on the Research Topic
Eating disorders and eating disorder awareness

Eating disorders, as highlighted by the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-V), represent a significant and growing concern within
the field of mental health. The four most prevalent eating disorders—Anorexia Nervosa,
Bulimia Nervosa, Binge Eating Disorder (BED), and Avoidant/Restrictive Food Intake
Disorder (ARFID)—are increasing, with some studies suggesting they have reached
“epidemic” status.

This Research Topic has attracted a considerable number of interesting papers,
covering diverse areas and utilizing a variety of approaches, including systematic reviews,
exploratory analysis, psychosocial profiles, validation of psychometric instruments,
interventions, and case studies. The research flow is comprehensive, addressing everything
from health literacy and dietary knowledge to the role of socio-cultural factors, the
relationship with body image, and subsequent implications for weight loss. The papers also
examine interventions such as written emotional disclosure, bariatric surgery, or plastic
surgery, as well as the evaluation of orthorexia, rounded out by interesting case studies.

Key findings from reviewed studies

Health literacy and sociodemographics

e The study “Eating disorders and health literacy in Germany” found that suspected
eating disorders were more likely in female adolescents than male adolescents, but
gender was not a determining factor in adults.

e The rate of suspected eating disorders increased with age in adolescents but decreased
with age in adults.

e While education levels were not related to suspected eating disorders, low social status
was associated with higher rates in adults, but not in adolescents.

e Inadequate or problematic health literacy and a negative body image were linked to
higher rates of suspected eating disorders compared to adequate health literacy and a
more positive body image.
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Dietary knowledge and psychosocial
factors

e Research on Chinese college students showed a significant
association between dietary knowledge based on the
Chinese Dietary Guidelines and adherence to healthy

This

reviews indicating that greater dietary knowledge tends

dietary behaviors. supports previous systematic
to lead to healthier eating patterns in American and
European populations.

e Among adolescents in Shandong Province, China, a higher
psychosocial score was associated with a greater likelihood of
maintaining a healthy dietary pattern.

e This

demographic factors, including age, sex, residence, parental

association remained consistent across various
education, and family wealth. However, the ownership of a
computer and access to the Internet modified the relationship

between the psychosocial profile and the healthy dietary score.

Body image and intentions

e The effect of body image on weight-loss intention among
college students can be direct or indirect, mediated
by self-efficacy and self-esteem (including a chained
intermediary role).

e Body image and self-efficacy both have a significantly
negative correlation with weight-loss intention. Conversely,
self-esteem has a significantly positive correlation with weight-
loss intention.

e A study on Chinese female university students found that body
shape and BMI directly influence eating disorder behavioral
intentions. The findings suggest that young Chinese women’s
eating disorder intentions are increasingly influenced by
external factors related to body shape and BML

e Sociocultural standards promoting idealized appearance and
the objectification of women’s bodies are consistently linked
to negative body image outcomes and an increased desire for
cosmetic surgery. Research suggests that body image flexibility
may act as a protective factor in reducing the desire for
cosmetic surgery.

Interventions and clinical complications

e Bariatric surgery is considered the most potent treatment for
obesity and is believed to alleviate the symptoms of food
addiction. A study of 78 patients found that bariatric surgery
significantly and rapidly reduces food addiction scores, with
improvements sustained for up to 2 years.

e While most food addiction symptoms remitted quickly,
social/interpersonal problems, hazardous use, and large
amount/longer use showed delayed improvement, suggesting
distinct mechanisms for behavioral persistence.

e A systematic review showed that written emotional disclosure
intervention is effective in alleviating eating disorder
symptoms and improving patients’ body image problems.

Frontiers in Nutrition
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e Scurvy, a rare disease caused by vitamin C deficiency,
can occur in individuals with restrictive eating disorders
like Anorexia Nervosa (AN), leading to severe health

with

scurvy often present with gastrointestinal, psychiatric,

complications.  Patients co-occurring AN and
and dermatological symptoms.

e The Chinese version of the Orthorexia Nervosa Inventory
(ONTI) was found to possess ** strong reliability and validity**,
making it a promising tool for assessing orthorexia tendencies

and behaviors.

Eating disorders in athletes

e The demanding physical requirements of football, which often
involve maintaining a specific physique, can lead to harmful
eating behaviors among professional female players due to
internal and external pressures.

e Cultural norms influence the prevalence and types of eating
disorders, with differences in eating habits, beauty standards,
and socio-cultural pressures affecting their development.

e A study on Polish and Turkish professional female football
players found no nationality-based differences in eating
disorder prevalence, but found the disorder to be widespread,
affecting about 40% of players.

e Nutritional status impacts ED risk, with higher risk found
among both underweight and overweight players.

e A case study of an orienteering athlete with Anorexia
Nervosa highlighted the critical importance of continuous

intervention, and a coordinated

monitoring, timely

multidisciplinary team in addressing eating disorders

in athletes.
Conclusion

This
effective

Research Topic underscores the significance of

communication among healthcare professionals
and the necessity for comprehensive treatment strategies
that include psychological, nutritional, and medical support
in eating disorders. The studies collectively highlight the
importance of early detection, suitable intervention, and the
prevention of long-term health complications for effective eating

disorder prevention.
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Research on the influence of
body image on college students’
weight-loss intention: chained
intermediary analysis of
self-efficacy and self-esteem

Ouyang Yiyi'?, Xiong Xue?*, Luo Jiong* and Zhang Yanhui?

!School of Economics and Management, Chengdu Sport University, Chengdu, China, ?College of
Physical Education, Chongging University of Posts and Telecommunications, Chongging, China,
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Purpose: This paper aims to explore the relationship between body image,
self-efficacy, self-esteem, and weight-loss intention among college students,
offering insights to promote healthy and confident lifestyle habits.

Methods: Undergraduate students from western China were selected using a
stratified random sampling method. Data were analyzed using SPSS 19.0 and
AMOS 21.0 statistical software.

Results: (1) Body image showed a significantly positive correlation with self-
efficacy and self-esteem but a negative correlation with weight-loss intention.
Self-efficacy exhibited a significantly positive correlation with self-esteem
and a negative correlation with weight-loss intention, while self-esteem was
significantly negatively correlated with weight-loss intention. (2) Body image
directly impacted weight-loss intention [Effect Size (ES) = —0.120]. Self-efficacy
(ES=-0.069) and self-esteem (ES =-0.119) played significant mediating roles
between body image and weight-loss intention, respectively. (3) The chained
intermediary role of self-efficacy and self-esteem also reached significance
(ES=-0.038).

Conclusion: Body image conducts effect on the degree of weight-loss
intention among college students through direct ways or indirect ways such
as the intermediary role of self-efficacy and self-esteem, and also the chained
intermediary role of self-efficacy and self-esteem. In addition, self-esteem is
another key factors affecting college students’ weight-loss intention.

KEYWORDS

body image, self-efficacy, self-esteem, weight-loss intention, intermediary effect

Introduction

Body image refers to an individual’s cognitive picture of their physical appearance,
comprising both objective perceptions and subjective evaluations of various bodily
characteristics. This multifaceted cognitive picture encompasses dimensions such as
appearance, body shape, physical abilities, and overall health condition. Importantly, the level
of self-awareness regarding body image is known to significantly impact emotional states and
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health-related behaviors, such as weight control, social adaptation,
stress management, personal development, and interpersonal
interactions (Wang et al, 2017). In today’s world with highly
developed online media, people often focus on their own body shape
and appearance, while easily overlooking their health. Excessive
exposure to styles like “slender figures” and “perfect bodies” publicized
by media can lead to low body satisfaction. It is precisely because of
this decline in body satisfaction that various weight-loss concepts
emerge. Thus, some people may even resort to unhealthy weight-loss
methods to improve negative body image. In this case, the risk of
chronic diseases and psychological disorders is increased (Wei et al.,
2012; Gillen, 2015; Andrew et al., 2016; Sun et al., 2017).

Weight-loss intention refers to various motivations that individuals
derive when dissatisfied with their body shape such as the motivation
to lose weight through exercise, dieting, or undergoing liposuction
surgery at a cosmetic clinic (Huang et al., 2014; Lin and Lin, 2016).
Relevant studies have found a strong correlation between individual
body satisfaction and weight-loss intention. The more positive one’s
body image, the lower their degree of weight-loss intention. Conversely,
individuals dissatisfied with their body image or holding negative
perceptions are more likely to initiate weight-loss intention and
behaviors (Sun et al., 2017; Liu et al., 2019). Weight-loss behaviors come
from weight-loss motivations and intention, both of which are then
influenced by individuals’ cognitive processes, evaluations, and attitudes
toward themselves. People with higher weight-loss motivation and
intention are more likely to adopt extreme weight-loss methods and are
at greater risk of exacerbating eating disorder symptoms (Ouyang et al.,
2023). According to problem-behavior theory, an individual’s behavior
should be studied from a developmental perspective and through the
interaction of personality, environment, and behavior systems. An
individual may exhibit different behaviors based on their environment,
and similarly, the environment may have different effects on behavior
depending on the individual (Jessor, 1987). Recent researches (Annesi,
2018; Hopkins and Bennett, 2018; Robertson et al., 2020) have pointed
out that self-efficacy influences weight-loss intention, with higher self-
efficacy associated with lower weight-loss intention, while lower self-
efficacy associated with higher weight-loss intention. Self-efficacy refers
to one’s subjective prediction of their abilities to accomplish a specific
task. It also represents the tendency for individuals to judge and feel
whether their actions can achieve a certain goal. It includes three
meanings: firstly, it belongs to the category of ability perception but is
not equivalent to actual abilities; secondly, it involves expectations
about whether a particular goal can be achieved before engaging in an
activity; thirdly, it means a subjective judgment of one’s ability to reach
a goal (Ouyang et al,, 2020). Meanwhile, some scholars have proposed
that positive body image can effectively enhance self-efficacy, which in
turn can mitigate and reduce the degree of weight-loss intention
(Annesi and Mareno, 2015; Pan and Pefia, 2017; Talleyrand et al., 2017;
Soheila etal., 2018; Ouyang et al., 2021). This seems to have proved that
body image may exert an influence on weight-loss intention through
self-efficacy, potentially indicating an intermediary role of self-efficacy
between body image and weight-loss intention.

Additionally, contemporary college students are particularly
susceptible to internalizing the ideal “thin” body shape promoted by the
media and the associated values. This makes them more likely to develop
negative self-evaluations of their appearance, tending to view themselves
as objects of others’ judgment, and neglecting their self-worth and
internal feelings, which in turn leads to decreased self-esteem (Ouyang
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et al,, 2021). Self-esteem refers to one’s positive or negative attitudes
toward themselves, which can be both comprehensive and specific
(Hiilya et al., 2006). One may evaluate qualities of its own separately, or
integrate these qualities to give an overall assessment. Therefore, self-
esteem is an emotional assessment that individuals make about
themselves, serving as a crucial indicator of whether health behaviors
will be implemented. What's more, it correlates well with the degree of
weight-loss intention. Individuals with lower self-esteem often suffer
from depression and anxiety, leading to an increase in weight-loss
intention (Zhu et al., 2005; Margaret et al., 2017; Peng et al., 2017;
Kamody et al., 2018). Based on relevant studies, body image is a
significant factor influencing self-esteem among college students, with a
positive predictive effect. Compared to college students with higher levels
of body image, those with lower levels tend to spend more time on their
bodies and comparing themselves with others. This behavior contributes
to negative emotions and a decrease in self-esteem, thereby increasing
weight-loss intentions among college students (Kamody et al., 2018;
Ouyang et al,, 2020). Furthermore, self-esteem is influenced by social
values, the degree of importance attached to certain matters, and the
evaluations individuals receive. Excessive social publicity of ideal body
will strengthen college students’ focus on body shape, leading to an
imbalance in their expectations of their bodies and then resulting in
negative emotions and low self-esteem (Klomsten et al., 2004; Borges
etal, 20105 Lian, 2012; Koronczai et al., 2013), driving an increase in
weight-loss intention (Yigiter, 2014). Consequently, body image can
influence weight-loss intention through self-esteem. To potentially
reduce weight-loss intention among college students, it is important to
both promote a healthy body image and address the improvement of
self-esteem levels. This suggests that self-esteem may play an
intermediary role between body image and weight-loss intention. At the
same time, other studies have shown that self-efficacy has a positive
influence on the self-esteem, which means individuals with higher self-
efficacy tend to have stronger confidence (Cao and Zhang, 2018; Liao
etal, 2019). Although self-efficacy primarily emphasizes an individual’s
evaluation of their own abilities and self-esteem pertains to the evaluation
of self-worth, enhancing self-efficacy can help increase a sense of control,
thereby improving self-evaluation. Therefore, an increase in self-efficacy
can enhance self-esteem. Further studies (Nock et al., 2016; Ouyang
etal, 2023; Pyykko et al., 2023) have demonstrated that as individuals’
self-efficacy improves, their self-esteem is likely to increase, which in turn
reduces weight-loss intention.

In conclusion, body image, self-efficacy, and self-esteem are all
significant factors influencing weight-loss intention, with each of these
factors being important negative predictors of weight-loss intention.
Body image can effectively enhance college students’ self-efficacy and
self-esteem, thereby reducing their weight-loss intention. Moreover,
there is a positive correlation between self-efficacy and self-esteem.
This may indicate that positive body image of college students can
enhance self-efficacy, leading to the development of stable self-esteem.
Could this be a key factor in inhibiting weight-loss intention?
However, previous research has rarely explored the relationship
between “body image + self-efficacy + self-esteem + weight-loss
intention,” particularly the lack of in-depth investigation into whether
a chain mediating mechanism exists between “self-efficacy + self-
esteem.” Based on this, our research constructs a chain mediation
model of body image, self-efficacy, self-esteem, and weight-loss
intention, and integrates body image, self-efficacy, and self-esteem as
personality systems to examine their effects on weight-loss intention,
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to reveal the relevant mechanisms affecting weight-loss intention of
college students and better promote the development of healthy and
confident habits among college students, thus providing practical
references for enhancing their physical and mental health. Therefore,
the following hypotheses are proposed: (1) self-efficacy mediates body
image and weight-loss intention; (2) self-esteem mediates body image
and weight-loss intention; and (3) self-efficacy and self-esteem act as
a chain mediator between body image and weight-loss intention.

Subjects and methods
Subjects

The survey was conducted with students enrolled in a
comprehensive university in western China. First, the students were
classified according to subject categories and grades, and then 1,000
students were randomly selected. With the help of physical education
teachers and college counselors and the approval of the Ethics
Committee, the selected subjects were investigated anonymously. A
total of 1,000 questionnaires were distributed, and 887 valid
questionnaires were recovered. The effective recovery rate of the
questionnaire was 88.7%. The basic sample information is as follows
(shown in Table 1): the participants include 472 male students and 415
female students with an average age of 20.91+ 1.39years, height of
172.19+8.08 cm, weight of 65.88+11.36kg, and Body Mass Index
(BMI) of 22.13+2.92. This effective recovery rate was 82%. Among
them, there are 234 freshmen, 322 sophomores, 245 juniors, and 197
seniors. The individual BMI values were converted according to BMI
formula: BMI=weight (kilograms)/height (square meters). According
to college students’ physical fitness BMI standard published by the
Ministry of Education (Chen et al., 2019), the authors divided them into
three groups by BML: lightweight group (BMI<20kg/m?*) with 217
samples, normal-weight group (BMI=20-25kg/m?) with 486 samples,
and overweight group (BMI>25kg/m?) with 184 samples.

Research methods
Questionnaire survey

This is a descriptive study with a structured questionnaire as the
research tool, and all data are obtained from questionnaires. To ensure

TABLE 1 Basic information of the sample (N = 887).

‘ n ‘ %
Gender Male 472 53.21
Female 415 46.79
Grade Freshmen 234 26.38
Sophomore 211 23.79
Junior 245 27.62
Senior 197 20.74
BMI Lightweight group 217 24.46
Normal-weight group 486 54.79
Overweight group 184 20.74

The average age is 20.91 + 1.39 years, height of 172.19 +8.08 cm, weight of 65.88+11.36kg.
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the preciseness and effectiveness of the research, a two-stage
questionnaire survey approach was employed. Specifically, the
procedure involved generating a preliminary draft based on the content
of the research and the reference to a large number of research
documents. Subsequently, a small-scale survey involving 200
participants was conducted, during which normality distribution,
reliability analysis, and exploratory factor analysis were examined. Items
with minimal contribution were eliminated, followed by structural
model validation. Finally, the questionnaire is divided into five parts.

(1) Personal background information: This component covers the
basic background information on the subject’s gender, grade,
height, weight, BMI, etc.

Body image scale: Mainly refers to the Multidimensional Body-
Self Relations Questionnaire (MBSRQ) edited by Cash et al.
with a total of 37 items (Cash et al., 1990). The scale is compiled

»

by the Likert five-point scale. The options “Totally Agree,” “Very

@

»

Agree,

»

Not Sure,
count as 5,4, 3, 2, and 1 scores, respectively. The higher the total

Very Disagree,” and “Totally Disagree”

scores, the more positive is the perceived body image. The
verification results of the measurement model of the scale are
as follows: the parameter values of X*/DF=1.539; Adjusted
Goodness-of-Fit Index (AGFI), Comparative Fit Index (CFI),
Tucker-Lewis Index (TLI), Incremental Fit Index (IFI),
Goodness-of-Fit Index (GFI), and Root Mean Square Error of
Approximation (RMSEA) are 0.945, 0.981, 0.987, 0.971, 0.976,
and 0.049, respectively, which meets the acceptable standards
and shows that the model fits well with the data obtained from
the survey, and the scale has a good structure validity. The three
dimensions are composed of physical fitness evaluation, weight
concern, appearance adaptation, appearance evaluation, and
health evaluation. Cronbach’s & values of the whole-body image
scale and all its dimensions are greater than 0.70 (0.79-0.91),
which fully confirms the good reliability of the scale. Therefore,
the body image scale has good reliability and validity.
(3) Self-efficacy scale: Mainly refers to the General Self Efficacy
Scale (GSES) complied by Wang et al. (2001) with a total of 10
questions. The options “Totally Wrong,” “Basically Right,”
“Almost Right,” and “Absolutely Right” count as 1, 2, 3, and 4
scores, respectively. The higher the total scores, the better is the
general self-efficacy of an individual. The verification results of
the measurement model of the scale are as follows: the
parameter values of X*/DF=1.609; AGFIL, CFI, TLI, IFI, GF],
and RMSEA are 0.931, 0.928, 0.962, 0.954, 0.946, and 0.036,
respectively, which meets the acceptable standards and shows
that the scale has a good structure validity. Cronbach’s o values
of the whole self-efficacy scale are equal to 0.82, which fully
confirms the good reliability of the scale. Therefore, the self-
efficacy scale has good reliability and validity.
Self-esteem scale: Mainly refers to the Self-esteem Scale complied
by Rosenberg (Tian, 2006), and translated and revised to get 10
questions finally. The four options from “Totally Disagree;” to
“Totally Agree” count as 1 to 4 scores, respectively, in which
questions 2, 5, 6, 8, and 9 are reversed questions and will
be scored in reverse. The verification results of the measurement
model of the scale are as follows: the parameter values of X?/
DF=1.639; AGFI, CFI, TLI, IFI, GF], and RMSEA are0.943,
0.991, 0.980, 0.991, 0.979, and 0.051, respectively, which meets
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the acceptable standards and shows that the scale has a good

structure validity. The two dimensions are composed of self-

acceptance and self-negation. Cronbachs o values of the whole

self-esteem scale and all its dimensions are greater than 0.70

(0.74-0.80), which fully confirms the good reliability of the scale.

Therefore, the self-esteem scale has good reliability and validity.
(5) Weight-loss intention scale: The weight-loss motivation
subscale in the eating disorder inventory (EDI) adapted from
Garner et al. (1983), with an additional statement from the
author (“T am willing to lose weight”), totaling 6 questions. The
subject expressed his/her weight-loss intention by scoring
Likert five-level interval scale (5=Strongly agree: 1= Strongly
disagree). The higher the score was, the stronger the weight-
loss intention would be represented. The verification results of
the measurement model of the scale are as follows: the
parameter values of X*/DF=1.561; AGFI, CFI, TLI, IFI, GF],
and RMSEA are 0.997, 0.994, 0.981, 0.992, 0.997, and 0.026,
respectively, which meets the acceptable standards and shows
that the scale has a good structure validity. Cronbach’s « values
of the whole weight-loss intention scale are 0.73, which fully
confirms the good reliability of the scale. Therefore, the weight-
loss intention scale has good reliability and validity.

Statistical analysis

Data obtained in this study was analyzed using SPSS19.0 and
AMOS 21.0 software packages. The statistical methods included
descriptive statistics, Kolmogorov-Smirnov test, reliability analysis,
exploratory factor analysis, Harman single factor test, correlation
analysis, structural equation model, Bootstrap analysis, etc. The
significance level of all variables was set as o= 0.05.

To ensure the rigor of the research, before data analysis began, it
was necessary to test the normal distribution of all variables in the
pre-test and formal test. By using the Kolmogorov-Smirnov Test, it
was determined that all the continuous variables in the pre-test and
normal test conformed to a normal distribution (All the p values were
significantly higher than 0.05).

This research uses Harman single-factor test to test the possible
common method biases. The results show that the characteristic roots
of a total of 14 factors are greater than 1, among which the largest
factor explained variance is 21.11%, far from the critical standard of
40%. The research is less likely to be affected by common method
biases, which is within the acceptable range.

Results

Related analysis on college students’ body
image, self-efficacy, self-esteem, and
weight-loss intention

Pearson correlation was used to analyze the correlation coefficients
among body image, self-esteem, self-efficacy, and weight-loss
intention (see Table 2). The results show that in the structure of
physical fitness evaluation, appearance adaptation, appearance
evaluation, weight concern, health evaluation, and self-esteem,
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self-acceptance and self-negation are positively correlated.
Additionally, in this structure both self-acceptance and self-negation
are all positively correlated with self-efficacy. However, self-acceptance
and self-negation are all negatively correlated with weight-loss
intention, while self-efficacy is inversely correlated with weight-loss
intention. Furthermore, correlation analyses between demographic
variables and research variables reveal that gender, grade, and BMI
show no significant correlations with the variables of this research.
Therefore, they are not controlled for in the hypothesis testing process.
The results of the correlation analyses provide the foundation for

testing subsequent hypotheses.

Model validation analysis of college
students’ body image, self-efficacy,
self-esteem, and weight-loss intention

To investigate the relationship between body image and self-
esteem, self-efficacy, and weight-loss intention and examine the
intermediary role of self-esteem and self-efficacy and according to the
intermediary effect testing process proposed by Wen and Ye (2014),
this research adopts AMOS to make a structural equation model
analysis on the relationship among body image, self-efficacy, self-
esteem, and weight-loss intention. Take for example Figure 1 after the
model has been modified, and the model fit indexes are: X%/
DF=1.304<2.000, CFI=0.998, GF1=0.994, AGFI=0.984, TLI=0.995,
and IF1=0.998, all of which are >0.900 and RMSEA =0.019 <0.080,
showing that the model can be built up.

From the findings, it is evident that from the standardized path
coeflicient f and significance level in the mixed model structure in
Figure 1 that body image has a significantly positive predictive effect
on self-efficacy and weight-loss intention (f=0.36***, p<0.001;
f=0.33***, p<0.001), while body image has a significantly negative
predictive effect on weight-loss intention (f=-0.12**, p<0.01).
Additionally, both self-efficacy and self-esteem demonstrate significant
negative predictive effects on weight loss intentions (f=—0.19%*%,
p<0.001; p=-0.36***, p<0.001, respectively). Moreover, self-efficacy
positively predicts self-esteem significantly (p=—0.30***, p<0.001).

To verify the intermediary effect of self-efficacy and self-esteem on
body image and weight-loss intention, the research adopts a
non-parametric percentile Bootstrap process to make a significance
test on intermediary effect. Five thousand samples were taken
repeatedly from the original data to calculate a 95% Confidence
Interval (CI). If the standardized path coefficient 95% CI does not
include 0, that means the intermediary effect is significant. The 95%
CI of the chained intermediary effect of body image from self-efficacy,
self-esteem, to weight-loss intention is from —0.049 to —0.020; that of
body image from self-efficacy to weight-loss intention is from —0.099
to —0.047; that of body image from self-esteem to weight-loss
intention is from —0.152 to —0.076. The three intervals mentioned
earlier do not include 0, which shows each intermediary effect is
significant. Further decomposing the effects of each variable on
weight-loss intention, as shown in Table 3, the direct effect of body
image on weight-loss intention is —0.120. The total intermediary effect
(—0.226) is the sum of the intermediary effects of the three paths,
which represents the total indirect effect. The sum of the direct effect
and the total intermediary effect is the total effect, which is —0.346.
The effect sizes of the three intermediary paths in this research are
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TABLE 2 Related analysis on college students’ body image, self-efficacy, self-esteem, and weight-loss intention (N = 887; *p <0.05; **p <0.01;

Gender Grade BMI PFE 2\D) AE wcC HE SA SN SE WLI
Gender - 1.00
Grade - 0.01 1.00
BMI 22.13+2.92 0.01 0.02 1.00
PFE 29.20 £9.90 0.03 0.04 0.03 1.00
AD 10.71 + 4.08 0.04 0.01 0.01 0.57%k% 1.00
AE 13.62 £ 5.27 —0.03 0.02 0.01 0.53%s#% 0.487%%* 1.00
wC 10.62 +3.95 —0.02 0.03 0.03 0.52%#% 0.47%%% 0.54%%* 1.00
HE 13.31 £4.01 0.01 0.01 0.04 0.43%5%% 0.49%** 0.467%%* 0.54%%* 1.00
SA 13.11 +£2.89 0.01 0.03 0.03 0.23%::% 0.25%3 0.33%3 0.197%:3 0.25%% 1.00
SN 15.63 +2.84 0.01 0.02 0.01 .22k 0217 0.247%5%% 0.237%3% 0.17%3%% 0.55%3% 1.00
SE 2491 +5.68 —0.02 0.03 0.01 0.277#%% 0.247#%* 0.227%%% 0.297#%* 0.28%#7#%* 0.31%%%* 0.307%%* 1.00
WLI 13.90 +£5.72 0.04 0.03 0.01 —0.28%s## —0.20%#% | —0.35%#% | () 24%k* —0.26%#* —0.33%#% | —0,39%%* | ( 37%kE 1.00

PFE, physical fitness evaluation; AD, appearance adaptation; AE, appearance evaluation; WC, weight concern; HE, health evaluation; SA, self-acceptance; SN, self-negation; SE, self-efficacy;

WLI, weight-loss intention.

calculated by dividing each intermediary effect value by the total
effect. They are 10.98, 19.94, and 34.39%, respectively.

Discussion

Influence of body image on weight-loss
intention

This research finds that body image has a significantly negative
predictive effect on weight-loss intention. This result indicates that
individuals with more positive body image tend to have lower weight-
loss intention, which is consistent with the findings of scholars such as
Sun et al. (2017) and Liu et al. (2019). Related research suggests that
college students are easily exposed to social and cultural pressure and
tend to internalize the ideal images promoted by the media, using these
media standards as their own. Excessive exposure to ideal body image
can lead to lower body image satisfaction. Those who do not meet these
standards are likely to develop varying degrees of weight-loss intention
and engage in weight-loss behaviors (e.g., dieting, taking weight-loss
products, excessive exercise) to conform to these standards (Hou and
Lu, 2008; Wei et al., 2012; Kvardova et al., 2020; Marks et al., 2020). In
addition, influenced by factors such as family, peers, and media, weight-
loss behaviors have become a trend and fashion. Slim and slender
figures are highly favored and acknowledged by adolescents, leading
them to adopt various weight-loss methods in pursuit of the ideal slim
body shape. However, unreasonable weight-loss methods can cause
both physical and psychological harm to adolescents. Furthermore,
some scholars argue that adolescents tend to have a cognitive bias
between actual body weight and ideal body weight. They often perceive
their actual body weight to be heavier than their ideal body weight,
leading to a heightened focus on appearance and the pursuit of a
rational slim body shape and body image. This ultimately results in a
decrease in adolescents’ body image and an increase in obesity anxiety
(Sun etal., 2013; Cao et al., 2014; Huang and Liu, 2019). Liu et al. (2019)
also believed that body image can negatively predict the degree of
weight-loss intention among college students. The lower college
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students’ satisfaction with their body image, the higher their weight-loss
intention. Therefore, body image is an important factor influencing the
degree of weight-loss intention among college students, and there is a
negative predictive effect between body image and weight-loss intention.

Intermediary effect of self-efficacy

This research finds that body image has a significant positive effect
on self-efficacy. This result indicates that people with more positive body
image tend to have higher self-efficacy, whereas those with more
negative body image tend to have lower self-efficacy. This result is
basically consistent with the findings of the research of Stockton et al.
(2009) and Ouyang et al. (2020). Meanwhile, studies have also confirmed
that college students’ body image can positively predict the level of self-
efficacy, and the more positive the body image of college students, the
higher their self-efficacy (Wu et al., 2006; Annesi, 2019). This study also
finds that self-efficacy has a significant negative effect on the weight-loss
intention, which indicates that the higher the self-efficacy of college
students, the lower the weight-loss intention. Indeed, it proves the
research findings of Annesi, Hopkins and Robertson that there is a
significant negative correlation between self-efficacy and weight-loss
intention, with college students who have higher self-efficacy tending to
have lower weight-loss intention, and those with lower self-efficacy
tending to have higher weight-loss intention (Annesi, 2018; Hopkins
and Bennett, 2018; Robertson et al., 2020). This study also finds that
body image can negatively affect weight-loss intention both directly and
indirectly through the intermediary effect of self-efficacy, indicating that
a positive body image can enhance one’s cognitive evaluation of their
body, thus promoting self-efficacy among college students (Zhang et al.,
2015). As self-efficacy increases, individuals tend to have more positive
self-evaluations, effectively improving college students’ perceptions and
evaluations of their own body image, leading to increased self-
acceptance and subsequently reducing weight-loss intention (Annesi
and Mareno, 2015; Pan and Peiia, 2017; Talleyrand et al., 2017; Soheila
etal, 2018; Ouyang et al., 2021). Therefore, body image can influence
weight-loss intention through self-efficacy.
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FIGURE 1

Model fitting Indexes
XYt CFI GFI AGFI TLI IFI RMSEA
1304 0998  0.994 0.984 0.995 0.998 0.019

Path analysis diagram and model fit test of body image, self-efficacy, self-esteem, and weight-loss intention. PFE, physical fitness evaluation; AD,
appearance adaptation; AE, appearance evaluation; WC, weight concern; HE, health evaluation; SA, self-acceptance; SN, self-negation; SE, self-
efficacy; WLI, weight-loss intention; Bl, Body image; SES, self-esteem; SE, self-efficacy.

TABLE 3 Path and effect decomposition table of body image on weight-loss intention.

Path relationship Effect = Bootstrap Bootstrap Relative intermediary
size SE 95%Cl effect (%)
Direct effect Body image—weight-loss intention —0.120 0.026 [-0.175, —0.071] 34.68
Indirect effect Body image— self-efficacy— self-esteem—weight-loss —0.038 0.007 [—0.049, —0.020] 10.98
intention
Body image— self-efficacy—weight-loss intention —0.069 0.013 [-0.099, —0.047] 19.94
Body image— self-esteem—weight-loss intention —0.119 0.019 [-0.152, —0.076] 34.39
Total intermediary —0.226 0.031 [-0.280, —0.156] 65.32
effect

In conclusion, combined with the Bootstrap test program for
intermediary effect, the first hypothesis that self-efficacy plays an
intermediary role between body image and weight-loss intention is
true. Therefore, in order to promote the correct and positive body
image, college students can not only directly improve their weight-loss
intention, but also indirectly affect their weight-loss intention through
increasing self-efficacy.

Intermediary effect of self-esteem

This research finds that body image has a significant positive
effect on self-esteem, indicating that the more positively
individuals perceive their body image, the higher their self-esteem
tends to be, and vice versa. This is consistent with the findings of
Borges, Guo, Peng, and Zheng: body image has a significant
positive predictive effect on self-esteem (Borges et al., 2010; Guo
2017; Peng et al., 2017; Zheng et al., 2019). Scholars such as
Kamody, Koronczai, Leng and Zhang argue that adolescent body

et al.,

image is a crucial factor influencing self-esteem (Koronczai et al.,
2013; Zhang et al., 2015; Kamody et al., 2018; Leng et al., 2020).
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Moreover, body image serves as a reliable predictor of both
physical self and self-esteem. Positive body image tends to
be associated with a heightened sense of body value and positive
emotions, which can enhance adolescents’ self-esteem, confidence,
and self-acceptance. Conversely, negative body image is linked to
a diminished sense of body value and extreme depressive emotions,
leading to lower self-esteem, lack of confidence, and self-negation.
Furthermore, college students are more likely to be influenced by
societal values, the importance they place on certain issues, and
evaluations. Excessive societal promotion of ideal body standards
increases their focus on body shape, leading to an imbalance
between their body expectations and reality, resulting in negative
emotions and low self-esteem (Christine et al., 2020; Ouyang et al.,
2023). This study also finds a significant negative impact of self-
esteem on weight-loss intention. Individuals with low self-esteem
tend to pay more attention to their body shape, leading to stronger
weight-loss intentions. Conversely, those with high self-esteem feel
more confident and acceptive of their body shape, resulting in
reduced weight-loss intention. These research results have just
proved those of Bruin, Lai, and Lei, who suggest that self-esteem
is an emotional evaluation individuals have of themselves, serving
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as a crucial factor in predicting the implementation of health
behaviors (Lei et al., 2005; Lai et al., 2006; Bruin et al., 2009).
Research also suggests that self-esteem is a crucial factor in
mitigating weight-loss intention among college students. Those
with high self-esteem are more confident in their body shape,
which reduces their weight-loss intention, whereas those with low
self-esteem are less confident and thus have a stronger weight-loss
intention. Therefore, the level of self-esteem in college students can
effectively reflect the degree of their weight-loss intention
(Margaret et al., 2017; Cao and Zhang, 2018; Kamody et al., 2018;
Christine et al., 2020; Selensky and Carels, 2021). This study also
finds that body image can indirectly influence weight-loss
intention through the intermediary effect of self-esteem. Klomsten
and Lian agree that body image is the most powerful predictor of
overall self-esteem that in turn negatively impacts weight-loss
intention (Lian, 2012; Koronczai et al., 2013). Meanwhile, research
has also confirmed that an increasing number of college students,
due to dissatisfaction with their body shape, often experience
depression, anxiety, and negative body image, which leads to a
decrease in self-esteem. This dissatisfaction drives them to alter
their body image to align with current esthetic standards, thereby
increasing their weight-loss intention (Yigiter, 2014). Conversely,
college students with a more positive body image typically have
higher self-esteem and lower weight-loss intention (Margaret et al.,
2017; Peng et al., 2017; Christine et al., 2020; Selensky and Carels,
2021). Therefore, body image can influence weight-loss intention
through self-esteem.

In conclusion, combined with the Bootstrap test program for
intermediary effect, the second hypothesis that self-esteem plays an
intermediary role between body image and weight-loss intention is
true. Positive body image among college students can enhance self-
esteem, and stable self-esteem plays a crucial role in inhibiting weight-
loss intention. Therefore, in addition to directly improving weight-loss
intention, body image can also indirectly influence them by increasing
self-esteem.

Chained intermediary effect of self-efficacy
and self-esteem

This research shows through the results of the Bootstrap test
program for the intermediary effect that body image can affect
college students’ weight-loss intention through self-efficacy, which
affects through part of the intermediary effect of self-esteem. This
verifies Hypothesis 3 that self-efficacy and self-esteem play a
chained intermediary role between body image and weight-loss
intention, showing that individuals with lower body image are
more likely to have lower self-efficacy, leading to lower self-esteem
and even self-negation in promoting the college students’ weight-
loss intention. On the contrary, individuals with higher body image
tend to enhance self-efficacy among college students, thereby
boosting self-esteem and fostering a stronger self-acceptance,
which in turn can effectively suppress weight-loss intention among
college students. As previous research has already confirmed, both
self-efficacy and self-esteem serve as mediators between body
image and weight-loss intention. Furthermore, previous studies
have proved the correlation between self-efficacy and self-esteem,
indicating that higher levels of self-efficacy positively influence an
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individual’s self-esteem, while lower levels of self-efficacy may
hinder it (Wang et al., 2016; Ouyang et al., 2021). Additionally,
scholars have found (Nock et al., 2016; Ouyang et al., 2023; Pyykko
et al.,, 2023) that as college students’ self-efficacy increases, it
positively promotes their self-esteem, which in turn reduces
weight-loss intention. This supports the fact that an improvement
in body image among college students can enhance their self-
efficacy, leading to stronger self-esteem and a subsequent reduction
in weight-loss intention. Conversely, a decline in body image has
the opposite effect. Therefore, college students’ body image
negatively impacts their weight-loss intention through the chain
mediation effect of self-efficacy and self-esteem.

In conclusion, body image can directly impact weight-loss
intention, as well as indirectly influence them through the
intermediary effects of self-efficacy, self-esteem, and the chained
intermediary effect of self-efficacy and self-esteem. These findings
provide theoretical foundations for establishing a positive body image
among college students. Meanwhile, they offer important practical
insights for promoting self-efficacy and self-esteem, and reducing
unhealthy weight-loss behaviors among college students.

Conclusion and limitation
Conclusion

Body image has a significantly positive correlation on self-efficacy
and self-esteem, and has a significantly negative correlation on weight-
loss intention; self-efficacy has a significantly positive correlation on
self-esteem, and has a significantly negative correlation on weight-loss
intention, and self-esteem has a significantly positive correlation on
weight-loss intention; meanwhile, self-efficacy and self-esteem can
have an intermediary effect on body image and weight-loss intention,
and “self-efficacy + self-esteem” also have a chained intermediary
effect on body image and weight-loss intention.

Limitation

There are still some limitations in this study. Firstly, this study
is cross-sectional, meaning it cannot determine causal relationships
between variables or establish temporal order. Compared to
longitudinal data, this approach might lead to different estimates
and conclusions. Therefore, future research could use longitudinal
tracking studies to explore clearer causal relationships between
variables and address these issues, aiding in further testing of the
chain mediation model proposed in this study. Secondly, this study
did not specifically screen college students for obesity (whether
they are seeking treatment), depressive symptoms, or eating
disorders, but it is hoped that future research can aim to address
these limitations to provide a more comprehensive understanding.
Finally, numerous factors influence undergraduates’ weight-loss
intention. The effects of body image, self-efficacy and self-esteem
on weight-loss intention are the only ones which are considered in
this study. It is hoped that more external or psychological factors
are supported to be used to explore the weight loss issue of
undergraduates in the future, in purpose to help them develop
healthy and confident lifestyles.
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Scurvy, a rare disease resulting from vitamin C deficiency, can occur in
individuals with restrictive eating disorders like anorexia nervosa (AN), leading
to severe health complications. This review explores the complex relationship
between scurvy and AN, highlighting the overlapping symptoms and challenges
in diagnosis and treatment. Vitamin C is essential for collagen synthesis, immune
function, and neurotransmitter production, and its deficiency manifests as
fatigue, gingival bleeding, joint pain, and perifollicular hemorrhages. AN
exacerbates these symptoms through extreme food restriction, causing severe
nutritional deficiencies. Analyzing nine case reports, this review reveals that
patients with co-occurring AN and scurvy often present with gastrointestinal,
psychiatric, and dermatological symptoms. Treatment with vitamin C
supplementation typically results in rapid symptom improvement. However,
the malnutrition inherent in AN complicates the clinical picture, making timely
diagnosis and intervention crucial. This review underscores the importance of
a comprehensive, multidisciplinary approach to managing these conditions,
emphasizing the need for early recognition and treatment to prevent severe
complications. Future research should include a more diverse patient population
to enhance understanding of the interplay between AN and scurvy, aiming to
improve patient outcomes through tailored treatment strategies.

KEYWORDS

vitamin deficiencies, scurvy, anorexia nervosa, eating disorders, vitamin C deficiency,
diagnosis and treatment

1 Introduction

Scurvy is a rare condition resulting from a deficiency of vitamin C, also known as ascorbic
acid. It was first identified in the 18th century by British naval surgeon James Lind, who
discovered that citrus fruits could prevent and treat the disease among sailors (1, 2). Vitamin
C serves as a cofactor in the biosynthesis of collagen, a structural protein essential for the
maintenance and repair of connective tissues, including skin, blood vessels, bones, and
cartilage (3). It acts as a reducing agent, donating electrons to specific enzymes that hydroxylate
proline and lysine residues in procollagen (3). This hydroxylation allows stabilization and
initiation of cross-linking in collagen fibers, providing tensile strength and structural integrity
to tissues (3, 4). Therefore, the lack or weakened tensile strength of collagen fibers from
vitamin C deficiency explains most of the symptoms observed in patients with scurvy.
Moreover, vitamin C has a plethora of other auxiliary functions in the human body. It is
involved in the synthesis of neurotransmitters, such as norepinephrine and serotonin, serving
a cofactor for the enzymes dopamine B-hydroxylase and tryptophan hydroxylase (1, 3).
Furthermore, vitamin C is required for the synthesis of carnitine, a transport molecule of fatty
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acids into mitochondria for energy production (5). Vitamin C has
antioxidant ability, protecting cells from damage by free radicals and
regenerating other antioxidants like Vitamin E back to their active
forms (2, 4). Finally, Vitamin C plays a role in immune function by
stimulating production and function of white blood cells (6).

Early signs of scurvy include fatigue, malaise, and inflammation
of the gums, progressing to more severe symptoms if untreated (1).
Traditionally, scurvy is characterized by symptoms such as anemia,
gingivitis, skin hemorrhages, joint pain, and swelling (1, 2). Other
signs include bleeding gums and the loosening of teeth, often
accompanied by perifollicular hemorrhages-tiny blood spots around
hair follicles (7). These symptoms are among the first indicators that
facilitate the diagnosis and subsequent treatment of the disease.
Scurvy-induced skin lesions are characterized by the appearance of
petechiae, purpura, and bruising, particularly in areas subjected to
mechanical pressure such as the legs (7). The skin may become rough
and dry, eventually leading to hyperkeratosis and hair follicle
abnormalities. If left untreated, the skin will exfoliate, and the
condition can become life-threatening. Other symptoms, such as
general weakness may also be observed as secondary complications if
scurvy persists without intervention. These symptoms result from the
impaired function of collagen-dependent tissues and the body’s
inability to repair itself adequately (1, 2). The histopathological
features of scurvy are often non-specific but can include fragmented
collagen fibers, capillary fragility, and minimal inflammatory infiltrate
(8). These features contribute to the widespread hemorrhages seen in
advanced cases of the disease.

Several factors can cause the nutritional deficiencies that lead to
scurvy, including a lack of dietary sources of vitamin C, alcoholism,
and medical conditions like gastrointestinal disorders that hinder
vitamin absorption (8). Psychological conditions, such as disordered
eating, also contribute to insufficient vitamin intake. Anorexia nervosa
(AN) exemplifies this, characterized by persistent behaviors that
interfere with weight gain, such as severely restricted food
consumption (9). This reduced food intake makes AN the mental
health disorder with the highest mortality rate, often due to starvation
or suicide (10, 11). Diagnosing AN requires a medical professional
and adherence to the criteria in the Diagnostic and Statistical Manual
of Mental Disorders, 5th Edition (DSM-5) (12). These criteria includes
(1) a significant low body weight in the patient’s developmental or
biological context due to restricted calorie intake, (2) an intense fear
of gaining weight, and (3) having a distorted view of either their body
or the medical seriousness associated with low body weight (12).
Reduced macronutrient and vitamin intake experienced in patients
with AN adversely affects multiple bodily systems. Symptoms in AN
patients, including dermatological manifestations, vary based on
factors such as purging behavior, illness duration, and overall nutrient
intake (13). Common skin-related symptoms include xerosis (dry
skin), cheilitis (lip inflammation), acne, effluvium (hair shedding), and
nail lesions (13, 14). Other symptoms may include nausea, cachexia
(severe weight loss and muscle wasting), constipation, and
cardiac issues.

Healthcare providers must understand the overlapping and
differential symptoms to differentiate between the two conditions. In
scurvy, due to the deficiency of vitamin C, impaired collagen synthesis
tends to present as weakened blood vessels, resulting in presentations
of petechiae, purpura, and perifollicular hemorrhages, along with
characteristic corkscrew hairs and hyperkeratotic papules around hair
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follicles. Conversely, dermatologic findings in AN are more often
related to malnutrition, including xerosis, lanugo hair, and
acrocyanosis, with purpura typically only occurring in the context of
concomitant thrombocytopenia from severe malnutrition.
Gastrointestinal features of AN traditionally include delayed gastric
emptying, bloating, and constipation, while symptoms suggestive of
defective collagen synthesis such as gum disease or loosening of teeth
are more indicative of a scurvy co-diagnosis. Finally, scurvy will tend
to present with certain symptoms not traditionally characteristic of
AN, such as anemia, musculoskeletal pain from subperiosteal
hemorrhages, and “scorbutic rosary” due to costochondral
junction enlargement.

Addressing the underlying nutritional deficiencies is crucial for
improving patient outcomes and preventing severe complications
associated with both disorders. Treatment for scurvy is straightforward
and highly effective, typically involving vitamin C supplements or
vitamin C-rich foods like citrus fruits, tomatoes, and green leafy
vegetables (3). With proper treatment, scurvy symptoms usually
resolve rapidly, allowing patients to recover fully. Early diagnosis and
intervention are vital to prevent the severe and potentially fatal
complications of prolonged vitamin C deficiency.

AN can lead to scurvy due to severe vitamin C deficiencies from
restricted food intake, but the relationship is not well understood,
with clinical presentations varying widely. While other restrictive
eating disorders, such as bulimia nervosa, binge-eating disorder, or
avoidant/restrictive food intake, may also raise the risk of scurvy,
their pathologies and symptomatic presentations differ significantly
from AN due to the different types and amounts of food they
consume (15). Therefore, studying these disorders separately is
important to understand the specific nutritional deficiencies they
cause. This study reviews several case studies from medical literature
that document concurrent cases of AN and scurvy, highlighting the

symptoms and clinical outcomes of these patients.

2 Methods

This study is the most comprehensive literature review to date
on the intersection of scurvy and anorexia nervosa (AN). Three
major academic databases-Google Scholar, PubMed, and Web of
Science-were systematically searched to ensure thorough coverage.
The search strategy used a combination of relevant terms:
(“scurvy” OR “vitamin C deficiency” OR “ascorbic acid

deficiency”) AND “anorexia*;

aimed at capturing all studies
related to scurvy and AN, as well as related nutritional deficiencies
and their health impacts. The search yielded 8,260 results in
Google Scholar, 33 in PubMed, and 36 in Web of Science. Articles
available in English and published after 1952 were included to
maintain consistency in symptom translation and diagnosis
criteria. Abstracts were reviewed to ensure alignment with the
research goals, resulting in 52 articles from Google Scholar, 13
from PubMed, and 9 from Web of Science passing the preliminary
review, totaling 74 articles. Data extraction used a standardized
form to collect information on symptoms, treatment plans,
outcomes measured, and key findings related to scurvy and
AN. These articles were then thoroughly read in the final review.
Articles had to meet specific criteria to pass the final review:
reporting a case of AN and scurvy simultaneously, providing
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Web of Science: 36)

Studies included in review
(n=9)

FIGURE 1
PRISMA diagram.
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< Articles included from reference
list review (n = 1)
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original research data or comprehensive reviews, and excluding
patients with other medical conditions affecting scurvy or AN
diagnosis. Six articles from the preliminary Google Scholar search
were included in the final review, along with two new articles from
PubMed. No new articles from Web of Science met the inclusion
criteria. References of all final review articles were checked to fill
any literature gaps, identifying one additional piece of literature.
A total of nine case reports were reviewed, with Figure 1 outlining
the protocol for literature identification.

3 Results

Nine total case reports were analyzed based on the criteria set
during the literature search. The total age range of participants
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was 10-59. Eight reported participants were female, one was male,
and three were aged 18 or below at the time of AN and
scurvy diagnosis.

Gastrointestinal symptoms were prevalent among the patients.
Three case reports documented gingival-related issues: two cases
reported gingival bleeding and irritation, one case described gingival
hypertrophy. Additionally, decreased bowel sounds and early satiety
with epigastric pain and reducing constipation were noted in two
other cases. Psychiatric symptoms were also commonly observed.
General weakness (asthenia), malaise, or fatigue were reported in six
of the nine cases. Cognitive dysfunction was noted in three cases,
including delayed speech and motor retardation. Dermatological
symptoms were significant and varied across reports. Purpura, rashes,
or ecchymosis in the lower extremities was prevalent in every case,
while five cases reported perifollicular purpura. Two cases reported
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TABLE 1 Symptoms of patients with concurrent anorexia nervosa and scurvy.

Year Age, Gastrointestinal Psychiatric Cardiovascular
Sex
da Silva et al. 2023 10M | Gingival edema and bleeding during | Asthenia (general weakness), Pain and purpuric lesions on the lower limbs. Swollen Unreported Unreported
(18) tooth brushing weakness, malaise, sadness. and inflamed gums. Symmetrically distributed
purpuric and palpable lesions on the lower limbs
without edema.
Du & 2024 15F Gingival bleeding, Gingival irritation | Fatigue Rash on both legs, nonblanching perifollicular papules. = Tachycardia Menorrhagia
Kulkarni (19) Mild swelling on her left cheek. Scant cervical
lymphadenopathy. Soft, subcutaneous fluid collection
on the left knee. Perifollicular hemorrhages. Faint
corkscrew hairs. Perifollicular papules. Gingival
irritation along the lower gum line.
Gisondi & 2022 59F Unreported Unreported Striped purpura and ecchymoses on the legs. Unreported Unreported
Bellinato (16)
Levavasseur 2015 38F Unreported Unreported Purpura and spontaneous hematomas on the lower Unreported Unreported
etal. (33) extremities. Perifollicular hyperkeratosis. Hair
dystrophy with corkscrew hair. Spontaneous
hematomas on the legs.
Martin- 2023 37F Gingival hypertrophy without Anxiety, mood lability. Asthenia. = Spontaneous ecchymoses. Folliculitis with Unreported Unreported
Benllock bleeding. Arthromyalgia in the lower | Cognitive schemas and perifollicular purpura in the lower limbs.
et al. (20) limbs behavioral responses indicative
of a dysfunctional personality.
Repeated anxiety crises.
Peixoto et al. 2018 21F Unreported Fatigue, weakness, and myalgias Ecchymosis. Scattered petechiae on the torso and legs. Pedal edema Unreported
(17) Hands’ xerosis. Nail fragility. Lanugo-like body hair on
arms and back.
Roy-Lavalee 2020 16F Decreased bowel sounds Delayed speech and cognitive Multiple tiny hyperpigmented perifollicular petechial Bradycardia. Poor peripheral Cachexia, Unable to ambulate
etal. (21) slowing. Diffuse muscle papules. Corkscrew hairs on the abdomen. Rash on perfusion. Hypotension. independently
weakness. lower leg Decreased peripheral pulses.
Christopher 2002 46F Early satiety. Epigastric pain and Fatigue, lethargy. Psycho motor Nonpruritic rash on lower extremities. Palpable Easy bruising. Cachexia
etal. (22 tenderness. Constipation. Petechiae retardation. perifollicular papules. Nonpalpable purpuric macules
on hard palate. Poor oral hygiene. and papules. Hemorrhages and ecchymoses around the
Periodontal disease. Temporal knee. Lanugo over the arms.
wasting. Scant occult blood on rectal
examination.
Mehta et al. 1996 40F Unreported Weakness, fatigue, myalgia. Purpuric rash. Hyperpigmented face. Dry fissured skin | Severe pulmonary hypertension. Shortness of breath. Moderate
(23) on hands. Perifollicular purpura. Ecchymosis on the Dilated pulmonary artery. synovial swelling, warmth, and

right inner thigh. Focal dermal hemorrhage. Anergy.

Perifollicular purpura.

Ventricular and atrial enlargement

on the right side of the heart.

pain on palpation of the ankles.

Interstitial edema. Hematuria.

20

no
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corkscrew hairs. Other dermatological symptoms included a
hyperpigmented face with dry fissured hands (one case) and hands’
xerosis with nail fragility (one case). Cardiovascular symptoms were
less frequently reported. Symptoms included tachycardia (one case),
bradycardia with hypotension and poor peripheral perfusion (one
case), pulmonary hypertension (one case), and pedal edema (one
case). Other symptoms included menorrhagia (one case) and cachexia
(two cases). The symptoms recorded for all patients are reported in

The causes of admission of patients comorbid with scurvy and AN
are summarized in . Four of the eight patients were admitted
either solely or partially due to purpura or rashes on the lower limbs.
Four of the eight patients were also admitted either solely or partially
due to cachexia symptoms. Other reasons patients were admitted
include menorrhagia (one case), impaired systemic circulation with
poor peripheral perfusion (one case), and dehydration (one case). One
patient [59F, recorded by Gisondi and Bellinato (

as no description was given on admission reason. One patient [21F,

)] was not included
recorded by Peixoto et al. (17)] was admitted due to failing to respond
to outpatient care, but no details were provided on the reason for
original admittance into outpatient care.

Following diagnosis of scurvy and AN, eight out of eight patients
were treated with vitamin C supplementation. One patient (59,
recorded by Gisondi & Bellinato) (
regimen and patient outcome was not described. 5 of the 9 cases

) was not included as treatment

measured ascorbic acid level prior to treatment, with serum vitamin
levels ranging from 0.06 mg/dL - 0.23 mg/dL (RV =0.4-1.5mg/dL).
BMI ranged between 11.4-17.7kg/m2. All patients saw either
substantial improvements in their symptoms or a complete recovery
between 4 and 30 days after initiation of vitamin C supplementation.
All patients were given vitamin C orally, at a dosage ranging from
250mg - 1000 mg daily. Oral vitamin C supplementation was usually
sufficient in resolving any dermatological issues and most
characteristic symptoms related to scurvy. Dietetic advice, additional

10.3389/fnut.2024.1466388

vitamin supplementation, or increased caloric intake were used to
address other issues. No cases reported the results of subsequent
treatment on AN status. The cause for admission, treatment, and
outcome results are reported in

The symptoms experienced by patients with co-occurring AN
and scurvy highlight the multifaceted impact of these conditions.
Common symptoms such as fatigue and weakness were observed in
seven cases (

) while purpuric lesions or petechiae were noted
in all nine cases. These findings emphasize that fatigue and weakness
are prevalent in both scurvy and AN patients, with skin
manifestations like purpuric lesions and petechiae being particularly
common in scurvy but likely exacerbated by malnutrition from
AN. The prevalence of psychiatric symptoms, including asthenia and
cognitive dysfunction, are also compounded by the psychological
stressors inherent in AN. Research indicates that both AN and scurvy
can impair cognitive function through mechanisms involving
malnutrition and vitamin deficiency-induced neural damage (24-

). To address these complex symptoms, a comprehensive treatment
approach is likely beneficial. This should include administering
vitamin C and other necessary vitamins that are deficient in these
cases to alleviate symptoms of scurvy and related deficiencies, while
also gradually increasing dietary intake from the onset to address all
nutritional deficiencies associated with AN. Given the significant
psychiatric manifestations, ongoing psychiatric evaluation and
support should be integrated into the treatment regimen, helping
manage immediate symptoms and prevent behavioral relapse.
Additionally, patients presented with dermatological manifestations
in this study such as a hyperpigmented face, dry fissured hands, and
nail fragility suggest that the combination of AN and scurvy may lead
to complex skin presentations, as corroborated by previous case

Purpuric rash on lower Gingival Edema Cachexia
limbs
4 of 8 patients 2 of 8 patients 4 of 8 patients

Menorrhagia

|

)
1 of 8 patients

FIGURE 2
Causes of admission for patients comorbid with scurvy and anorexia nervosa.

Impaired Systemic
Circulation

1 of 8 patients

Dehydration

1 of 8 patients
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TABLE 2 BMlI, cause of admission, vitamin C level, comorbidities, treatment, and outcome of patients with scurvy and anorexia nervosa.

Author

da Silva et al. (18)

Weight,
Height, BMI

27.7kg, 138cm,

Cause of
Admission

Pain and purpuric

Vitamin C
Serum (RV:

Ascorbic acid was

Comorbidities

Healthy, no comorbidities

Treatment

100 mg of oral

Outcome

7 days after

etal. (20)

167 cm,15.24kg/m*

malnutrition

daily for 1 month.

100 mg of oral iron

14.57 kg/m* lesions on lower not measured vitamin C thrice daily | treatment start,
limbs, gingival edema for 1 week, followed substantial recovery
by 100 mg of oral with improved diet,
vitamin C once daily mood, and lower
limb pain.
Du & Kulkarni N/A Progressive and <0.09 mg/dL Not reported Oral vitamin C N/A
(19) spreading rash on (measured 4 days supplements, dosage
lower limbs, gingival after discharge) not specified
edema, menorrhagia
Gisondi & N/A N/A <0.1mg/dL Not Reported Not Reported N/A
Bellinato (16)
Levavasseur et al. N/A Purpura and Ascorbic acid was | Chronic Hepatitis C, Iron 1g of oral vitamin C 1 month after
(33) spontaneous not measured Deficiency, history of drug daily for 1 month treatment start for
hematomas on lower addiction complete recovery.
limbs
Martin-Benllock 42.5kg, Cachexia, severe 0.06 mg/dL Anxiety, no DSM diagnosis | 1g of oral vitamin C 4 days after

treatment start,

substantial

daily and 5mg of improvement of
folate daily. joints, skin, and gait.
Peixoto etal. (17) = N/A, N/A, 11.4kg/m’ Failure to respond to Ascorbic acid was | Not reported 300mg of oral 14 days after

normocytic anemia.

Surgical history included

supplements and

enteral supplements.

outpatient treatment not measured vitamin C daily for treatment start,
6weeks improved cutaneous
signs
Roy-Lavaleeetal. = 33.1kg, 170.2cm, Cachexia, low weight | 0.23mg/ dl Healthy, no comorbidities 250 mg of oral 4weeks after
1) 11.43kg/m’ and cardiovascular vitamin C daily. treatment start,
support for Paediatric improved cutaneous
bradycardia, poor multivitamin that signs
peripheral perfusion, included 50 mg of
hypotension, sodium ascorbate
dehydration daily.
Christopher etal. | 38.6kg, 165cm, Cachexia Ascorbic acid was | Nephrolithiasis, Treated with ascorbic | 7days after
(22) 14.18kg/m? not measured malnutrition, and therapy via vitamin treatment start,

complete recovery.

hysterectonomy, bilateral Did not specify
salpingo-oophorectomy, duration.
Mehta et al. (23) 44kg, 157.5cm, Cachexia (myalgia, 0.2mg/dL Amenorrheic since birth supplemental vitamin | 12days after
17.74kg/m’ weakness, fatigue) C and other treatment start,
and purpura in lower supportive therapies. substantial recovery.
limbs Did not specify
duration.

studies documenting similar symptoms in isolated cases of scurvy

and AN (8, 9).

AN can alter the presentation of symptoms traditionally
associated with scurvy, given the widespread physiological impacts
of AN on various body systems (Figure 3) (13). It is reasonable to
believe a patient with AN can eventually develop scurvy due to
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malnutrition. AN-related conditions like gastrointestinal distress,

reduced appetite, and impaired nutrient absorption (such as vomiting

22

and diarrhea) can deplete essential vitamins and worsen or exacerbate
the overall nutritional status of a patient. AN can also obscure the
presence of scurvy. For instance, fatigue, malaise, and dermatological
changes are characteristic of both, and providers may potentially
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focus on AN treatment with little avail if vitamin deficiencies are not
addressed first.

Despite being an ancient disease, scurvy remains prevalent. This is
particularly true among individuals with restrictive eating disorders and
other at-risk populations (28). Modern cases often arise from inadequate
dietary intake, a situation not uncommon even in developed societies.
Scurvy’s clinical presentation can also be mistaken for other conditions,
such as rheumatoid arthritis, clotting disorders, or anemia, due to
symptoms like joint pain, petechiae, and anemia (29). Additionally,
other vitamin deficiencies, such as beriberi (vitamin B1 deficiency) and
pellagra (vitamin B3 deficiency), can present with neuropsychiatric and
dermatological symptoms similar to those of scurvy and also co-present
with AN, further complicating the clinical picture (30, 31).

The complexity of treating these overlapping conditions is
heightened by the fact that anorexia nervosa, a psychiatric illness
characterized by a refusal to consume food, inherently leads to macro
and micronutrient deficiencies. This refusal, along with other hallmark
features of AN such as distorted body image and an intense fear of
gaining weight, directly impacts patients’ adherence to treatment
regimens. Moreover, the stigma and psychological burden of eating
disorders can lead to underreporting of symptoms, further delaying
accurate diagnosis.

Given the common symptoms, healthcare providers should
likely maintain suspicion for vitamin deficiencies in patients with
restrictive eating behaviors. Nonetheless, AN and scurvy can differ
in crucial ways, and differential diagnosis is possible. Specifically,
petechiae, purpura, and perifollicular hemorrhages may more
likely indicate scurvy in patients with AN, as these symptoms are
not typically observed in AN alone. Supporting this, all nine case
reports in this study documented such symptoms in their patients,
all occurring within lower extremities. This is likely due to
increased hydrostatic pressure caused by gravity, which exacerbates
the fragility of blood vessels weakened by vitamin C deficiency,
resulting in subcutaneous internal bleeding. Symptoms of gum
disease may also assist in diagnosis, with this study finding three
cases (18, 19, 23) reporting gingival bleeding or irritation in their
patients. Additionally, corkscrew hairs can serve as a strong
indicator to parse out AN and scurvy, as vitamin C deficiency
reduces disulfide bonds and keratin cross-linkage in hair (32). As
evidence of this, three cases (19, 21, 33) in this study report such
symptoms. However, corkscrew hairs are not invariably present in
patients with scurvy, as they present in typically older patients and
may not be obvious if the period of vitamin deficiency does not
coincide with active hair growth phases (32). While delayed wound
healing may not be immediately apparent upon a patient’s hospital
admission and was not reported in any case within this study, it can
also serve as a differential indicator (34). Finally, anemia was
reported in one patient (22). Vitamin C enhances absorption of
non-heme iron and reduces ferrous iron to ferric iron, and thus
scurvy patients are often reported to have microcytic anemia (35).
In contrast, microcytic anemia is rare in AN, further suggesting
the need to evaluate for concomitant vitamin C deficiency when
such anemia is observed. However, other forms of anemia from
vitamin deficiencies can present similarly, such as megaloblastic
anemia due to folate or vitamin B12 deficiency, or hemolytic
anemia due to vitamin E deficiency (36, 37). Thus, a combination
of indicators and symptoms should be used by clinicians to
accurately diagnose patients who may have scurvy co-presenting

Frontiers in Nutrition

10.3389/fnut.2024.1466388

with AN, allowing for earlier further evaluation of vitamin C
deficiency in hospital settings.

One limitation of this review is the limited number and diversity
of case reports available on the concurrent presentation of scurvy and
AN. Due to the rarity of these comorbid conditions, detailed literature
on patient demographics, symptoms, and treatment regimens is
scarce. Most existing reports focus on female patients, even though
men are estimated to account for approximately 25% of all AN cases
(38). This lack of male representation could lead to an incomplete
understanding of how scurvy manifests in male patients with AN,
given potential biological differences in nutritional needs and
metabolic responses. Consequently, the current literature may not
fully capture the variability in symptom presentation and treatment
outcomes across different genders. Furthermore, the retrospective
nature of this study introduces inherent limitations, such as the
inability to control for confounding variables and biases present in
the original reports. Examples of confounding variables include the
severity and duration of AN, variations in patients’ overall nutritional
status, and the presence of other comorbid conditions such as
depression, anxiety, or gastrointestinal disorders that can affect
nutrient absorption and overall health. Additionally, differing
healthcare access and treatment adherence among patients can
further complicate the interpretation of case reports. Publication bias
is another significant concern, as more severe or unusual cases are
more likely to be reported, potentially skewing the overall
understanding of these comorbid conditions’ typical presentation and
progression. This bias may lead to an overemphasis on atypical cases,
making it difficult to generalize findings to the broader population of
patients with both scurvy and AN. Future research should aim to
include a wider range of case reports and prospective studies to
provide a more comprehensive and balanced understanding of
these conditions.

In conclusion, the intersection of scurvy and AN presents a
complex clinical challenge, highlighting the significant impact of
vitamin C deficiencies in AN patients. Recognizing the distinct
systemic presentations of AN and scurvy is essential due to
overlapping symptoms such as fatigue, malaise, and dermatological
changes. Differentiating scurvy from AN involves identifying
symptoms that are uncommon in AN alone. Petechiae, purpura,
and perifollicular hemorrhages, especially in the lower extremities
due to weakened blood vessel walls, are strong indicators of
scurvy. Gingival bleeding, corkscrew hairs, and anemia can
further aid in distinguishing between the two conditions. These
clinical signs, when present, should prompt consideration of
scurvy in AN patients and lead to further diagnostic measures
such as a plasma ascorbic acid test. A comprehensive treatment
approach involving immediate vitamin C supplementation,
increased dietary intake, and ongoing psychiatric support is
essential. Furthermore, more comprehensive nutritional
assessments may improve early detection and subsequence
management, potentially mitigating severe complications. This
review highlights the limitations in the current literature, as few
detailed case reports on concurrent scurvy and AN exist. This is
particularly true for male patients, resulting in an incomplete
understanding of these comorbid conditions. Future research
should include diverse case reports and prospective studies,
considering biological differences between genders and addressing
that hinder treatment adherence.

psychological factors
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Possible mechanisms anorexia nervosa may exacerbate the presentation of scurvy.

Furthermore, given the small sample size in the current review, a
larger controlled study in a representative sample is necessary to
accurately identify the prevalence of scurvy in the population. It
is also essential clinicians remain vigilant about the possibility of
specific vitamin C deficiency in patients with AN, allowing for
early detection and timely treatment of scurvy.
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Eating disorders and health
literacy in Germany: results from
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Rehabilitationswissenschaft, Charité — Universitatsmedizin Berlin, Berlin, Germany

Introduction: Eating disorders are associated with substantial burden for the
affected individuals including negative health outcomes and increased mortality.
So far, prevention programs for eating disorders have yielded mixed results
concerning their efficacy. Therefore, more targeted prevention programs need
to be developed. Health literacy has been identified as a potential influencing
factor of eating disorders. This study aimed at exploring the relationship
between likely cases of eating disorders and health literacy, alongside additional
sociodemographic factors.

Materials and methods: Two large samples of adults (N = 3,011) and adolescents
(N =1,021) representative of the German-speaking population in Germany were
recruited. Likely cases of eating disorders were identified using the SCOFF
questionnaire. Health literacy was assessed with the HLS-EU-Q16 questionnaire.
Sociodemographic information, including age, gender, social status and level of
education, and subjective body image were obtained. y?-tests of independence
were calculated to determine the association between the investigated
constructs.

Results: Suspected eating disorders were more likely in female than male
adolescents but were not related to gender in adults. Rates of suspected eating
disorders increased with increasing age in adolescents and decreased with
increasing age in adults. While levels of education were unrelated to suspected
eating disorders, low social status was associated with higher rates of suspected
eating disorders in adults but not adolescents. Inadequate or problematic health
literacy and negative body image were associated with higher rates of suspected
eating disorders compared to adequate health literacy and more positive body
image.

Discussion: Likely cases of eating disorders are related to health literacy and
body image as well as sociodemographic factors. These constructs should
therefore be addressed in future research to improve prevention programs.

KEYWORDS

eating disorder, health literacy, body image, health, representative, Germany,
adolescents, adults

26 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2024.1464651&domain=pdf&date_stamp=2024-09-16
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1464651/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1464651/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1464651/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1464651/full
mailto:lars.koenig@stiftung-gesundheitswissen.de
https://doi.org/10.3389/fpsyg.2024.1464651
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2024.1464651

Konig et al.

1 Introduction

Eating disorders, such as anorexia nervosa, bulimia nervosa and
binge-eating disorder, are severe psychiatric disorders associated with
significant psychological and physical impairment (Treasure et al.,
2020; World Health Organization, 2019). Eating disorders are
characterized by abnormal eating or weight-control behaviors often
accompanied by disturbed body image (Treasure et al., 2020). Patients
with anorexia nervosa show a persistent pattern of restrictive eating
or other behaviors that are aimed at establishing or maintaining
abnormally low body weight (World Health Organization, 2019). Both
bulimia nervosa and binge-eating disorder are characterized by
recurrent binge-eating episodes, in which individuals experience loss
of control over their eating behavior and consume large portions of
food in a discrete period of time (Treasure et al., 2020; Giel et al., 20225
World Health Organization, 2019). For patients with bulimia nervosa,
these episodes are accompanied by compensatory behaviors such as
self-induced vomiting to prevent weight gain (Treasure et al., 2020),
which do not regularly occur in binge-eating disorder (Giel
etal., 2022).

On a global level, 12-months prevalences of all eating disorders
are estimated at 2.2% for women and 0.7% for men (Galmiche et al.,
2019). For a majority of patients with eating disorders, age of eating
disorder onset is before 25 years with a peak age of 15years (Preti et al,
2009; Solmi et al., 2022). Results concerning a potential increase in
eating disorder prevalences in recent years are heterogeneous (Keski-
Rahkonen and Mustelin, 2016; Steinhausen and Jensen, 2015).
However, a rise in hospital admissions in patients with eating
disorders, especially in anorexia nervosa, has been observed, which
was further accelerated during the COVID-19 pandemic in recent
years (Devoe et al., 2023; Holland et al., 2016).

Although eating disorder prevalences are still relatively low
compared to other psychiatric conditions, eating disorders have
serious implications, both at an individual and societal level (Chan
et al, 2023; Chesney et al., 2014; GBD 2019 Mental Disorders
Collaborators, 2022; Agh et al., 2016). Specifically, eating disorders are
associated with high rates of psychiatric comorbidities such as mood
and anxiety disorders, physical conditions including cardiovascular
and metabolic problems due to malnutrition, weight loss and
compensatory behaviors as well as decreased quality of life (Keski-
Rahkonen and Mustelin, 2016; Preti et al., 2009; Treasure et al., 2020;
Westmoreland et al., 2016; Agh et al, 2016). When compared to other
mental disorders, eating disorders—after substance-abuse disorders—
have the second highest number of years-of-potential-life-lost (Chan
et al, 2023). Furthermore, eating disorders, particularly anorexia
nervosa, are among the psychiatric disorders with the highest
mortality rates (Harris and Barraclough, 1998; Arcelus et al., 2011), as
evidenced by standardized mortality ratios five to six times that of the
general population (Arcelus et al., 2011). Also, while many patients
with eating disorders eventually recover, chronicity of the disorders
occurs in almost a quarter of patients (Solmi et al., 2024).

The etiology of eating disorders is still subject of ongoing debate.
In addition to biological risk factors (e.g., genetics, microbiome),
environmental and psychological risk factors play a crucial role in
developing eating disorders. These include sexual and physical abuse,
trauma and childhood obesity, higher educational attainment, body
image-related factors and use of appearance-focused social media,
among others (Barakat et al., 2023; Solmi et al., 2021).
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Although there are effective treatments available for all major
eating disorders (Herpertz et al., 2018; Monteleone et al., 2022; Murray
et al,, 2019) not all individuals with eating disorders seek or receive
treatment (Hart et al., 2011). Among the common barriers that
prevent individuals from getting treatment are stigma and shame
about the disorder, denial or failure to recognize the severity of
symptoms, and practical barriers such as the cost and accessibility of
treatments (Ali et al., 2017).

In a recent meta-analysis of a widely-used screening inventory
that is also employed in the present study, 22.4% of children and
adolescents (age 7-18 years) were identified as suspected of having an
eating disorder, with rates in girls (30.0%) almost double those in boys
(17.0%) (Lopez-Gil et al., 2023). Similar or slightly lower rates of
potential eating disorders were also found in three German-speaking
samples (Herpertz-Dahlmann et al., 2008; Cohrdes et al., 2019; Zeiler
etal, 2016). Critically, positive screens for eating disorders in younger
age are not only predictive of potential underlying full-blown eating
disorders but also of current quality of life (Zeiler et al., 2016), as well
as overweight, obesity and depressive symptoms later in life (Herpertz-
Dahlmann et al., 2015).

The numerous risk factors for eating disorders (Barakat et al.,
2023; Solmi et al., 2021) and the substantial burden of the diseases
(f\gh et al., 2016; Keski-Rahkonen and Mustelin, 2016; GBD 2019
Mental Disorders Collaborators, 2022) underline the need of
preventive interventions (Herpertz-Dahlmann et al., 2015). Onset of
most eating disorders in adolescence and the fact that recovery rates
are higher in adolescents than in adults and in patients at earlier vs.
later stages of the disorder suggest that targeted interventions for
prevention or early detection and intervention in children and
adolescents may prove to be particularly valuable (Steinhausen and
Jensen, 2015; Ambwani et al.,, 2020; Preti et al., 2009; Kalindjian
etal., 2022).

So far, a number of prevention programs to battle eating disorders
have been developed with mixed results concerning their efficacy
(Koreshe et al., 2023; Le et al., 2017). However, some interventions
(e.g., media literacy interventions for universal prevention) have been
identified as promising in terms of symptom reductions (Le et al.,
2017) and certain intervention programs (e.g., dissonance-based
prevention programs) were found to even prevent future onset of
eating disorders (Stice et al., 2021). Therefore, identifying groups that
might particularly benefit from prevention programs, is vital to
improve the efficacy of these programs (Le et al., 2017). The present
study was designed to address this need and to explore potential
associations with health literacy.

Health literacy refers to the cognitive and social skills which
determine the motivation and ability of individuals to gain access to,
understand and use information in ways which promote and maintain
good health (Nutbeam, 1998). It has been associated with several
health-related topics, including disordered eating (Fleary et al., 2018;
Campanino et al., 2023; Boberova and Husarova, 2021; Bullivant et al.,
2020). For example, it has been shown that individuals with anorexia
nervosa and bulimia nervosa had lower levels of subjective health
literacy and higher levels of objective health literacy when compared
to healthy controls (Campanino et al., 2023). In addition, a negative
relationship between health literacy and symptoms of eating disorders
was found, particularly in participants who perceived themselves to
be overweight (Boberova and Husdrovd, 2021). Therefore, targeting
health literacy in prevention programs could be particularly promising.
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The aim of the present investigation was to explore the association
between suspected cases of eating disorders and sociodemographic
variables, body image and health literacy in two representative
samples of German-speaking adolescents (12-17 years) and adults (>
16years) in Germany.

2 Materials and methods
2.1 Ethical considerations

The study was designed to comply with the ethical principles for
medical research involving human subjects as set out in the
Declaration of Helsinki. A study protocol was submitted to the ethics
committee of the Berlin Medical Association. The ethics committee
had no ethical or professional objections to the study protocol
(reference Eth-64/23). Before the study started, participants gave
their informed consent to take part in the study. For participants
aged 15 and younger, informed consent was provided by their
parents. Participants could withdraw from the study at any time.
Participants were not compensated for their participation by the
independent non-profit foundation Stiftung Gesundheitswissen.
Furthermore, only anonymized data was provided to the
Stiftung Gesundheitswissen.

2.2 Survey methodology and data
acquisition

For this study, data from two independent samples were collected
by two market research institutes.

Data for the adult sample (> 16years) was collected by forsa
(Gesellschaft fiir Sozialforschung und statistische Analysen mbH) in
December 2023 using the forsa.omninet online panel. The panel has
around 100,000 participants and is representative of the German-
speaking population with internet access in Germany. For the present
investigation, a representative sample was drawn from the panelists
16years and older. Data collection was carried out online with
computer-assisted web interviews. A total of 3,011 participants
provided complete questionnaires. Survey weights were calculated by
forsa using an iterative proportional fitting approach according to the
following weight variables and combinations: (a) gender x age (in the
groups 16-29years, 30-45years, 46-64years, > 65years) X region
(West Germany and Berlin, East Germany) and (b) federal state. The
weighting was based on the population census of the German Federal
Statistical Office.

Data for the adolescent sample was collected by GIM (Gesellschaft
fiir innovative Marktforschung mBH). The study population consisted
of pupils aged 12 to 17 from Germany. Data collection was carried out
with a mixed-mode approach (similar to representative German
JIM-Studie 2023) using computer-assisted web interviews (about 2/3
of all interviews) and computer-assisted face-to-face interviews (about
1/3 of all interviews). A total of 1,021 complete questionnaires were
obtained. Data collection was carried out in November and December
2023. Survey weights were calculated in an iterative procedure
according to the following weight variables and combinations: age x
gender, education and federal state. The weighting was based on data
from the Federal Statistical Office and the ma Radio survey.
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2.3 Measures

2.3.1 Sociodemographic information

Participants provided basic sociodemographic information
including gender (male, female, diverse [in adolescents only]), age and
federal state of residence (in the adult sample) or federal state of the
currently attended schools (in the adolescent sample). For further
analyses, individuals were divided into groups, according to age
(16-29years, 30-45years, 46-64years, > 65years, in the adult
sample; 12-13years, 14-15years, 16-17years, in the adolescent
sample) and gender (male, female, diverse [in adolescents only]).

In addition, information on (subjective) social status and
educational levels were obtained.

Adults were asked to indicate their highest level of formal
education. Participants were then categorized into three groups, i.e.,
low (equivalent to no formal education or basic secondary school;
ohne Haupt-/Volksschulabschluss, Haupt-/Volksschulabschluss),
middle (equivalent to intermediate secondary school; Mittlere Reife,
Realschulabschluss, Fachschulreife, Abschluss der Polytechnischen
Oberschule, Fachhochschulreife, Abschluss einer Fachoberschule)
and high formal level of education (equivalent to most advanced
secondary school, e.g., grammar schools to obtain a general or
specialized university entrance qualification, or university degree;
Abitur, allgemeine oder fachgebundene Hochschulreife, Fach-/
Hochschulstudium). To obtain level of education from adolescents,
they were first asked to indicate the type of school they currently
attend and then divided into two categories: high (equivalent to most
advanced secondary school, e.g., grammar schools, where a general
university entrance qualification can be obtained; Gymnasium) and
low educational levels (all other school types).

Subjective social status of the adult participants was assessed
using the German version of the MacArthur scale (Hoebel et al.,
20155 Adler et al., 2000). The scale makes use of a ladder metaphor
in which the top rung (rung 10) represents the individuals with
highest status and the bottom rung (rung 1) represents the
individuals with lowest status. The participants are asked to indicate
on which of the 10 possible rungs they place themselves. Three
categories of subjective social status were determined according to
the respondents’ answers, i.e., low subjective social status (scores
1-4), middle subjective social status (scores 5-7) and high subjective
social status (scores 8-10).

Social status in the adolescent sample was obtained using the
German version of the Revised Family Affluence Scale (FAS III)
(Torsheim et al., 2016). The scale consists of six items asking the
participants about their family’s material assets, e.g., if they own a
dishwasher or how often they have been on a holiday abroad in the
past year. A total score is obtained by adding up answers across items.
Cut-offs to determine categories were defined according to quintiles.
Three categories were distinguished, e.g., low (bottom 20%, scores
0-5), middle (middle 60%, scores 6-9), and high (top 20%, scores
10-14) social status (Moor et al., 2024; Corell et al.,, 2021).

2.3.2 SCOFF

The Sick, Control, One Stone, Fat, Food (SCOFF) questionnaire
is a questionnaire initially developed to screen for anorexia nervosa
and bulimia nervosa (Morgan et al., 1999). Here, the German
translation was used (Holling and Schlack, 2007). The questionnaire
consists of five items conveyed as questions, each addressing one the
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core features of anorexia nervosa and bulimia nervosa, e.g.,
concerning recent weight loss and loss of control when eating.
Participants are asked to answer each question with “yes” or “no” and
a sum score is calculated across all items. If two or more questions are
answered with “yes,” participants are considered likely to have an
eating disorder. Across validation studies, the SCOFF questionnaire
has yielded high sensitivity and specificity (Kutz et al., 2020; Botella
et al,, 2013). In addition, moderate to high test-retest reliability
coefficients were obtained (Garcia et al., 2011; Garcia-Campayo et al,
2005; Leung et al., 2009).

2.3.3 Body image

To assess the participants’ subjective body image, they were asked
to indicate if they considered themselves to be exactly the right weight,
a bit too thin, far too thin, a bit too fat or far too fat (Cohrdes et al.,
2019). Three groups were determined: (1) individuals who consider
themselves to have the right weight, (2) individuals who consider
themselves to be a bit too thin or fat and (3) individuals who consider
themselves to be far too thin or fat.

TABLE 1 Sample characteristics of the weighted and unweighted sample
of adults.

Variable Unweighted Weighted
sample, n (%) sample, n (%)
Gender
Male 1,483 (49.3%) 1,475 (49.0%)
Female 1,528 (50.7%) 1,536 (51.0%)
Age groups
16-29 years 535 (17.8%) 531 (17.6%)
30-45 years 658 (21.9%) 721 (24.0%)
46-64 years 946 (31.4%) 976 (32.4%)
> 65years 872 (29.0%) 783 (26.0%)

Level of education

Low 768 (25.5%) 691 (23.0%)
Middle 1,110 (36.9%) 1,147 (38.1%)
High 1,130 (37.5%) 1,170 (38.8%)
Missing values 3(0.1%) 3(0.1%)
Social status

Low 418 (13.9%) 426 (14.2%)
Middle 1992 (66.2%) 1988 (66.0%)
High 597 (19.8%) 593 (19.7%)

Missing values 4(0.1%) 4(0.1%)

Body image (Do you think you are...)

... exactly the right weight? 886 (29.4%) 865 (28.7%)

...a bit too thin/fat? 1707 (56.7%) 1719 (57.1%)

...far too thin/fat? 417 (13.8%) 427 (14.2%)

Missing values 1(0.0%) 1 (0.0%)

Health literacy

Inadequate/problematic 1,192 (39.6%) 1,201 (39.9%)

Adequate 1790 (59.4%) 1784 (59.2%)

Missing values 29 (1.0%) 26 (0.9%)
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2.3.4 HLS-EU-Q16

Health literacy was assessed using the German translation of the
short version of the European Health Literacy Survey instrument
(HLS-EU-Q16) (Jordan and Hoebel, 2015; Pelikan et al., 2014;
Serensen et al, 2013). The questionnaire consists of 16 items,
answered on a 4-point Likert scale ranging from “very easy;, over
“fairly easy,” “fairly difficult” to “very difficult” Questions address
subjective difficulty in accessing, understanding, appraising and
applying information concerning healthcare, disease prevention and
health promotion (Sorensen et al., 2013). To calculate an overall sum
score, item responses were first dichotomized (e.g., 1 =“fairly easy”
and “very easy; 0="“fairly difficult” and “very difficult”) and then
added up across all dichotomized items. Levels of health literacy were
determined according to the overall scores, i.e., inadequate or
problematic health literacy for scores from 0 to 12 and adequate
health literacy for scores from 13 to 16. The HLS-EU-QI16
questionnaire has yielded high internal consistency and test-retest
reliability coefficients (Jordan and Hoebel, 2015; Eronen et al., 2019;
Bergman et al., 2023).

2.4 Statistical analysis

The statistical analyses were conducted with the statistical software
SPSS (version 29.0.2.0, IBM). Individuals with missing data for one
construct or questionnaire item were excluded from all analyses
concerning these constructs or questionnaires. To analyze whether the
proportions of individuals identified as likely having an eating disorder
by the SCOFF questionnaire were independent of the categorical
sociodemographic and psychological factors studied here (i.e., gender,
age, education, social status, body image, health literacy), y*-tests of
independence were calculated. Effect sizes for these tests are reported as
Cramer’s V. For y*-tests of contingency tables larger than 2 x 2, significant
results were followed up with post-hoc Bonferroni-adjusted z-tests.

3 Results
3.1 Adults

3.1.1 Sample characteristics adults

The adult sample consisted of N=3,011 individuals. The sample
characteristics. i.e., gender, age, level of education, social status, body
image and health literacy categories, before (unweighted) and after
(weighted) the weighting procedure can be found in Table 1.

3.1.2 Associations with likely eating disorders in
adults

In the weighted total samples of adults, 19.6% (N =590) screened
positive on the SCOFF suggesting an increased likelihood of having
an eating disorder. 80.2% of participants (N =2,414) screened negative
and 0.2% (N=7) had missing values in at least one SCOFF item
impeding the calculation of the sum score.

An overview of the proportions of positive SCOFF screens for all
sociodemographic and psychological categories in the adult sample
can be found in Table 2.

At the descriptive level, women were more likely to screen
positive for eating disorders (20.8%) than men (18.4%), but this
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association was not significant, ¥* (1, N=3,004)=2.71, p=0.100,
V=0.03. There was a significant association between age and the
SCOFF categories, x* (3, N=3,004)=15.66, p=0.001, V=0.07.
Descriptively, the proportions of positive SCOFF screenings
decreased with increasing age (16-29years: 22.7%; 30-45 years:
22.2%; 46-64 years: 19.7%; > 65 years: 15.2%). Post-hoc tests revealed
that the 16-29 years and 30-45 years groups did not differ significantly
from each other and from the 46-64years group, but from the
>65years group. There were no further significant differences
between the age groups. The proportion of individuals scoring
positive on the SCOFF did not differ by level of education, %> (2,
N=3,001)=2.24, p=0.327, V=0.03, with similar rates in low (18.2%),
middle (20.9%) and high (19.2%) educational levels. However, there
was a significant association between subjective social status and
fulfilling the SCOFF screening criterion, x* (2, N=3,001)=30.58,
p<0.001, V=0.10. Post-hoc tests revealed that participants with
lower subjective social status were more likely to screen positive for
eating disorders than participants with middle and high subjective
social status (low: 29.2%, middle: 18.6%, high: 16.0%), whereas the

TABLE 2 Proportions of positive and negative SCOFF screens in the adult
sample for the gender, age, level of education, social status, body image
and health literacy categories.

Likely to have Not likely to
an eating have an eating
disorder (%) disorder (%)

Gender

Male 18.4% 81.6%

Female 20.8% 79.2%
Age groups

16-29years 22.7% 77.3%

30-45years 22.2% 77.8%

46-64years 19.7% 80.3%

> 65years 15.2% 84.8%
Level of education

Low 18.2% 81.8%

Middle 20.9% 79.1%

High 19.2% 80.8%
Social status

Low 29.2% 70.8%

Middle 18.6% 81.4%

High 16.0% 84.0%
Body image (Do you think you are...)

... exactly the right 7.2% 92.8%

weight?

...a bit too thin/fat? 18.9% 81.1%

...far too thin/fat? 48.1% 51.9%
Health literacy

Inadequate/problematic 27.1% 72.9%

Adequate 14.7% 85.3%

A positive SCOFF screen, defined as two or more “yes”-responses on the five SCOFF items,
classifies individuals as likely to have an eating disorder. To confirm the presence of an eating
disorder, positive screens need to be followed up with a more in-depth clinical assessment.
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middle and high subjective social status groups did not significantly
differ from each other.

Body image was significantly associated with fulfilling the SCOFF
screening criterion, y* (2, N=3,004)=303.27, p<0.001, V=0.32.
Participants who considered themselves to be far too thin or far too fat
were more likely to screen positive for eating disorders (48.1%) than
those who considered themselves to be a bit too thin or fat (18.9%) and
those who believed to have exactly the right weight (7.2%). Post-hoc
tests revealed that these differences were significant for all three groups.

There was a significant association between the SCOFF and health
literacy categories, x> (1, N=2,983)=69.26, p<0.001, V=0.15,
indicating lower proportions of positive SCOFF screenings in
individuals with adequate (14.7%) vs. inadequate and problematic
health literacy (27.1%).

3.2 Adolescents

3.2.1 Sample characteristics adolescents

The adolescent sample consisted of N=1,021 individuals. The
sample characteristics. i.e., gender, age, level of education, social
status, body image and health literacy categories, before (unweighted)
and after (weighted) the weighting procedure can be found in Table 3.

3.2.2 Associations with likely eating disorders in
adolescents

In the weighted total samples of adolescents, 18.9% (N =193)
screened positive on the SCOFF suggesting an increased likelihood of
having an eating disorder. 81.1% of participants (N =828) screened
negative. There were no missing values.

An overview of the proportions of positive SCOFF screens for all
sociodemographic and psychological categories in the adolescent
sample can be found in Table 4.

Girls were significantly more likely to screen positive for eating
disorders (23.4%) than boys (14.6%), x*> (1, N=1,018)=12.89,
p<0.001, V=0.11. There was a significant association between age
groups and the SCOFF categories, x* (2, N=1,022) =13.43, p=0.001,
V=0.12. Descriptively, the proportions of positive SCOFF screenings
increased with increasing age (12-13 years: 13.9%, 14-15years: 18.0%,
16-17years: 24.8%). Post-hoc tests revealed significant differences
between the youngest and oldest groups, but not differences between
the 14-15-year-olds and any other group. The proportion of
adolescents scoring positive on the SCOFF did not differ by level of
education, y* (1, N=1,021)=0.42, p=0.517, V=0.02, with similar rates
in low (18.2%) and high (19.9%) educational levels. There was also no
significant association between social status and fulfilling the SCOFF
screening criterion, x> (2, N=1,021)=4.96, p=0.084, V=0.07.
Descriptively, participants with lower and middle social status were
less likely to screen positive for eating disorders than participants with
high social status (low: 18.4%, middle: 17.1%, high: 23.7%).

Body image was significantly associated with fulfilling the SCOFF
screening criterion, x> (2, N=1,020)=82.75, p<0.001, V=0.29.
Participants who considered themselves to be a bit or far too thin or
fat were significantly more likely to screen positive for eating disorders
(29.5 and 41.8%, respectively) than individuals who believed to have
exactly the right weight (9.2%). There was no significant difference
between the individuals who considered themselves a bit vs. far too
thin or fat.
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TABLE 3 Sample characteristics of the weighted and unweighted sample
of adolescents.

Variable Unweighted Weighted
sample, n (%)  sample, n (%)
Gender
Male 514 (50.3%) 527 (51.6%)
Female 504 (49.4%) 492 (48.2%)
Diverse 3(0.3%) 3(0.3%)
Age groups
12-13years 340 (33.3%) 339 (33.2%)
14-15years 346 (33.9%) 343 (33.6%)
16-17years 335(32.8%) 339 (33.2%)
Level of education
Low 603 (59.1%) 603 (59.1%)
High 418 (40.9%) 418 (40.9%)

Social status

Low 115 (11.3%) 114 (11.2%)
Middle 668 (65.4%) 666 (65.2%)
High 238 (23.3%) 241 (23.6%)

2

Body image (Do you think you are...

... exactly the right weight? 562 (55.0%) 565 (55.4%)

...abit too thin/fat? 403 (39.5%) 400 (39.2%)

...far too thin/fat? 56 (5.5%) 56 (5.4%)

Health literacy

Inadequate/problematic 548 (53.7%) 544 (53.3%)

473 (46.3%) 477 (46.7%)

Adequate

There was a significant association between SCOFF and health
literacy categories, x> (1, N=1,021)=24.93, p<0.001, V=0.16,
indicating lower proportions of positive SCOFF screenings in
adolescents with adequate (12.4%) vs. inadequate and problematic
health literacy (24.6%).

4 Discussion
4.1 Principal findings

The present study investigated the suspected presence of
eating disorders in two representative samples of the German-
speaking population in Germany and its association with
sociodemographic and psychological factors including body
image and health literacy.

Overall, 19.6% of adults and 18.9% of adolescents screened
positive for eating disorders. For adolescents, these proportions are
largely in line with previous investigations in Germany (Herpertz-
Dahlmann et al., 2008; Cohrdes et al., 2019). However, for adults,
results are substantially higher than in a previous investigation
(Richter et al., 2017). This discrepancy might reflect an increase in
potential eating disorder prevalences in the last years, previously
reported outside Germany (Romano et al., 2022) or it might be due to
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TABLE 4 Proportions of positive and negative SCOFF screens in the
adolescent sample for the gender, age, level of education, social status,
body image and health literacy categories.
Likely to have Not likely to
have an eating
disorder (%)

an eating
disorder (%)

Gender

Male 14.6% 85.4%

Female 23.4% 76.6%
Age groups

12-13years 13.9% 86.1%

14-15years 18.0% 82.0%

16-17 years 24.8% 75.2%
Level of education

Low 18.2% 81.8%

High 19.9% 80.1%
Social status

Low 18.4% 81.6%

Middle 17.1% 82.9%

High 23.7% 76.3%
Body image (Do you think you are...)

... exactly the right weight? 9.2% 90.8%

...abit too thin/fat? 29.5% 70.5%

...far too thin/fat? 41.8% 58.2%
Health literacy

Inadequate/problematic 24.6% 75.4%

Adequate 12.4% 87.6%

A positive SCOFF screen, defined as two or more “yes”-responses on the five SCOFF items,
classifies individuals as likely to have an eating disorder. To confirm the presence of an eating
disorder, positive screens need to be followed up with a more in-depth clinical assessment.

methodological differences between our own and the previous study
(Richter et al., 2017). The same questionnaire might produce different
results when used in an online compared to an offline sample, e.g., due
to social desirability (Zhang et al., 2017; Richter et al., 2017).

Among adolescents, large and significant gender differences were
delineated. Specifically, girls were more likely to screen positive for
eating disorders than boys, which is consistent with previous meta-
analytic findings from global data (Lopez-Gil et al., 2023). In our
sample, rates of positive screenings for eating disorders in boys were
slightly lower than in the same meta-analysis (Lopez-Gil et al., 2023)
but broadly similar to previous investigations in German-speaking
samples (Herpertz-Dahlmann et al., 2008; Cohrdes et al., 2019; Zeiler
etal, 2016). In contrast, rates in girls were lower in our sample when
compared to the meta-analysis and previous investigations in German-
speaking samples (Herpertz-Dahlmann et al,, 2008; Cohrdes et al.,
2019; Zeiler et al., 2016), which might be cautiously interpreted as an
overall negative trend over time, previously only observed in boys
(Cohrdes et al., 2019). However, this can only be determined more in
depth when screening questionnaires are followed up with detailed
diagnostic interviews in positively screened individuals.

Surprisingly, there were no significant gender differences in the
adult sample, which contrasts previous findings of increased
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prevalences of eating disorders in women vs. men (Solmi et al., 2014),
but is consistent with previous reports of decreased gender differences
in the SCOFF questionnaire with increasing age (Herpertz-Dahlmann
et al., 2015; Richter et al., 2017).

In both samples, the likely presence of eating disorders was
associated with age. In adolescents, an increase from the younger to
the older age groups was observed, as in a previous meta-analysis
(Lopez-Gil et al,, 2023) and other investigations in German speaking
samples (e.g., Herpertz-Dahlmann et al., 2008). In the adult sample,
the proportions of positive SCOFF screens decreased with increasing
age, also in line with previous research (Solmi et al., 2014). Together,
the results point to a peak of suspected eating disorder presence in late
adolescence and early adulthood (Herpertz-Dahlmann, 2015).
Prevention programs should therefore specifically target this
age group.

Levels of education were not significantly associated with positive
SCOFF screens in either sample. This finding is consistent with
previous research with mixed or null results concerning the
association of educational levels and eating disorders (Mitchison and
Hay, 2014; Barakat et al., 2023; Solmi et al., 2014).

Social status was significantly associated with positive SCOFF
screens only in adults, where higher proportions of suspected eating
disorders were found in individuals with low compared to middle
and high subjective social status. Descriptively, this pattern of results
was reversed in adolescents (i.e., higher proportions with higher
social status), but differences did not reach statistical significance.
Importantly, social status was assessed differently in both samples,
which is why results are not entirely comparable. In adults, social
status was assessed with a subjective ranking, which might more
closely mirror the perceived social structure of society. Conversely,
the approach in adolescents might more specifically represent
socioeconomic status as the items refer to material assets in the
family. Overall, no clear associations of social status and eating
disorders have been identified (Barakat et al., 2023).

As in previous studies (Cohrdes et al., 2019; Stefanova et al., 2020),
subjective body image was significantly associated with suspected
eating disorders in both groups. Critically, in both samples, proportions
of positive eating disorder screens above 40% were found in those who
considered themselves far too thin or far too fat. This is particularly
worrying since shape or weight concerns are key features of both
anorexia nervosa and bulimia nervosa (Treasure et al., 2020). However,
no objective measure of weight or body mass index was obtained in
this study, which is why subjective body image cannot be put into
context of actual overweight or underweight. Cautiously, the results
suggest that body image should be regarded as particularly important
factors to address in future prevention programs. First approaches
focusing on body image have been developed and evaluated but more
high-quality research is needed to assess their effectiveness in reducing
eating disorder symptoms or prevent onset of eating disorders (Yager
and O'Dea, 2008; Le et al., 2017; Koreshe et al., 2023).

To our knowledge, this was the first study to link potential eating
disorders with health literacy in large population-representative
samples in Germany. In both our samples, higher proportions of
suspected eating disorders were found in individuals with problematic
or inadequate health literacy than in those with adequate health
literacy. This finding is in line with previous research (Campanino

et al, 2023; Boberovd and Husdrovd, 2021). Although the
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cross-sectional design of our study precludes causal interpretation,
our results suggest that health literacy may be an important factor to
integrate into prevention strategies for eating disorders. First programs
to enhance health literacy have been conceptualized and evaluated
(Visscher et al., 2018; Walters et al., 2020). However, there is still a
need for more targeted interventions, higher quality evaluations and
a broader dissemination of positively-evaluated programs (Visscher
et al., 2018; Walters et al., 2020).

4.2 Limitations

The results of this study have to be interpreted in the light of
several limitations.

First, the cross-sectional design of the study does not allow causal
interpretations of the association of the investigated constructs (Wang
and Cheng, 2020). This means, for example, that we cannot
unequivocally identify low health literacy as a risk factor for eating
disorders as the direction of the association might be reversed.

Second, the adult sample is only representative of the German-
speaking population with internet access in Germany. This means,
that the results cannot be generalized to individuals without internet
access or with limited knowledge of the German language.

Third, a recent meta-analysis points to reduced sensitivity of the
SCOFF when applied in community samples compared to more
homogeneous samples (such as young females) (Kutz et al., 2020),
which has also been found in Germany (Richter et al., 2017).

Fourth, the SCOFF was not designed to address other—arguably
even more prevalent—eating disorders such as binge eating disorders
(Morgan et al., 1999; Kutz et al., 2020). A revision and extension of the
questionnaire covering this topic might be necessary in the future.

Fifth, this study focused on potential eating disorders. However,
some of the constructs reported here, such as negative body image,
might not only be related to eating disorders but also to other
psychiatric conditions such as mood disorders that are not the focus
of the present work (Paans et al., 2018). Future studies should address
potential associations between body image, different psychiatric
conditions and eating behaviors, especially due to their high
comorbidity (Preti et al., 2009).

Lastly, a further limitation concerning the SCOFF questionnaire is a
potential inaccuracy in the German translation, which has been pointed
out before (Zeiler et al., 2016) and might inflate the number of positive
SCOFF screenings. The English verb “dominates” in item 5 was translated
to “beeinflusst sehr” which can be back-translated to “influences a lot”
In our sample, as in other German samples (Zeiler et al., 2016; Herpertz-
Dahlmann et al,, 2015), the rate of positive responses to this question is
higher than in non-German speaking samples (Watson et al., 2015; e.g.,
Peat et al., 2015). Specifically, in the present study, 40.7% of adults and
26.0% of adolescents gave an affirmative response to this item. However,
overall rates of positive SCOFF screenings in our samples are not higher
than in a recent meta-analysis (Lopez-Gil et al, 2023). This can
be interpreted in two ways: either the inaccurate translation does not
negatively impact the diagnostic accuracy of the SCOFF or prevalences
oflikely eating disorders are in fact lower in Germany but inflated by the
disproportionate number of affirmations of item 5. Taken together,
we propose a re-evaluation of the German version of the SCOFF to make
it more comparable to other language versions.
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4.3 Summary and conclusion

This was the first study to comprehensively investigate the
associations of the suspected presence of eating disorders, particularly
anorexia nervosa and bulimia nervosa, with several sociodemographic
variables as well as body image and health literacy in two large and
population-representative samples of German-speaking adolescents
and adults. Suspected eating disorders were more likely in female than
male adolescents but were not related to gender in adults. Highest
rates of suspected eating disorders were found in late adolescence and
early adulthood. While levels of education were unrelated to suspected
eating disorders, low subjective social status was associated with
higher rates of suspected eating disorders in adults but not adolescents.
Individuals with low levels of health literacy and negative body image
had higher levels of suspected eating disorders than individuals with
adequate health literacy and more positive body image. The overall
high rates of suspected eating disorders in both samples highlight the
need for more preventive programs to lower the overall burden of the
disorders. These could be targeted particularly at female individuals
in late adolescence and early adulthood and should address aspects of
body image and health literacy.
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Introduction: Football requires high physical fitness and often involves
maintaining a specific physique, leading to harmful eating behaviors due to
internal and external pressures. Cultural norms influence the prevalence and
types of eating disorders (ED), with differences in eating habits, beauty standards,
and socio-cultural pressures affecting ED development. This study assesses ED
risk and analyzes socio-cultural attitudes toward body image among Polish and
Turkish female football players.

Methods: The study was conducted from April to June 2024 and included 103
professional female football players aged 18—-35 from Polish (n = 49) and Turkish
(n =54) clubs. Data were collected using the CAWI method via Google Forms.
Participants completed EAT-26 and SATAQ-3 questionnaires, assessing ED risk
and socio-cultural attitudes toward body image.

Results: 40.8% of participants were at risk for ED. No differencesin ED prevalence
were found between groups of different nationalities. Polish footballers at risk of
ED scored higher on the Internalization-Pressure and Information subscales and
the overall SATAQ-3 score. A weak but significant positive correlation was found
between SATAQ-3 and EAT-26 scores.

Discussion: The study finds no nationality-based differences in ED prevalence
among professional female football players, but ED is widespread, affecting
about 407% of players. Nutritional status impacts ED risk, with higher risk among
underweight and overweight players. Polish players are more influenced by
socio-cultural standards of body image promoted by mass media. The study
underscores the need for regular screening and psychological support.
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1 Introduction

Football requires a high level of physical fitness, often necessitating
the maintenance of a specific physique (1). Athletes face both internal
and external pressures, including from teammates, coaches, and sports
systems, to achieve and maintain a particular body shape for optimal
performance and to meet esthetic ideals (2-5). These pressures can
lead to overtraining and harmful eating behaviors, such as dietary
restrictions and self-induced vomiting, particularly among women
who face additional appearance-related pressures (2, 3, 6, 7). Social
media further exacerbates these issues by promoting unrealistic
beauty standards (8). Although there is evidence linking social media
use to eating disorder (ED) prevalence among football players, there
is a lack of research specifically on female players (9).

Eating disorders are behavioral disorders characterized by
excessive weight control and obsessive thinking about food (8).
According to American Psychiatric Associations classification
(DSM-V), these disorders are categorized into specific (e.g., anorexia
nervosa, bulimia nervosa) and non-specific types, which include
behaviors like emotional eating or food fanaticism (10). The
International Statistical Classification of Diseases and Health
Problems (ICD-11) classifies eating disorders as mental disorders
linked to physiological and psychological factors, often accompanied
by anxiety, depression, obsessive-compulsive disorder, and reduced
quality of life (11). These disorders lead to harmful eating behaviors,
such as starvation, frequent meal skipping, overeating followed by
purging, and excessive exercise (12). Abnormal eating behaviors and
overtraining in female athletes can lead to Relative Energy Deficiency
in Sport (RED-S), a syndrome marked by low energy availability due
to an imbalance between energy expenditure and intake (13, 14).
RED-S, which evolved from the “female athlete triad,” is associated
with injuries, reduced athletic performance, and serious health issues
(13, 14).

Although there is extensive literature on ED in athletes, results are
inconclusive. Some studies report higher levels of ED psychopathology
in athletes compared to non-athletes, while others find no difference
or the opposite effect (15). Differences in aspects such as body
dissatisfaction, striving for thinness, and food restriction complicate
the prioritization of research and prevention efforts without
identifying specific at-risk sports and sociocultural factors (16-18).

ED are well-documented among athletes in esthetic sports, where
they are judged on aspects like harmony of movement, physical
attractiveness, and thinness (19, 20). However, recent studies show
that ED also occur in non-esthetic sports, including individual sports
like running, triathlon, cycling, and sports with weight categories
(21-25). Therefore, it may be more appropriate to categorize sports as
lean and non-lean (25).

Ball sports, where athletes’ weight and size do not directly affect
performance, are classified as non-lean sports (25, 26). Despite this,
studies show the presence of eating disorders (ED) among female
footballers and volleyball players (9, 27). For example, Staskiewicz
etal. (9) found that many football players are at risk of developing ED,
and Torres-McGehee et al. (28) reported that 25% of female football
players experienced overeating. ED can occur in both lean esthetic
and non-esthetic sports, including ball sports.

In the literature on the risk of ED among athletes, there are
increasing inquiries about whether the risk of developing these
disorders varies depending on the position of players on the field and
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their injury history. For instance, research by Torres-McGehee et al.
has shown that athletes who have undergone periods of rehabilitation
after injuries often exhibit higher levels of anxiety about their body
and weight (28). Prolonged inactivity may lead to concerns about
losing physical fitness, which in turn increases the risk of developing
unhealthy eating patterns, such as excessive caloric restriction or
intensive exercise to quickly regain fitness. On the other hand,
research by Escobar-Molina et al. found that athletes participating in
sports with a higher risk of injury are more susceptible to eating
disorders due to the pressure to return to training and competition as
quickly as possible (24). The rehabilitation process can lead to an
obsession with weight and physical performance, particularly among
athletes who fear losing their place on the team roster.

Additionally, the position of an athlete on the field can significantly
influence the perceived risk of eating disorders. Studies on athletes
playing different positions in football have shown that forward are
often more exposed to pressure related to appearance and weight
compared to defenders or goalkeepers (21). This group of players often
strives to maintain a low body fat percentage, which is associated with
the pressure to maintain a specific physique and physical fitness,
especially in sports where speed and agility play a key role. Further
research, such as that conducted by Sundgot-Borgen and Torstveit,
indicated that female athletes in certain field positions, particularly
those in more physically demanding roles, may be more susceptible to
eating disorders (29). These positions require maintaining low body
weight and high endurance, which can lead to unhealthy dietary
practices to meet these demands.

Nationality and culture significantly impact the assessment of ED,
influencing beauty norms, social expectations, access to resources, and
psychological aspects (30). Cultural differences in beauty standards
and ethnic diversity in diets and rituals can affect ED types and
prevalence (31). Studies highlight differences in ED psychopathology
between Western and non-Western societies, emphasizing the need
for culturally sensitive assessment tools (32). The rise of ED in
non-Western countries challenges the view that they are solely a
Western issue, revealing complex cultural interactions (33). Western
societies show higher levels of body dissatisfaction and general
psychopathology than non-Western countries (34). Cultural pressures
and media portrayals of ideal bodies further complicate the
relationship between culture and ED development (35). Effective ED
assessment requires considering cultural context to provide
appropriate diagnosis and treatment.

Sociocultural theory provides a framework for exploring how
environmental influences affect body image concerns. The
Attitudes
(SATAQ-3) measures awareness and internalization of societal

Sociocultural Toward Appearance Questionnaire
influences on appearance (36). Research consistently supports a strong

relationship  between sociocultural influences and body
dissatisfaction (37).

The purpose of the study is to assess the risk of ED and analyze
sociocultural attitudes toward body image among Polish and Turkish
female football players. The study aims to identify differences in ED
risk levels and attitudes toward beauty standards and social pressures
between the two groups, taking into account the influence of
nationality on these phenomena.

The study hypothesized that (1) female football players are at
significant risk of eating disorders, furthermore (2) female football

players from Poland and Turkey differ in their risk of eating disorders
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(3) there are differences in socio-cultural attitudes toward body image
between the groups.

2 Materials and methods
2.1 The procedure of the survey

The survey was conducted from April to June 2024. Utilizing the
CAWI (Computer-Assisted Web Interview) method, data was
collected via a web form, an accepted approach in psychological
research. Google Forms was chosen for its user-friendliness,
accessibility, and customizability. Athletes were given a QR code
before the start of the training session that directed them to the survey.
Researchers explained the process beforehand to ensure proper
understanding and minimize errors. The female football players
completed the survey as soon as they received the QR code, and no
time limit was set for completing the questionnaire.

The study used purposive sampling. With this method, the sample
was selected to represent characteristics and specific experiences
related to the topic of the study. Determining precise selection criteria,
such as gender, sports discipline, and nationality, was crucial to
achieving the study’s objectives.

Participants in the study were informed about the purpose of the
study and its anonymity and were asked to accept the rules of data
sharing. Information about informed and voluntary participation in
the study was at the beginning of the questionnaire. The World
Medical Association’s Declaration of Helsinki guided the conduct of
this study. The study was approved by the Bioethics Committee of the
Silesian Medical University in Katowice (BNW/NWN/0043-
3/641/35/23, date of approval: 22/09/2023) in light of the Law of
December 5, 1996 on the Profession of Physician and Dentist (Journal
of Laws 2016, item 727).

2.2 Study participants

The study involved 103 female football players aged 18-35 from 4
sports clubs, 2 clubs were located in Poland (n=49) and 2 in Turkey
(n=54). Based on the location of the clubs, the players were divided
into two groups: Polish female football players (PL) and Turkish
female football players (TR). The Polish players competed in the
Ekstraliga (1st level of play) and I Liga (2nd level of play), while the
Turkish players participated in the Women’s 2nd league (3rd level of
play) and Women’s 3rd league (4th level of play). All clubs participating
in the study, according to the statutes of the Polish Football Association
(PZPN) and the Turkish Football Federation (TFF), participate in
professional football competitions (38, 39). The response rate for the
PL group was 90.74%, and for the TR group, it was 96.42%.

The study was conducted in the final phase of the starting spring
round of the 2023/2024 league season, all players were tested during
the same period of the training macrocycle to obtain comparable results.

The inclusion criteria for the study were as follows: (1) female gender
(2) club consent for study participation, (3) voluntary participation, (4)
age 18years or older, (5) active player status at the time of the study, (6)
no injuries leading to a training break of at least 7 days within the last
2months, (7) proficiency in Polish or Turkish. The exclusion criterion
was any incorrectly or incompletely completed questionnaire.

Frontiers in Nutrition

10.3389/fnut.2024.1456782

2.3 Research tools

A survey questionnaire was used to conduct the study, which
consisted of a metric section (respondent’s data: age, height,
weight, chronic diseases including mental disorders such as
depression, eating disorders, neurosis, etc., medications taken,
education, position held, sports experience, number of workouts
per week, sources of nutritional knowledge, food exclusions,
information on social media use) and questionnaires- Socio-
Cultural Attitudes Questionnaire (SATAQ 3) Eating Attitudes Test
(EAT-26).

2.3.1 Body mass index

The nutritional status of the subjects was evaluated through the
calculation of the body mass index (BMI). BMI was derived using the
standard formula:

body weight (kg)

BMI = 3
height(m)
The results were interpreted according to the World Health
Organization (WHO) (40).

2.3.2 EAT-26

The study used a screening tool to assess ED risk, the American
Dietary Attitudes Test developed by Garner et al. 448. This
questionnaire is a widely recognized standardized instrument used to
identify symptoms indicative of ED risk. It is designed to screen
individuals both with a clinical diagnosis and those at risk for AN, BN,
or obesity. EAT-26 is one of the most extensively used diagnostic tools
in global studies on the prevalence of eating disorders. The author of
the Polish standardization of the tool is K. Wlodarczyk-Bisaga (41),
while the Turkish standardization was developed by F. Elif Ergiiney-
Okumus and H. Ozlem Sertel-Berk (42). The test is not a diagnostic
tool, but some authors have suggested that the EAT-26 can identify
cases at risk for ED on the clinical spectrum (43).

The interpretation of the EAT-26 questionnaire consists of three
“referral criteria” that determine whether the respondent should
report for further evaluation of ED risk:

1. The final score on the EAT-26 questionnaire is calculated by
summing the scores from 26 questions that evaluate attitudes
toward nutrition. Questions 1 through 25 are scored as follows:
Always =3 points; Usually=2 points; Often=1 point; Other
answers =0 points. Question 26 is scored inversely: “Never” =3
points, and so forth. The total score ranges from 0 to 78. A
score of 20 or higher indicates a potential risk for an eating
disorder, warranting consultation with a specialist for
further evaluation.

2. Questions regarding behavioral patterns may indicate the
presence of symptoms associated with ED or recent significant
weight loss. These questions target compensatory behaviors
such as the use of laxatives, self-induced vomiting, binge
eating, excessive physical activity, and rapid and significant
weight loss over a short period. An affirmative response to
any of these questions might suggest abnormalities and
necessitate further diagnostic evaluation for ED.
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3. The survey contains specific questions about respondents’
height, body mass, and gender, which are essential for
calculating the BMI. BMI can indicate potential risks of ED,
particularly if the body mass is significantly low relative to age
standards. By evaluating BMI alongside height, body mass, and
gender data, it becomes possible to identify individuals at risk
and highlight the need for further analysis. Interpretation of
women’s BMI compared to norms for age (44).

The overall EAT-26 scale in the Polish version showed very good
omega McDonald’s internal consistency at 0.811. For individual
subscales, it was 0.790 for part A, 0.777 for part B. In contrast, the
Turkish version of the EAT-26 scale showed satisfactory omega
McDonald’s internal consistency of 0.727. For individual subscales, it
was 0.742 for part A, 0.704 for part B.

2.3.3 SATAQ-3

The Socio-Cultural Attitudes Toward Appearance Scale 3 (SATAQ
3) is a widely used method of measuring the influence of socio-cultural
norms promoted by mass media on attitudes and behaviors regarding
the body and physical appearance. The scale was developed by Heinberg
and Thompson (45). The SATAQ 3 questionnaire and its earlier
versions are useful methods for assessing the strength of pressure and
internalization of socio-cultural standards of body image and physical
appearance. Correlational studies have shown significant associations
between the SATAQ 3 and measures of body image and ED indicators,
such as body dissatisfaction and striving to be excessively thin (46). The
questionnaire consists of 30 items to which the respondent should
respond using a five-point Likert scale, where 1 means strongly disagree
and 5 means strongly agree. The scale has four homogeneous factors:
Internalization-General, Internalization- Athlete, Pressures and
Information. Cronbach’s a coefficient calculated for the entire tool was
0.96 (45). The original internal structure of the SATAQ-3 has not been
replicated in the different versions and adaptations (47).

The study used the Polish version of the questionnaire developed
by Izydorczyk B. Lizinczyk S. (48) and the Turkish version developed
by Swami V. et al. (49).

2.3.3.1 Polish version

The results of factor analysis and unsatisfactorily low values of
factor loadings for the identified factors in items #3 and #9 resulted in
the exclusion of these items from the Polish version of the SATAQ-3
questionnaire, which contains 28 questions (46). Four factors obtained
in the Polish version of the SATAQ-3 questionnaire were named
differently than in the English version of the tool. Internalization-
Pressure scale (12 items), Internalization-Information Seeking scale
(6 items), Internalization-Athlete scale (4 items), Information scale (6
items). Cronbach’s a coeflicients were satisfactory for the individual
subscales of the tool in the surveyed population of Polish men and
women. They ranged from 0.76 to 0.92. The Polish adaptation and
normalization of the SATAQ-3 have similar reliability and statistical
properties to the original version of the tool developed by Thompson
etal. (42, 46).

The overall SATAQ scale in the Polish version showed very good
internal consistency of McDonald’s omega at 0.927. For the
“Internalization-Pression” scale it was 0.956 for the “Internalization-
Athlete” scale it was 0.849 for the “Internalization-Information
Seeking” scale it was 0.817 for the “Information scale” it was 0.831.
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2.3.3.2 Turkish version

The results of the analysis showed that item #20 appeared to cross-
load two factors, this resulted in the exclusion of this item from the
Turkish version of the SATAQ-3 questionnaire, which contains 29
questions (47). The Turkish version of the SATAQ-3 questionnaire has
four factors: Information (9 items), Pressure (7 items), Internalization-
General (9 items), and Internalization-Athlete (4 items) and internal
consistency of the scale in was 0.93, while it ranged between 0.70 and
0.91 for the subscales. The Turkish adaptation and normalization of
the SATAQ-3 have similar reliability and statistical properties to the
original version of the tool developed by Thompson et al. (45, 48, 49).

The overall SATAQ scale in the Turkish version showed very good
internal consistency of McDonald’s omega at 0.923. For the
“Internalization- General” scale it was 0.828 for the “Pressure” scale it
was 0.888 for the “Internalization-Athlete” scale it was 0.734 for the
“Information” scale it was 0.846.

2.4 Statistical analysis

Statistical analyses were performed using Statistica v.13.3 (Stat
Soft Poland) and the R package v. 4.0.0 (2020) under the GNU GPL
(The R Foundation for Statistical Computing). To present quantitative
data, mean values and standard deviations (X + S) were calculated; for
qualitative data, percentage notation was used.

The statistical analysis used the Chi* and Fisher’s exact test to
compare groups. The Chi* test was used to evaluate differences
between groups for categorical variables such as education level,
sources of nutrition knowledge, and frequency of additional training
outside the sports club. Fisher’s exact test was used in situations where
the sample sizes in each category were too small for the Chi-square
test to be meaningful. The significance of differences between female
football players of different origins was assessed using Student’s t-test
for two parametric groups, analysis of variance (ANOVA) for three or
more parametric groups, Mann-Whitney U test for two
non-parametric groups, and Kruskal-Wallis test for three or more
non-parametric groups. Pairwise comparisons of body weight
measurements were made using the Durbin-Conover test.

To examine the relationship between EAT-26 and SATAQ-3
scores, the Spearman Correlation Coeflicient was used. This coefficient
measures the strength and direction of the relationship between two
ordinal variables.

Alinear regression analysis was conducted to assess the relationship
between various dimensions of sociocultural internalization and the
EAT-26 score, which measures the risk of ED. The results of the analysis
are presented in the form of regression coefficients (Estimates), along
with standard deviations, t-statistics, and statistical significance levels.

A value of p<0.05 was used as a criterion for statistical significance.

5 Results
3.1 Characteristic study group

One hundred and three female football players participated in the
study after considering the inclusion and exclusion criteria. Based on

their club origin, the players were divided into two groups: the first
group (n=49) consisted of female players from Polish clubs (PL),
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while the second group (n=>54) consisted of female players from clubs
located in Turkey (TR). One female football player had a chronic
illness (allergy) and was taking medication (Flixonase). The
educational background of the participants varied between the two
groups. Female athletes from Poland had primary (N=11), secondary
(n=29), and higher education (n=9), while Turkish women had only
secondary (n=9) and higher education (n=45; p <0.001). There were
differences in the sources of nutritional knowledge among the female
athletes. The Polish women drew their knowledge mainly from the
internet (n=25) and from a nutritionist (n=11), while the Turkish
women obtained theirs from a coach (n=22) and the internet (n=17;
p<0.001). No significant differences were observed in performing
additional training units outside the sports club (p=0.559), with the
majority of female athletes declaring that they train 1-2 times per
week (n=44) or 3-4 times per week (n=35). According to the
interpretation of the BMI index, one female athlete from Poland was
overweight, while five female athletes from Turkey were underweight
(p=0.056).

The players were also asked about their lowest and highest body
weight in adulthood, as well as what they thought was the ideal body
There was a statistically significant difference between PL and TR
female football players in the question about the highest body weight
(p=0.017). In addition, there was a statistically significant difference
between the highest (p <0.001), lowest (p <0.001), and ideal (p=0.002)
body weight and current body weight for the entire study group
(Table 1).

3.2 Risk of ED

Based on the results of the EAT-26, Part A questionnaire, it was
estimated that 11.7% of the respondents (both Polish and Turkish
women) were at risk for ED and should seek further diagnosis from a
specialist. There were no significant differences between the groups in
the total EAT-26, Part A test score, which may indicate the risk of
developing eating disorders (p=0.242). Additionally, there were no
statistically significant differences between the groups in terms of
nutritional status as interpreted by BMI value according to WHO
recommendations (p=0.787), education level (p=0.208), and the

10.3389/fnut.2024.1456782

amount of additional training outside the sports club (p=0.123),
about the total score of the EAT-26, Part A test.

According to the accepted results in the behavioral questions from
the EAT-26 test, Part B, it was estimated that 28.6% of Polish and
33.3% of Turkish female football players met the criterion that may
indicate a risk of developing ED. There was no significant effect of
nationality on EAT-26 test scores for behavioral questions (p=0.602).
Additionally, no statistically significant differences were found
between groups in terms of nutritional status as interpreted through
BMI values according to WHO recommendations (p=0.291),
education level (p=0.637), and the amount of additional training
outside the sports club (p=0.192) concerning the total EAT-26 Part B
test score.

According to the accepted norms in Part C of the EAT-26 test (low
body weight compared to age norms), it was estimated that 2% of
Polish and 16.7% of Turkish female football players met a criterion
that may indicate a risk of developing an ED. There was a significant
effect of nationality on the results of Part C of the EAT-26 test
(p=0.012). Additionally, no statistically significant differences were
found between the groups in terms of education level (p=0.162) and
the amount of additional training outside the sports club (p=0.345)
to the EAT-26 Part C test score.

Based on the overall results and interpretation of the EAT-26
questionnaire, it was found that 40.8% of the female respondents
(both Polish and Turkish) met at least one of the three criteria that
may indicate the likely existence or susceptibility to ED. These
individuals should see a specialist for further diagnosis. There was no
significant effect of the level of origin on the overall EAT-26 score
(p =0.231). Statistically significant differences were found between
nutritional status interpreted through BMI values according to WHO
recommendations and the total EAT-26 score (p =0.004). Overweight
and underweight athletes were more likely to have an increased risk
of ED. There was no relationship between education level and the total
EAT-26 test score (p =0.416). However, there was a correlation
between the frequency of extra training outside of the football club
and the total EAT-26 test score (p =0.025). The conducted study did
not show a statistically significant relationship between the players’
position on the field and the risk of ED, as assessed by the EAT-26
scale. The result of the statistical analysis (p =0.328) suggests that the

TABLE 1 Characteristics of the study group, including the current, lowest, highest, and considered ideal body mass of female football players (n = 103).

Total (n =103) PL (n =59) TR (n =54) p-value

Age [years] 21.80+3.47 2220415 21.40+2.70 0.295
Height [cm] 166.00+6.16 168.00+5.81 155.00+6.09 0.006*
Body mass [kg] 58.10+6.31 60.50+5.76 55.90+6.03 <0.001%
BMI [kg/m?] 21.00£1.61 21.40+1.28 20.60+1.79 0.010%
Body mass; CURRENT 58.10+6.31 60.50+5.76 55.90+6.03 0.257
Body mass; LOWEST 53.80+7.29 56.80+6.26 5120%7.17 0.393
Body mass; HIGHEST 61.70+7.48 64.1%7.38 59.646.96 0.017%
Body mass; IDEAL 57.70 £5.45 59.30+5.46 56.20£5.05 0.006%

CURRENT - HIGHEST p<0.001%

CURRENT - LOWEST p<0.001*

CURRENT - IDEAL p=0.002%

All data are presented in the table as mean and standard deviation (X +SD); BMI, Body Mass Index; PL, Polish female football player; TR, Turkish female football player; *p <0.05.
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position played by the athlete does not significantly influence the risk
of developing eating disorders (Table 2).

3.3 Influence of sociocultural attitudes
toward appearance on ED risks

Analyzing the results obtained using the SATAQ-3, significant
statistical relationships were found in the group of Polish athletes.
Football players at risk of developing ED scored higher in the sections
Internalization-Pressure (26.5+12.2 vs. 18.3+7.04, p=0.010),
Information (13.6 £5.05 vs. 10.5+3.54, p=0.041), and the total scale
(69.8+17.8 vs. 56.8+15.3, p=0.011). In the group of Turkish athletes,
no statistically significant relationships were found between the scores
in individual sections and the risk of developing ED. Additionally,
significant statistical differences were found between the groups of
Polish and Turkish athletes in the overall number of points obtained
(61.3+17.2 for the PL group vs. 73.1£19.6 for the TR group,
p=0.002). Detailed information is presented in Table 3.

3.4 Relationship between SATAQ-3 score
and EAT-26

The analysis revealed a statistically significant positive correlation
between the scores of SATAQ-3 and EAT-26 (p=0.036, p=0.207). This

TABLE 2 Summary of ED risk estimation (EAT-26; n=103).

10.3389/fnut.2024.1456782

indicates a weak but significant association, suggesting that higher
scores on one test are related to higher scores on the other (Figure 1).

3.4.1 Linear regression analysis of EAT-25 AND
SATAQ-3 in PL group

The Table 4 presents the results of a linear regression analysis
aimed at examining the relationship between various dimensions of
sociocultural internalization (Internalization-Pressure, Internalization-
Information Seeking, Internalization-Athlete, Information) and the
EAT-26 score, which measures the risk of eating disorders. A significant
effect on the EAT-26 score was observed for two variables:
Internalization-Pressure (p <0.001) and Information (p =0.029).
Internalization-Pressure had a positive impact on the score, indicating
that greater internalization of societal pressure is associated with an
increased risk of eating disorders. On the other hand, the Information
variable had a negative effect, suggesting that access to information
may reduce the risk of ED. The other variables, such as Internalization-
Information Seeking and Internalization-Athlete, did not have a
significant impact on the EAT-26 score (p >0.05). The models fit
measure (R*=0.33) indicates that approximately 33% of the variability
in EAT-26 scores can be explained by these predictors.

3.4.2 Linear regression analysis of EAT-25 AND
SATAQ-3 in TR group

The Table 5 presents the results of a linear regression analysis
aimed at investigating the relationship between several

EAT-26 Total (103) PL (n=49) TR (n =54)

Elevated risk No risk Elevated risk No risk Elevated risk No risk Elevated risk

Part A n (%) 91 (88.3) 12 (11.7) 43 (87.8) 6(12.2) 48 (88.9) 6(11.1) 0.858
Part B n (%) 71 (68.9) 32(31.1) 35 (71.4) 14 (28.6) 36 (66.7) 18 (33.3) 0.602
Part C n (%) 93 (90.3) 10 (9.7) 48 (98.0) 1(2.0) 45 (83.3) 9(16.7) 0.012%
Entire n (%) 61(59.2) 42 (40.8) 32(65.3) 17 (34.7) 29(53.7) 25 (46.3) 0.231

PL, Polish female football player; TR, Turkish female football player; *p <0.05.

TABLE 3 Comparison of SATAQ-3 scores between Polish and Turkish female football players based on risk of developing ED (EAT-26).

1-P 21.2+9.86 26.5+12.2 18.3+£7.04 0.010% P 15.7£6.16 15.7+5.59 15.8+6.87 0.773
12-60 point 7-35 points

I-IS 17.7+5.94 17.7+4.01 17.7+6.81 0.674 I-G 22.5£5.61 22.6£5.55 22.6+5.76 0.986
6-30 points 9-45 points

I-A 10.9+4.25 11.9+3.94 10.3+4.35 0.184 I-A 11.8+3.80 11.6+3.88 12.0+3.77 0.564
4-20 points 4-20 points

1 11.6+4.35 13.6+5.05 10.5+£3.54 0.041% 1 23.1£7.12 23.0£7.67 232+6.74 0.715
6-30 points 9-45 points

Total 61.3+17.2 69.8+17.8 56.8+15.3 0.011* Total 73.1+19.6 72,8+21.1 73.4+18.5 0.609
28-140 points 29-145 points

p-value 0.002*

All data are presented in the table as mean and standard deviation (X + SD); PL, Polish female football player; TR, Turkish female football player; *p <0.05; ER, Elevated Risk; NR, No Risk;
#p <0.05; I-P, Internalization-Pressure; I-1 S, Internalization-Information Seeking; I-A, Internalization-Athlete; I, Information; P, Pressure; I-G, Internalization-General.
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FIGURE 1
Statistical analysis of the relationship of scores in the SATAQ-3 and EAT-26 tests (n = 103).

TABLE 4 Linear regression analysis of sociocultural predictors and EAT-
26 score in PL group (n =49).

Model coefficients — EAT-26 score; R = 0.574;

TABLE 5 Linear regression analysis of sociocultural predictors and EAT-
26 score in TR group (n =54).

Model coefficients — EAT-26 score; R = 0.306;

R?=0.330 R?=0.0938

Predictor Estimate SE Predictor Estimate SE

Intercept 8.3347 3.673 2.269 0.028 Intercept 2.8540 4.461 0.640 0.525
Internalization-Pressure 0.5131 0.134 3.823 <0.001 Pressure —0.5210 0.285 —1.828 0.074
Internalization- —0.0324 0.153 —0.212 0.833 Internalization-General 0.6846 0.339 2.022 0.049
Information Seeking Internalization-Athlete ~0.0876 0.364 ~0.240 0.811
Internalization-Athlete 0.0274 0.256 0.107 0.915 Information 0.0554 0212 0262 0.795
Information —0.6030 0.267 —2.257 0.029

sociocultural dimensions (Pressure, Internalization-General,
Internalization-Athlete, Information) and the EAT-26 score, which
measures the risk of eating disorders. The model shows that
Internalization-General has a significant positive impact on the
EAT-26 score (p =0.049), indicating that higher internalization of
general sociocultural standards is associated with an increased risk
of eating disorders. The remaining variables were not statistically
significant, indicating they do not have a notable impact on the
EAT-26 score.

The model’ fit (R* =0.0938) suggests that approximately 9.38% of
the variance in the EAT-26 score can be explained by the predictors
included in the model, which indicates a relatively weak fit.

Frontiers in Nutrition

4 Discussion

Following Papathomas and Lavallee’s (50) call for greater
methodological pluralism and focus on athletes from sports with
traditionally low ED incidence, this study found that female football
players are at significant risk for ED, challenging traditional
classifications of high- and low-risk sports. The study aimed to assess
ED risk and analyze socio-cultural attitudes toward body image among
Polish and Turkish professional female football players, identifying
differences in ED risk levels and attitudes toward beauty standards and
social pressure, with a focus on the influence of nationality.

The high risk of ED among this group of athletes, as indicated
by the EAT-26 results, is alarming, with an estimated 40.8% at risk.
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Although football is not typically associated with a high risk of ED,
our findings suggest that Polish and Turkish female football players
may be vulnerable. Assessing ED in this group is crucial due to the
serious risks to both physical and mental health. ED can lead to
severe nutritional deficiencies, negatively affecting physical
performance and increasing injury risk. Long-term ED can shorten
athletes’ careers and are often accompanied by psychological issues,
potentially leading to depression, anxiety, and even
suicidal thoughts.

The prevalence of ED among women can vary significantly by
country, influenced by cultural, social, and economic factors, as well
as the specific sports environments (51). Cultural beliefs and attitudes
are key contributors to ED development, with prevalence differing
across racial, ethnic, and national groups and evolving (52). Although
ED are more widespread in various cultural groups than previously
recognized, our study found no differences between the Polish and
Turkish groups.

In the study by Abbot et al. (53), the prevalence of ED among
football players was assessed using EAT-26, and it was shown that
approximately 11% of the athletes, according to the test interpretation,
are at risk for developing ED. In the study conducted by Izquierdo
et al. (54), similar ED risk rates were reported, indicating that about
11% of men and women playing football were at risk or suffering from
ED. However, in the only other study that assessed the prevalence of
ED risk among elite female football players, the results were less
alarming. In that study, none of the 36 professional athletes scored
higher than the clinical cut-off point of 20 in EAT-26 (29). Our results
indicate that the problem is significantly more widespread. Similar
conclusions regarding the greater prevalence of these disorders were
demonstrated in the study by Staskiewicz-Bartecka and Kardas (9),
where it was shown that 16.7% of male football players are at
risk for ED.

In the present study, approximately 40.8% of female football
players were identified as being at risk of developing ED, a figure
significantly higher than those reported in previous studies such as
Abbott et al., where the prevalence was approximately 11% (53).
Several factors could explain this discrepancy. Firstly, the training
status and season moment at which the study was conducted might
have influenced the findings. Our study was carried out in the final
phase of the spring round, a period that likely involves peak physical
demands and psychological stress as players prepare for or compete in
crucial matches. The pressures related to performance, maintaining
fitness levels, and adhering to body image ideals during this phase
could heighten the risk of disordered eating behaviors (29).

Furthermore, the higher percentages found in our study could
also be attributed to cultural and environmental factors that differ
between studies. For instance, the sociocultural influences on body
image, particularly in Polish athletes, who scored higher on the
SATAQ-3 subscales related to media pressure, may contribute to a
greater internalization of appearance ideals, thereby increasing ED
risk. The differences in training intensity, nutritional guidance, and
psychological support available in the clubs studied compared to other
research settings could also play a role. Future research should
consider controlling for these variables to better understand their
impact on ED prevalence among athletes.

Overall, the data suggest that the prevalence of ED is related
to socio-cultural attitudes toward appearance. In our study, it was
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shown that individuals at risk for ED exhibited higher levels of
socio-cultural attitudes toward appearance. The analysis showed
that in the group of Polish athletes, significant statistical
relationships were found between scores in the Internalization-
Pressure (p =0.010), Information (p =0.041) sections, and the
overall SATAQ-3 scale (p =0.011). In the group of Turkish
athletes, no such relationships were found. Furthermore,
significant statistical differences between the two groups of
athletes in the total number of points obtained in the SATAQ-3
scale (p =0.002) indicate the diversity of cultural influences. The
analysis revealed a statistically significant positive correlation
between the EAT-26 and SATAQ-3 test scores (p =0.036,
p =0.207). This means that there is a weak but significant
relationship between the scores of these two tests, suggesting that
higher scores in one test are associated with higher scores in the
other. Although the correlation is significant, it is important to
note that the correlation coefficient (p=0.207) indicates a weak
strength of this relationship.

These results support and extend the existing literature on the
relationship between socio-cultural attitudes toward appearance and
ED. In the study by Calogero et al. (55), higher SATAQ-3 scores were
shown for patients with BN. Patients with BN scored higher than all
other groups in the Internalization-Athlete section and higher in the
General Internalization section than the AN groups. The means for
the ED sample were higher than the means reported for non-ED
individuals, except for the Information subscale. Correlations
between the SATAQ-3 subscales and the ED assessment scale (EDI)
indicated a positive association between the measures. The utility of
the SATAQ-3 measure should be considered in any future research
aimed at determining predictive factors for the occurrence of ED
problems. The SATAQ-3 is reliable and valid in samples of
individuals with ED and is an appropriate measure for use in this
population (52). The study by Yessenia Lazo Montoya et al. (56)
confirms our results. An association was observed between SATAQ-3
scores, both overall and subscale scores, and the risk of developing
ED (EAT-26).

Over the past two decades, studies have documented an
increase in the public’s desire for slim female figures. Greater media
exposure is linked to more pronounced ED symptoms. The
internalization of the thin ideal has been identified as a causal risk
factor for ED and a significant predictor of success in prevention
efforts (57).

The study posed three key hypotheses: (1) female football players
are significantly at risk of eating disorders (ED), furthermore (2)
female football players from Poland and Turkey differ in their risk of
ED, and (3) there are differences in socio-cultural attitudes toward
body image between the groups.

The results partially confirmed these hypotheses. About 40% of
participants were at risk of ED, confirming the first hypothesis.
However, no significant differences in ED risk were found between
Polish and Turkish players, contradicting the second hypothesis. The
third hypothesis was confirmed, as Polish players were more
influenced by socio-cultural factors promoted by the media, while
Turkish players showed no significant differences in this regard. This
highlights the need for culturally tailored interventions and the
importance of regular screening and psychological support for all
female football players.
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4.1 Strengths and limitations

The strengths of this study include a high participant response rate
(90.74% for the Polish group and 96.42% for the Turkish group),
which enhances the representativeness of the findings and reduces the
risk of selection bias. Additionally, the study was conducted in the
final phase of the spring round of the 2023/2024 league season,
allowing for comparable results in the context of the athletes’ training
phase. The study provides new information on cultural differences and
their impact on the development of ED among professional female
football players from different countries, which constitutes a valuable
contribution to the existing scientific literature. This comparison is
crucial for understanding how varying cultural contexts impact the
mental and physical health of athletes, which is significant for global
prevention and treatment strategies.

However, the study also has some limitations. Firstly, the use of a
cross-sectional design prevents establishing causal relationships
between variables. Future research should include a longitudinal
component that would allow for tracking changes over time and more
reliably determining the direction of influence. Additionally, the study
sample consisted exclusively of professional female football players,
which may limit the generalizability of the results to other groups of
athletes or the general population. Another limitation is the possibility
of self-report errors, which may affect the accuracy of the collected
data, especially in the context of assessing body weight and height.
Although well-validated research tools were used, cultural differences
may affect the way questions in the questionnaires are interpreted and
answered. One of the significant limitations of our study is the lack of
detailed data on the participants’ body composition, such as body fat
percentage, muscle mass, or water distribution, which could provide
more precise information on health status and potential risks related
to eating disorders. The BMI, although commonly used, does not
account for differences in body composition, which may lead to an
inaccurate assessment of nutritional status in individuals with higher
muscle mass, typical of athletes. Moreover, our study lacks detailed
information on nutritional parameters, such as dietary habits, intake
of macro- and micronutrients, and access to appropriate dietary
support. These data could provide valuable insights into the
relationships between nutritional status and the risk of ED. Including
this information in future studies could contribute to a more
comprehensive understanding of the factors influencing the risk of
developing ED in athletes.

5 Conclusion

The results of this study showed that professional female football
players, regardless of nationality, are significantly at risk of ED, with
approximately 40% of the players being at risk. It was demonstrated
that nutritional status, interpreted through the BMI index, affects the
risk of ED. Female football players with underweight and overweight
had a higher risk of ED. Furthermore, differences were found in the
influence of socio-cultural attitudes toward body image among players
of different nationalities. Polish female football players are
characterized by the higher influence of socio-cultural standards of
body image and appearance promoted in the mass media. Polish
players at risk of developing eating disorders scored higher in the
subscales of Internalization-Pressure and Information, as well as in the
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overall SATAQ-3 test score. This relationship was not observed among
Turkish players. The study found a weak but significant positive
correlation between SATAQ-3 and EAT-26 scores, indicating that
higher socio-cultural pressure and internalization are associated with
a higher risk of developing ED. These results suggest the significant
role of regular screenings and mental health support for professional
female football players.
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Objectives: We aimed to assess the influence of psychosocial profiles on dietary
behaviors among school-aged adolescents in China.

Methods: A cross-sectional study was conducted involving 7,862 adolescents
from 100 schools in Shandong, China. Psychosocial profiles and dietary
behaviors were assessed using the Junior High School Students’ Psychosocial
Profiles Questionnaire (JPPQ) and the Chinese Diet Quality Questionnaire
(DQQ), respectively. Linear regression models were used to investigate the
association between adolescents’ psychosocial profiles and dietary behaviors.

Results: The mean age of the participants was 13.18 + 1.15years; 48.5% of
them were boys. The majority of participants (97.90%) were Han Chinese, and
approximately half of the participants (50.90%) resided in rural areas. After
adjusting for sociodemographic characteristics and family computer and Internet
ownership and usage, healthy dietary behavior was positively correlated with
higher psychosocial profile scores (p < 0.05). The stratified analysis results revealed
that the group with the highest psychosocial profile score was associated with an
increased overall global dietary reference (GDR) score in "households without a
family computer and Internet” (8: 5.357, 95% Cl: 4.931-5.784, p < 0.05).

Conclusion: Good psychosocial profiles exhibit a positive influence on healthy
dietary behaviors. Therefore, policymakers should focus on Internet usage to
maximize the positive effects on global youth health behaviors.

KEYWORDS

psychosocial profiles, dietary behavior, adolescent, Shandong, cross-sectional study

Introduction

Adolescence is a critical transitional stage in life, during which individuals are particularly
susceptible to psychological issues stemming from various factors, such as the school
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environment and social influences (1, 2). Emotional stressors such as
academic pressure, exposure to bullying at school, and familial conflicts
can contribute to the development of psychological disturbances in
adolescents. Additionally, the complexities of interpersonal relationships
during this period further exacerbate these problems (3). The
widespread use of online media devices also increases the risk of sleep
deprivation among adolescents, which can have detrimental effects on
both their physical health and mental well-being (4). According to the
World Health Organization, approximately one in seven individuals
aged 10-19years worldwide experiences mental disorders, accounting
for 13% of the disease burden in this age group (5).

Psychosocial profiles of adolescents encompass a multifaceted
construct that integrates societal and psychological elements. These
profiles can be assessed through the adolescents self-reported
internalizing indicators, such as self-perception, emotional self-
awareness, and externalizing behaviors, including school bullying and
aggressive tendencies. These indicators also reflect adolescents’
psychological status (6, 7). Research has shown that negative self-
perceptions, lack of supportive peer relationships, and exposure to
school bullying may contribute to the onset or exacerbation of
depression (8-13). As adolescents progress through this stage of life,
their physical and psychosocial development can significantly
influence their food choices and eating behaviors (14, 15).

As adolescents seek independence and social connections, they
may consume more calorie-dense foods, which can lead to obesity
(16). Furthermore, social media exposure among children and
adolescents promotes increased eating behaviors during viewing
sessions, which also leads to obesity (17).

Consequently, these changes in psychological profiles and
sedentary behaviors increase the risk of obesity among adolescents,
which is becoming a significant public concern globally (18).

Given the abovementioned trend, the 2020-2025 Dietary
Guidelines for Americans (DGA) emphasize the importance of
establishing and maintaining healthy dietary behaviors early in life in
order to reduce the risk of diet-related chronic diseases (19, 20).
Evaluating dietary behaviors involves the use of dietary quality
assessment tools to measure dietary quality scores, which help in
determining adherence to a healthy dietary pattern (21, 22).

Healthy dietary patterns, generally characterized by the consumption
of fruits, vegetables, fish, and whole grains, are widely recognized as
essential components of a healthy diet. These patterns may reduce the
incidence of mental illness and improve psychological well-being (23—
26). Unfortunately, research by Chinese scholars indicates that the
current eating habits of Chinese teenagers are suboptimal. A study
involving 12,860 adolescents aged 11-18years in Shanghai revealed that
a significant portion of their diet consisted of high-sugar and high-
calorie foods, with the prevalence of consuming vegetables and fruits less
than once a day being 25.9 and 47.2%, respectively (27).

Additionally, a school-based investigation in Zhengzhou reported
that up to 80.5% of vocational high school students consumed sugar-
sweetened beverages at least once a week (28). There is a bidirectional
relationship between psychological states and healthy dietary
behaviors. Specifically, a positive psychological state often leads to
better attention to dietary variety and balanced nutrition, thereby
enhancing dietary quality. Similarly, a high-quality diet can help
reduce psychological disorders. This reciprocal relationship
underscores how improvements in one area can positively influence
the other, creating a mutually reinforcing effect. Nutritional
interventions may be enhanced by comprehending the psychological
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status of adult food consumers (29). As children grow older and face
greater stress, the development of healthy eating behaviors becomes
more constrained (30). These findings suggest that psychological
status is intricately linked to healthy eating behaviors.

The majority of research on the correlation between healthy eating
and psychosocial profiles has primarily concentrated on adults and the
elderly, with limited investigation on younger adults. Furthermore,
Rajaram et al. (31) and Parrott et al. (32) have highlighted the
significant focus on memory cognition and memory disorders in
various studies related to dietary patterns, with limited exploration of
their connection to psychological status. Additionally, studies on the
relationship between eating behaviors and different psychological
status among adolescent populations are lacking.

Relevant reviews have emphasized the importance of addressing
the long-term health outcomes of adolescents (33). With the rising
prevalence of mental illness and psychosocial problems among
secondary school students and the significant role of healthy dietary
behaviors in maintaining well-being, it is imperative to investigate the
impact of psychosocial profiles on the dietary behaviors of adolescents.
To fully consider the psychosocial profiles of adolescents, we analyzed
three main layers: self-perception, which is an internalization
indicator, bullying perception, and peer relations, which serve as
externalization indicators.

Materials and methods
Study design and sample

In this study, we utilized the data retrieved from the Population
Health Data Archive (PHDA), which is a data-sharing platform. This
cross-sectional study was conducted to investigate the impact of
psychological status on health and health-related behaviors of junior
school students in Shandong, China. The probability proportional to
size (PPS) sampling method was adopted, and 100 schools from 10
administrative districts were randomly selected based on the specific
geography, population, and socio-economic level of the province in
the 2020 academic year. Schools with fewer than 100 students in each
grade or fewer than 300 students in total were not included in this
study. Information regarding socioeconomic status, social interaction,
nutrition and diet, psychological status, mental health, school
adaptation, quality of life, spare-time physical activity, risk behaviors,
and physical fitness was obtained for this study.

Further details of the PHDA design and sampling methods have
been published in previous research (34, 35). The survey sample
consisted of 11,393 junior adolescents from Shandong Province. After
excluding unreasonable samples and those with missing information
on crucial sociological characteristics or psychological status, a total
of 7,862 participants were included in the data analysis. Our study
encompasses cities from approximately half of the prefecture-level
cities in Shandong, covering the three principal regions: Lunan,
Luzhong, and Lubei. The sample distribution across these regions
demonstrates variability, with each region contributing between 0.07
and 0.23% of the total sample. This distribution aligns with the
observed trend of higher population density in the more developed
areas and lower density in the less developed regions of Shandong. The
sample was randomly selected from various cities across the Shandong
Province, ensuring a comprehensive and representative view
(Figures 1, 2).
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FIGURE 1
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Distribution of survey respondents by city. The proportion of adolescents distributed in each city = the number of respondents in each city/the total
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FIGURE 2
Flowchart of participant.

Outcome variables: junior high school
students health and dietary patterns score

The 17-item questionnaire was developed based on the Global
Dietary Reference (GDR) list. Participants’ dietary status was

Frontiers in Nutrition

evaluated using the modified Chinese Diet Quality Questionnaire
(DQQ), which is a 5-point scale (1-5) for rapid qualitative and
quantitative analyses of participants’ diet quality (36). An
additional inventory file shows this in more detail
(Supplementary material S1).
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The DQQ includes three dietary scores: the GDR healthy score,
the GDR-limit score, and the overall GDR score. The GDR-healthy
score reflects global recommendations for health-promoting foods in
healthy diets. The GDR-limit score reflects global recommendations
for limiting certain dietary components. A low overall GDR score, a
low GDR-healthy score, and a high GDR-limit score indicate poor diet
quality (34, 37). Frequencies of weekly consumption in the
questionnaire were scored as follows: more than once a day (5), about
once a day (4), about once every other day (3), one or two times a
week (2), and never (1).

The total dietary pattern score was calculated based on the two
components using the formula below: overall GDR score=
GDR-Healthy score-GDR-Limit score. A high overall GDR score
represents high quality. In this study, Cronbach’s a was 0.87, and the
questionnaire demonstrated good construct validity (KMO 0.91,
Bartlett’s test p <0.001).

Exposure variables: junior high school
students’ psychosocial profiles

The Junior High School Students’ Psychosocial Profiles
Questionnaire (JPPQ) has 17 items (Supplementary material 52). It
has three main sections, such as self-perceptions, peer relationships,
and perceptions of school bullying. The tool was developed based
on the relevant psychological studies (35, 38). Using a 5-point scale,
the JPPQ assessed participants’ psychological status, with acceptable
internal consistency for self-perceptions, peer relationships, and
school bullying perceptions (Cronbach’s @ =0.86) in this research.
Each participant was asked to answer the self-perception questions
such as “In general, I have a lot to be proud of,” with responses
ranging from low to high across five levels, namely (1) never, (2)
seldom, (3) sometimes, (4) usually, and (5) always. Additionally,
they were asked to respond to the questions about peer relationships
and bullying perceptions of the tool, which is a validated method
for assessing psychosocial status. The students completed the
questionnaire by responding to a series of inquiries. For example,
“I enjoy studying with my friends,” with responses similarly divided
into five levels, namely (1) completely inconsistent, (2) not quite
consistent, (3) sometimes fit, (4) more in line with, and (5) very
consistent. For negatively phrased items, the score assignments
were reversed. For example, the item “I cannot talk with other
people” had its scores reversed: (5) completely inconsistent, (4) not
quite consistent, (3) sometimes fit, (2) more in line with, and (1)
very consistent. Thus, the overall score of the psychosocial profiles
was calculated by summing the scores of the self-perceptions, peer
relationship perceptions, and campus bullying perceptions. A high
overall score indicates a positive psychosocial status, reflecting a
favorable trend in social skills and self-confidence.

Covariates

Adolescents’ demographic information includes age, sex
(boys/girls), residence, nationality (the Han nationality/minority),
educational level of adolescents’ parents (primary school or
below/secondary school/secondary vocational school, high
school/college or higher), family wealth level (poor/middle/good),
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accommodation (no/yes), single son or daughter (no/yes), and
residence (urban/rural). These variables, along with the family
computer and network situation (none/ one of the above/both),
were considered covariates in this study. The family computer and
Internet situation was ascertained through self-reporting.
Specifically, participants responded to the question, “Do you have
a computer and internet access at home?” by selecting from the
“both” The
classifications of these variables were predefined based on

» o«

options of “none,” “one of the above, and

previous research (39, 40).

Statistical analysis

All data were analyzed using SPSS (version 26.0, IBM
Corporation, Armonk, NY, United States) and Stata software (version
18.0, Stata Corp., LLC). Categorical variables were described using
frequencies and percentages, whereas the mean (standard deviation)
was used to describe adolescents’ age and the different GDR scores
(GDR-healthy, GDR-limit, and overall GDR). The scores were
converted to percentages and then divided into quartiles to analyze
the psychosocial profiles of adolescents. Categorical variables were
compared using the chi-squared test, while continuous variables were
analyzed using ANOVA to assess differences between groups. Linear
regression analysis was employed to investigate the relationship
between adolescents’ dietary patterns and their psychosocial profiles.
In subgroup analyses, the multiplicative interaction between
psychosocial profiles and covariates (sex, nationality, accommodation,
residence, only child, family economic status, family computer and
network situation, and parental education level) was examined by
including the product of these variables in the regression model. All
tests were two-sided, and a p-valueof <0.05 was considered
statistically significant.

Results
Basic demographic characteristics

The sample characteristics are presented in Table 1. A total of
7,862 participants were included (48.50% were boys and 51.50% were
girls). The majority of participants (97.90%) were Han Chinese, and
approximately half of the participants (50.90%) lived in rural areas.
The average age of participants was 13.18+1.15years. A small
proportion of junior high school students (25.50%) were only
children; similarly, only 29.40% of them chose to board at school from
Monday through Thursday. Computer network penetration in the
families of people in the high psychosocial profile subgroup was
significantly higher than that in the low subgroup.

Additionally, 80.50% of adolescents were in the middle family
wealth level. The vast majority of fathers (73.80%) and mothers
(69.00%) had education levels of junior high or senior high school.
Participants in the highest psychosocial profiles subgroup (the quartile
4 group) had a GDR-healthy score of 39.69 +6.91, a GDR-limit score
of 11.81+3.57 and an overall GDR score of 27.88+7.04. Figure 3
shows the relationship between participants’ performance on different
GDR scores (GDR-healthy, GDR-limit, and overall GDR) and their
psychosocial status.
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TABLE 1 Sample characteristics by quartile of adolescents’ JPPQ score: PHDA (N =7,862).

Characteristics Adolescents’ JPPQ score?
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Sample (n) N =2,106 N =1,897 N =1,891 N =1,968
Sex (n, %) 0.206
Boys 3,810 (48.50) 1,048 (49.20) 889 (46.90) 896 (47.60) 977 (50.00)
Girls 4,052 (51.50) 1,084 (50.80) 1,005 (53.10) 986 (52.40) 977 (50.00)
Age, mean (SD) 13.18 (1.15) 13.36 (1.12) 13.19 (1.11) 13.09 (1.15) 13.05 (1.20) <0.001%%*
Nationality (1, %) 0.479
Han 7,693 (97.90) 2,091 (98.10) 1,850 (97.70) 1,835 (97.50) 1,917 (98.10)
Other 169 (2.10) 41 (1.90) 44 (2.30) 47 (2.50) 37 (1.90)
Residence (1, %) <0.001%*
Urban 3,862 (49.10) 881 (41.30) 906 (47.80) 977 (51.90) 1,098 (56.20)
Rural 4,000 (50.90) 1,251 (58.70) 988 (52.20) 905 (48.10) 856 (43.80)
Only child (n, %) <0.001%*
Yes 2,002 (25.50) 481 (22.60) 411 (21.70) 503 (26.70) 607 (31.10)
No 5,860 (74.50) 1,651 (77.40) 1,483 (78.30) 1,379 (73.30) 1,347 (68.90)
Family wealth level (1, %) 0.03%*
Poor 937 (11.90) 265 (12.40) 233 (12.30) 231 (12.30) 208 (10.60)
Medium 6,325 (80.50) 1,674 (78.50) 1,536 (81.10) 1,516 (80.60) 1,599 (81.80)
Good 600 (7.60) 193 (9.10) 125 (6.60) 135 (7.20) 147 (7.50)
Father’s education level (1, %) <0.001%*
College or higher 1,381 (17.60) 246 (11.50) 268 (14.10) 403 (21.40) 464 (23.70)
High school 2,484 (31.60) 546 (25.60) 627 (33.10) 622 (33.00) 689 (35.30)
Junior high school 3,314 (42.20) 1,046 (49.10) 843 (44.50) 730 (38.80) 695 (35.60)
Primary school and below 683 (8.70) 294 (13.80) 156 (8.20) 127 (6.70) 106 (5.40)
Mother’s education level (n, %) <0.001%*
College or higher 1,262 (16.10) 208 (9.80) 250 (13.20) 351 (18.70) 453 (23.20)
High school 2,180 (27.70) 478 (22.40) 537 (28.40) 540 (28.70) 625 (32.00)
Junior high school 3,244 (41.30) 967 (45.40) 830 (43.80) 750 (39.90) 697 (35.70)
Primary school and below 1,176 (15.00) 479 (22.50) 277 (14.60) 241 (12.80) 179 (9.20)
(Continued)
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“Data are presented as mean (SD) for continuous measures, and 1 (%) for categorical measures, *p <0.05, **p <0.001.
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Association between adolescents’
psychosocial profiles and healthy dietary
scores

There was a positive association between psychosocial profile
scores and healthy dietary pattern scores. In the fully adjusted model,
across the quartiles of psychosocial profiles score, the regression
coefficient (95%CI) for the healthy dietary score was 0.00, 1.33 (0.90-
1.77), 2.84 (2.41-3.28), and 4.89 (4.44-5.34), respectively (p for trend
< 0.001) (Table 2). The psychosocial score was positively associated
with the GDR-heathy score but inversely associated with the
GDR-limit score (Supplementary material 53). Good self-perception,
harmonious peer relationships, and no or little experience with school
bullying were positively associated with healthy dietary behaviors
(Supplementary Figure S1).

Stratified analysis according to
demographic characteristics and family
computer and Internet situation

In subgroup analyses, the association between the psychosocial
profile scores and overall GDR was stronger in families without
computers and the Internet than in those with these resources (p-value
for interaction). No associations between psychological scores and
other sociodemographic factors were found (Table 3).

Discussion

In our study focusing on adolescents in Shandong, China, it was
observed that good psychosocial profiles were linked to higher overall
GDR scores, indicating a greater likelihood of adopting healthy
dietary behaviors, especially among those with families without
computers and the Internet. This healthy dietary pattern was
characterized by a high intake of fruits, vegetables, fish, and dairy
products [35].

Comparison with evidence in the literature

Consistent with our findings, recent systematic reviews and meta-
analyses have shown that poor psychological status is linked to
unhealthy eating patterns (41). The use of psychological medications
may affect dietary quality (42). Rodgers et al. (43) reported that
adolescent boys and girls frequently exhibit eating disorder behaviors
due to psychological issues, low mood, and other psychological factors
associated with social media, as highlighted in a biopsychosocial
model. Another study in Jordan found that adolescents who
experienced negative peer pressure and self-esteem issues had a high
prevalence of eating disorders. These disorders are frequently
associated with unhealthy behaviors, such as smoking and alcohol
consumption (44). This result aligns with our findings. During
adolescence, harmonious peer relationships facilitate the development
of healthy dietary habits; conversely, they can also lead to unhealthy
behaviors. People with celiac disease who have good self-perception
tend to eat healthily, and this positive self-perception is linked to a
better quality of life among Chilean schoolchildren (45). Roy et al. (46)
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Relationship between participants’ performance on different GDR scores (GDR-Healthy, GDR-Limit, and Overall GDR) and their psychosocial profiles.

TABLE 2 The relationship between quartiles of adolescents’ JPPQ score and healthy dietary pattern score.

Model 1° Model 2° Model 3¢

95% ClI p-value 95% ClI p-value 95% Cl
Quartile 2 vs. Quartile 1 1.56 113 1.99 <0.001%* 1.37 0.93 1.80 <0.001%* 1.33 0.89 1.76 <0.001%*
Quartile 3 vs. Quartile 1 3.18 275 361 <0.001%* 2.89 2.46 333 <0.001%* 2.84 2.40 327 <0.001%%*
Quartile 4 vs. Quartile 1 535 493 5.78 <0.001%* 4.95 450 5.40 <0.001%* 4.89 444 5.34 <0.001%%*

“Model 1 was the univariate model without adjustment for covariates.

"Model 2 was adjusted for demographic covariates.

‘Model 3 was additionally adjusted for the family computer network situation.
All models refer to the first quartile range *p <0.05, **p <0.001.

found that young adults who often buy and consume food on campus
have worse diet quality scores compared to their counterparts, and
approaches to improve the campus food environment may improve
young adults’ diet quality.

Several mechanisms may explain the observed negative
association between adherence to healthy dietary patterns and low
psychosocial profile scores. Reward and hedonic mechanisms within
the body play a significant role in food choices. The sight of tasty fruits
and vegetables can reduce stress levels and trigger the release of
hormones such as growth hormone-releasing peptides, insulin, and
leptin, which promote healthy eating habits (47). Previous research
found that adhering to a healthy dietary pattern can reduce the risk of
psychosocial issues by increasing serum folate and vitamin B12 levels
(48). Additionally, the potential reduction in psychosocial issues
through the activation of the body’s reward mechanisms could serve
as a strong incentive for adopting healthy dietary behaviors,
mechanistically validating the relationship between psychological
states and healthy dietary behaviors.

In subgroup analyses, the association between the psychosocial
profile score and the overall GDR score was stronger among families
without computers and the Internet than those with computers and

Frontiers in Nutrition

the Internet. Consistent with our results, Marques et al. (49) defined a
healthy lifestyle as including daily physical activity, limited screen time
to less than 2h, and a balanced consumption of vegetables and fruits.
However, the widespread use of screens in contemporary society often
promotes a sedentary lifestyle, causing individuals to spend prolonged
periods in inactivity. Extended exposure to screens—whether
televisions, computers, tablets, or smartphones—disrupts the natural
rhythm of daily physical activity and fosters dependence on online
activities, which can quickly escalate into addiction. This digital
addiction, marked by an uncontrollable urge to check notifications,
scroll through social media, or engage in gaming, significantly reduces
both the time and motivation available for physical exercise. The
results of the analysis of the 2010 Health Behavior in School-Aged
Children International Survey Database (HBSC) revealed a linear
decline in the prevalence of healthy behaviors from early adolescence
to age 15 across 37 countries and territories. Specifically, the
adolescents who used the Internet for hours in the study showed a
notably reduced likelihood of adopting a healthy lifestyle compared
with those with low screen contact. The Internet offers dual benefits:
it facilitates social communication and fosters positive peer
relationships among young individuals. However, it also introduces
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TABLE 3 Subgroup analyses of the relationship between quartiles of the JPPQ score and the healthy dietary pattern score.

Quartiles of JPPQ score?

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p value for
interaction
Sex 0.346
Boys 0.00 173 (1.08-2.38) 2.89 (2.24-3.54) 5.02 (4.37-5.66)
Girls 0.00 1.00 (0.43-1.57) 2.81 (2.23-3.39) 4.76 (4.17-5.35)
Nationality 0.327
Han 0.00 1.30 (0.86-1.73) 2.85 (2.41-3.29) 491 (4.48-5.35)
Other 0.00 2.70 (—0.90-6.31) 2.63 (—1.03-6.29) 4.34 (0.44-8.23)
Accommodation 0.677
No 0.00 1.14 (0.62-1.65) 2.63 (2.12-3.15) 476 (4.24-5.27)
Yes 0.00 1.59 (0.80-2.39) 3.14 (2.32-3.97) 493 (4.09-5.77)
Residence 0.528
Urban 0.00 1.01 (0.37-1.65) 2.44 (1.80-3.07) 443 (3.80-5.05)
Rural 0.00 1.54 (0.95-2.12) 3.12 (2.52-3.73) 522 (4.59-5.85)
Only child 0.187
Yes 0.00 1.93 (1.01-2.86) 3.34 (2.45-4.23) 483 (3.96-5.70)
No 0.00 1.16 (0.68-1.65) 2.66 (2.16-3.16) 4.93 (4.42-5.44)
Father’s education level 0.835
Primary school and below 0.00 0.54 (—0.88-1.95) 2.86 (1.35-4.37) 4.38 (2.79-5.98)
Junior high school 0.00 1.19 (0.55-1.83) 2.90 (2.23-3.57) 493 (4.25-5.62)
High school 0.00 1.29 (0.51-2.07) 2.52 (1.74-3.31) 4.99 (4.22-5.75)
College or higher 0.00 2.09 (0.92-3.26) 324 (2.16-4.31) 478 (3.72-5.85)
Mother’s education level 0.287
Primary school and below 0.00 1.35 (0.28-2.43) 2.76 (1.64-3.89) 4.19 (2.94-5.44)
Junior high school 0.00 1.20 (0.56-1.85) 291 (2.25-3.58) 5.24 (4.56-5.92)
High school 0.00 0.99 (0.15-1.83) 2.04 (1.20-2.88) 4.43 (3.62-5.25)
College or higher 0.00 1.86 (0.61-3.11) 3.74 (2.56-4.91) 491 (3.78-6.05)
Family economic status 0.983
Poor 0.00 1.34 (0.10-2.58) 3.12 (1.83-4.40) 4.70 (3.37-6.03)
Medium 0.00 1.35 (0.88-1.82) 2.83 (2.35-3.30) 4.97 (4.49-5.45)
Good 0.00 0.91 (-1.29-3.12) 2.42 (0.54-4.30) 3.96 (2.23-5.69)
Family computer and Internet situation 0.011%
None 0.00 3.19 (1.48-4.90) 5.16 (3.29-7.03) 6.65 (4.61-8.69)
One of the above 0.00 0.83 (—1.26-2.93) 4.59 (2.24-6.94) 3.78 (1.46-6.09)
Both 0.00 1.15 (0.69-1.60) 2.56 (2.11-3.02) 4.73 (4.27-5.18)

“Models adjusted for demographic characteristics and family computer and Internet situations.
#p <0.05, **p <0.001.

“cyberbullying,” a new form of school bullying that poses additional
risks to the well-being of young people (50).

With the rapid development of Internet technology, the role of
correct and healthy Internet use in the healthy development of young
people cannot be ignored (50, 51). Nevertheless, in the case of
universal use of social media, the personality traits of only children
are diluted, peer relationship conflicts are weakened, and the
psychological status develops in a favorable trend. In addition, a
review suggested that AI-derived chat technology will facilitate the
process of healthy behaviors among users (51). This result was
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contrary to the study’s findings that the existence of computer
networks can encourage healthy eating habits. We deduce that in
China, where education policies often involve confiscating media
devices such as cell phones, adolescents may exhibit excessive usage
once they return home. This behavior, commonly referred to as
“revenge behavior, arises as they feel the need to compensate for the
restricted use during school hours. Consequently, this overuse of
media devices at home can disrupt healthy eating behaviors and
potentially reverse the positive dietary habits encouraged during
school (52).
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In summary, adolescents” psychosocial profiles are closely linked
to dietary behaviors. Numerous studies have demonstrated a
bidirectional relationship between eating behaviors and psychological
status (41, 53). The strengths of the study include a relatively large
sample of adolescents from 100 schools in both urban and rural areas
and the use of validated tools. Furthermore, we were able to adjust for
potential confounders, such as personal characteristics (age, sex,
residence, nationality, whether the individual is an only child, and
whether they attend a boarding school) and family circumstances
(family wealth, home computer network situation, and parental
education level).

Limitations

We also acknowledge the following limitations in our study: (a)
dietary pattern scores are based on self-reported 1-week diets, which
may be subject to recall bias and other bias; (b) the inability to measure
family wealth accurately; and (c) the cross-sectional study design,
which does not allow for establishing causality.

Conclusion

A higher psychosocial score was associated with a higher
likelihood of maintaining a healthy dietary pattern among adolescents
in Shandong. However, no interaction was found between participants’
basic characteristics and their psychosocial profiles. The association
between psychosocial characteristics and healthy dietary behaviors
remained consistent across various demographic factors, including
age, sex, residence, nationality, parental education level, family wealth,
living conditions, and only-child status. The ownership of a computer
and access to the Internet modified the association between the
psychosocial profile and the healthy dietary score. Further research
through in-depth mechanistic and cohort studies is required to
explore the role of psychological factors in shaping eating patterns
and behaviors.
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The association between dietary
knowledge based on the Chinese
Dietary Guidelines and adherence
to healthy dietary habits: a
large-scale cross-sectional study

Zhongyu Ren™!, Zixuan Hao'' and Jianhua Cao?*

!School of Physical Education, Southwest University, Chongging, China, 2Department of Physical
Education, Chongging Institute of Foreign Studies, Chongging, China

Introduction: Previous systematic review has shown that individuals with more
comprehensive dietary knowledge tend to engage in healthier eating patterns
among American or European population. However, research on the association
between dietary knowledge based on the Chinese Dietary Guidelines and
healthy dietary behaviors, particularly among adolescents and college students
in China, is lacking. This study aimed to examine the association between dietary
knowledge based on the Chinese Dietary Guidelines and adherence to healthy
dietary behaviors among adolescents and college students in China.

Methods: A cross-sectional study was conducted in China in August and
October 2023. The study involved 527 adolescents and 11,856 college students.
A convenience and cluster sampling methodology was employed to select
one or two grades from 33 different university majors. The dietary behaviors
of college students were evaluated by assessing their consumption of nine
food groups: water, eggs, milk and milk products, vegetables, fruit, red meat,
soy and soy products, seafood, and sugar-sweetened beverages. The dietary
behaviors of adolescents were evaluated by assessing their consumption of five
food groups: fast food, salty snack foods, fruits, vegetables, and soft drinks and
sugared fruit beverages. The participants’ dietary knowledge was assessed using
the Chinese Dietary Guidelines. The relationship between dietary knowledge
and behaviors was examined using a multivariate logistic regression analysis.

Results: The questionnaire response rate was 100.0%. Multivariate logistic
regression analysis revealed a significant positive association between dietary
knowledge and the likelihood of exhibiting diverse dietary behaviors among
college students. After adjusting for gender, age, family income, place of
residence, and parents’ education levels, the results demonstrated a positive
association between dietary knowledge and adherence to 4-8 eating habits
among college students. In contrast, similar association was not observed
among adolescent.

Conclusion: This study revealed a significant association between dietary
knowledge based on the Guidelines and adherence to healthy dietary behaviors
among college students in China. That is to say, the higher the level of dietary
knowledge based on the Guidelines among college students, the healthier the
dietary behaviors they tend to adopt in their daily lives. These findings indicate
the necessity of developing educational interventions based on the Guidelines to
enhance dietary knowledge among individuals with limited dietary knowledge.
Such interventions could facilitate the acquisition of essential health-related
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knowledge and strengthen motivation to engage in healthy dietary behaviors.
Future studies should employ longitudinal prospective designs or randomized
controlled trials in order to establish a causal association between dietary
knowledge based on the Guidelines and healthy dietary behaviors.

KEYWORDS

dietary knowledge, Chinese Dietary Guidelines, dietary habits, cross-sectional,

Chinese

1 Introduction

With the sustained development of the economy and steady
improvement of living standards, significant changes have occurred
in the dietary habits of Chinese residents. High-calorie and high-fat
diets have become increasingly popular. This shift has raised public
health concerns. Studies have shown that nearly one-fifth of the global
population is at risk of chronic non-communicable diseases, such as
hypertension and diabetes, due to poor dietary habits (Afshin et al,,
2019). Conversely, a balanced diet is associated with lower mortality
(Shan et al, 2023) and increased lifespan (Fadnes et al., 2023),
highlighting the urgent need to promote healthy dietary patterns in
medicine and nutrition science.

College is the starting point for independent daily life(Vila-Marti
et al, 2021; Ma, 2011) and defining moment for acquiring dietary
autonomy and shaping dietary behaviors that could be sustained into
adulthood(Winpenny et al., 2018). A longitudinal study found that the
intake of vegetables and fruits decreased between the ages of 14 and
23 years and peaked around the age of 30 years, whereas the intake of
sugary drinks and candy peaked around the age of 18 years and then
began to decline (Winpenny et al., 2018). Another longitudinal survey
of individuals aged 30-59 years revealed that healthy dietary patterns
increased with age (Talegawkar et al., 2020). Unhealthy eating habits in
early life had adverse effects on long-term health outcomes, including
Type 2 diabetes (Malik et al., 2012), hypertension (Qiufen et al., 2022),
colorectal cancer (Thordardottir et al., 2022), and arterial stiffness (Van
de Laar et al., 2013). This suggests that exploring the dietary behaviors
of college students and identifying the influencing factors is significant
for understanding and improving their nutritional health.

The Chinese Dietary Guidelines (hereafter, the Guidelines) present
a scientific consensus on healthy dietary behaviors and have informed
nutrition promotion and health initiatives of health education
workers, policymakers, and other stakeholders. The Guidelines are
intended to help individuals make informed food choices and promote
physical activity to maintain health and prevent nutrition-related
diseases (Wang, 2021). Since the last century, nutrition education
programs have been disseminated globally through schools
(Al-Jawaldeh et al., 2023), government agencies (Ukam and Otareh,
2019), and health promotion organizations (Robles et al, 2019),
aiming to improve residents’ understanding of nutrition and
encourage balanced diets. However, research has not explored the
general population’s nutritional knowledge, particularly regarding
government-developed dietary guidelines and core food group
recommendations, and its impact on dietary behavior. Thus, an
understanding of how nutritional education translates into healthy
dietary behaviors in daily life is lacking.

Frontiers in Psychology

Previous systematic review has shown a positive association
between nutritional knowledge and dietary behaviors among
American or European population (Spronk et al., 2014). However, not
all studies observed this relationship. Moreover, although studies have
shown a positive association between knowledge of dietary guidelines
and healthy dietary habits, these studies focused on single dietary
behaviors among primary and middle school students (Feng Peng
et al, 2019) and the general adult population(Huang Feilei et al.,
2015). The Chinese government and health experts have long worked
to develop effective measures to improve dietary behavior. For
example, the Government of China advocates the implementation of
nutritional health science and education campaigns, including
National Nutrition Week, National Food Safety Awareness Week,
National Student Nutrition Day and National Iodine Deficiency
Disease Prevention and Control Day (GOOTS Council, 2017).
However, due to the imbalance between theoretical research and
practical implementation, new interventions to promote healthy
dietary behavior have been continuously called for. The National
Nutrition Plan (2017-2030) requires disseminating dietary guidelines
and nutritional health knowledge to various groups (Yan, 2017).

Therefore, this study examined the relationship between
knowledge of dietary guidelines and dietary behaviors considering
multiple food groups among secondary school and college students in
China. A comprehensive understanding of this relationship is essential
for developing nutrition education strategies and public health policies.

2 Methods
2.1 Research design and population

This study adopted a cross-sectional research design. A
questionnaire survey was conducted at the physical fitness testing
centers of four college (two in Sichuan Province and two in Chongqing
Municipality) and 11 college (six in Liaoning Province, one in Jilin
Municipality, and four in Chongqing Municipality) in China in
August 2023 and October 2023, respectively (Ma et al., 2024). The
present investigation was carried out using a stratified random
sampling method, which accounted for sampling error and the
stratification factor (stratified by grade). A random sample of 1-2
grades was selected from 33 majors drawn from 11 universities in
accordance with the grade stratification and random number table
method. A total of 11,856 university students, with a median age of
19.0years, were sampled, and the response rate was 100.00%. Written
informed consent was obtained from all participants. For participants
aged below 16, parental consent was obtained following a
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comprehensive evaluation. This study was approved by the Ethics
Committee of the School of Physical Education of Southwest University.

The China Health and Nutrition Survey (CHNS), which was
established in 1989, is an ongoing prospective cohort study. A
previous study has published a detailed study design (Du et al.,
2013). In brief, the multi-stage random cluster sampling method was
used to select 4,400 households and 19,000 participants, covering
nine provinces (Guizhou, Guangxi, Heilongjiang, Henan, Hubei,
Hunan, Liaoning, Jiangsu, and Shandong). This study utilized the
2015 CHNS data and included individuals aged 18 years and younger
as study subjects (n=2,742). After removing individuals with
missing sociodemographic characteristics, and diet-related variables,
a total of 527 subjects were involved in the final analysis. Publicly
available datasets were analyzed in this study. This data can be found
(CCFDCA
Prevention, 2015). Prior to the commencement of the study, ethical

here: https://www.cpc.unc.edu/projects/china
approval was obtained from the Institutional Review Board of the
University of North Carolina at Chapel Hill and the National
Institute for Nutrition and Health, Chinese Center for Disease
Control and Prevention.

2.2 Assessment of eating behaviors

Food preferences are an indicator of ones attitude and
consumption patterns with regard to specific food types (Ma et al.,
2021), and an individual’s food preferences have the potential to
significantly influence their long-term health outcomes (Wang et al.,
2024). Food preferences were assessed by five questions in the CHNS
questionnaires (Wang et al., 2024). Adolescents were asked to rate
their preference for five types of food items: fast food (e.g., pizza,
burgers), salty snacks (e.g., potato chips), fruits, vegetables, and soft
drinks and sugared fruit beverages. Responses were rated on a five-
point Likert scale (1 =strongly dislike, 5= strongly like). These scores
were converted into binary variables: scores of 4 and 5 were classified
as liking the food, whereas scores of 1-3 were classified as reflecting
dislike or neutrality (Ma et al., 2021).

The dietary behaviors of college students were assessed using the
adult version of the Chinese Dietary Pagoda (CN Society, 2022).
Participants were asked to report their dietary habits regarding the
intake of water, eggs, milk and milk products, vegetables, fruits, red
meat, soy and soy products, and seafood. An additional item on sugar-
sweetened beverages was derived from a prospective cohort study that
showed a 21% higher risk of premature death among individuals who
consumed >2 cups of sugar-sweetened beverages per day compared
to those who consumed <1 cup per month (Gitanjali, 2015). Water
consumption was assessed using one question: “How much water do
you consume on average per day?” Responses were rated on a
six-point scale (< 250mL, 250-500mL, 500-1,000mL, 1,000-
1,500 mL, 1,500-2000 mL, and >2000 mL) and categorized as regular
(> 1,500mL) or irregular (< 1,500 mL) water intake. Sugar-sweetened
beverage intake was assessed using one question: “On average, how
many sugar-sweetened beverages do you drink per day?” Responses
were rated on a five-point scale (none/never consume, < 500 mL,
500-1,000 mL, 1,000-1,500mL, and > 1,500 mL) and categorized as
ingesting or not ingesting. Egg intake was assessed using one question:
“How many eggs do you eat on average per day?” Responses were
rated on a five-point scale (0/never consume, 1, 2, 3, 4, and>4) and
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categorized as regular (> 1) or irregular (0) consumption. Milk and
dairy product intake was assessed using one question: “How much
milk and dairy products do you consume on average per day?”
Responses were rated on a five-point scale (none/never consume, <
250mlL, 250-500mL, 500-750 mL, and > 750 mL) and categorized as
regular (> 250mL) or irregular (< 250 mL) consumption. Vegetable
and fruit intake was assessed using one question: “On average, how
many times a day do you eat vegetables or fruit?” Responses were
rated on a five-point scale (never, once, twice, three times, four times,
and more than four times) and categorized as regular (once or more)
or irregular (never) consumption. Red meat, soy, and fish intake was
assessed using one question: “On average, how many times a week do
you eat red meat (including pork, beef, lamb, and processed products
such as bacon and sausages), soy products, or fish products?”
Responses were rated on an eight-point scale (less than once/never
consume, once, twice, three times, four times, five times, six times, and
daily) and categorized as regular (twice or more) or irregular (less than
twice) consumption.

For each food type, responses categorized as regular consumption
were assigned a score of 1, whereas those categorized as irregular were
assigned a score of 0. Total scores were obtained by summing scores
for all food types and ranged from 0 to 9, with higher scores indicating
healthier eating habits. The reliability of the participants’ reported
dietary behaviors over time was quantified using the intra-group
correlation coefficient (ICC). The ICC values were statistically
significant and ranged from 0.947 to 0.987, indicating high retest
reliability of the assessed dietary behaviors.

2.3 Assessment of dietary knowledge based
on Guidelines

The participants’ dietary knowledge was assessed using the
Dietary Knowledge of Chinese Residents scale (Yang et al., 2020).
Responses were rated on a five-point Likert scale (1=strongly
disagree, 5=strongly agree). These scores were converted into binary
variables: scores of 4 and 5 were classified as good dietary knowledge
and coded as 1, whereas scores of 1-3 were classified as poor dietary
knowledge and coded as 0. Total scores were obtained by summing
the individual item scores, with higher total scores indicating greater
dietary knowledge. The study population were divided into quartiles
based on dietary knowledge scores to compare different levels of
knowledge. The Cronbach’s alpha coefficients were 0.749 and 0.842 for
adolescents and college students, respectively, indicating robust
internal consistency reliability.

2.4 Statistical methods

All data were imported into an Excel database for organization
and generalization. SPSS 23.0 was used for statistical analysis. All
categorical data were expressed as percentage (%) and continuous
variables were presented as medians [interquartile range (IQR)]
due to the non-normal distribution of the data. The chi-square
test for categorical variables and the Kruskal-Wallis test for
continuous variables were employed to assess the differences in
participant characteristics between individuals with categories of
dietary knowledge.
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We used multivariate logistic regression to examine the association
between dietary knowledge and healthy eating behaviors. Dietary
knowledge, categorized into quartiles (Q1-Q4), was the independent
variable, whereas healthy eating behaviors were the dependent variable.
To compare the differences in the likelihood of healthy eating behaviors
between groups with different levels of dietary knowledge, odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated for Q2, Q3,
and Q4, using the Q1 level as the reference group. To examine the effects
of potential confounders, two statistical models were constructed for the
adolescent: Model 1 was a crude model, and Model 2 was adjusted for
gender, age, annual family income, residence, education level. Similarly,
two statistical models were constructed for the college student
population: Model 1 was a crude model, and Model 2 was adjusted for
gender, age, annual household income, place of residence, father’s
education level, and mother’s education level. Moreover, we separately
analyzed the association between dietary knowledge and the likelihood
of consuming each food type in both Models 1 and 2. All statistical
analyses were performed using two-sided tests, with p<0.05 indicating
statistical significance.

3 Results
3.1 Participants’ characteristics

Table 1 presents the characteristics of the college students. This study
included 11,856 college students (33.2% men, 66.8% women, median
age=19.0years). Among them, 58.9% resided in rural areas, with over
one-third (34.6%) reporting an annual household income of over 35,000

10.3389/fpsyg.2024.1453815

yuan. Approximately one-third of the students had parents with a
bachelor’s degree or higher. Moreover, individuals with higher levels of
dietary knowledge tended to be men (p <0.001), be older (p <0.001), and
have parents with higher educational levels (p <0.007).

Table 2 presents the characteristics of the adolescents. This study
included 527 adolescents (51.6% men, 48.4% women, median
age=14.0years). Among them, 57.3% resided in rural areas, and
63.9% reported an annual household income of over 35,000 yuan.
Approximately 1.5% had parents with a bachelor’s degree or higher.
Moreover, individuals with higher levels of dietary knowledge tended
to have higher income levels (p =0.043).

Table 3 demonstrated the results of frequency of numbers of eating
behaviors according to the quartile of dietary knowledge score among
college students. The fourth quartile with the highest dietary knowledge
score showed a significantly highest frequency of adherence to 6 or
more eating behaviors (p<0.001). On the other hand, no significant
relationship was found between knowledge of dietary habits and
adherence to dietary diversity in the adolescent population (Table 4).

3.2 Multifactorial logistic regression
analysis of dietary knowledge and
likelihood of healthy eating behaviors
among college students

In a sample of college students, this study examined the association
between dietary knowledge and adherence to the number of different
eating habits, with dietary knowledge as the independent variable and
adherence to the number of different eating habits as the dependent

TABLE 1 Participants’ characteristics according to categories of dietary knowledge based on the Guidelines score (college students).

N =11,856 Q1 (ey Q3 Q4 p value
Gender, male 29.1 27.4 34.6 4.7 <0.001
Age, year 19.0 (18.0, 19.0) 18.0 (18.0, 19.0) 19.0 (18.0, 19.0) 19.0 (18.0, 19.0) <0.001
Annual family income, %
<20,000 yuan 36.6 35.7 34.8 34.9
20,000-35,000 yuan 279 30.8 30.6 30.5 0.137
>35,000 yuan 355 335 34.7 34.6
Residence, %
Town 41.8 40.2 41.7 40.8
0.516
Rural 58.2 59.8 58.3 59.2
Father's education level, %
Primary and below 22.8 244 23.0 255
Junior high 38.4 40.4 42.0 375
0.007
High school 22.6 20.7 20.6 21.6
Bachelor degree and above 16.1 14.5 14.4 15.3
Mother's education level, %
Primary and below 29.7 32.8 322 33.2
Junior high 36.8 35.8 38.5 34.4
0.002
High school 19.5 19.1 17.1 18.5
Bachelor degree and above 14.0 12.3 12.1 13.8
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TABLE 2 Participants’ characteristics according to categories of dietary knowledge based on the Guidelines score (adolescent).

Ql (n=143) Q2 (n=136) Q3 (n=176) Q4 (n=72) p- value
Gender, male 53.1 58.1 46.0 50.0 0.196
Age, year 14.0 (13.0, 15.0) 14.0 (12.0, 16.0) 14.0 (13.0, 16.0) 14.0 (12.0, 16.0) 0.056
Annual family income, %
<20,000 yuan 224 19.1 15.9 27.8
20,000-35,000 yuan 16.1 22.8 13.1 9.7 0.043
>35,000 yuan 61.5 58.1 71.0 62.5
Residence, %
Town 45.5 44.1 415 375
0.692
Rural 54.5 55.9 58.5 62.5
Education level, %
Primary and below 46.2 382 37.5 36.1
Junior high 35.7 375 39.8 44.4
0.318
High school 9.1 10.3 14.2 11.1
Bachelor degree and above 0.0 3.7 1.7 0.0
Unknown 9.1 10.3 6.8 8.3
TABLE 3 Frequency of numbers of eating behaviors according to the quartile of dietary knowledge score.
College Quiartile 1 Quartile 2 Quiartile 3 Quartile 4 Ve p- value
students (lowest) (highest)
Numbers of eating behaviors
0 0.3 0.3 0.2 0.3 56.983 <0.001
1 2.0 1.7 15 1.7
2 54 5.1 4.9 4.5
3 14.3 11.9 10.6 11.0
4 19.2 18.3 18.8 18.5
5 229 24.6 22.8 21.9
6 19.4 20.5 214 21.8
7 11.8 12.8 15.0 13.8
8 4.0 39 4.0 5.5
9 0.7 0.8 0.8 1.0

In this table demonstrated the results of frequency of numbers of eating behaviors according to the quartile of dietary knowledge score. The fourth quartile with the highest dietary knowledge
score showed a significantly highest frequency of adherence to 6 or more eating behaviors (p<0.001).

variable. The results showed that there was positive association between
dietary knowledge and adherence to 4-8 different eating habits.

The findings showed no significant association between dietary
knowledge and adherence to two or more eating habits. In the crude
model, the odds ratios (95% CI) for adherence to two or more eating
habits were 1.14 (0.83, 1.57) for Q2, 1.35 (0.89, 2.04) for Q3, and 1.11
(0.77, 1.60) for Q4, compared to the reference group (Q1) (p=0.426).
After adjusting for confounders, the adjusted odds ratios (95% CI) were
1.09 (0.79, 1.50) for Q2, 1.24 (0.81, 1.88) for Q3, and 1.02 (0.70, 1.47) for
Q4 (p=0.783; Table 5).

Similarly, no significant association was found between dietary
knowledge and adherence to three or more eating habits. Crude odds
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ratios (95% CI) were 1.09 (0.91, 1.30), 1.18 (0.94, 1.47), and 1.20 (0.97,
1.47) for Q2, Q3, and Q4, respectively, compared to the reference group
(Q1) (p=0.066). After adjusting for confounding factors, the adjusted
odds ratios (95% CI) were 1.05 (0.88, 1.26) for Q2, 1.09 (0.87, 1.36) for
Q3,and 1.10 (0.89, 1.35) for Q4 (p=0.345; Table 6).

However, a significant association emerged for adherence to four
or more eating habits. The crude odds ratios (95% CI), compared to
the reference group (Q1), were 1.20 (1.07, 1.35) for Q2, 1.35 (1.17,
1.56) for Q3, and 1.33 (1.16, 1.52) for Q4 (p<0.001). After controlling
for confounders, the adjusted odds ratios (95% CI) were 1.18 (1.05,
1.33), 1.28 (1.10, 1.48), and 1.24 (1.08, 1.42) for Q2, Q3, and Q4,
respectively (p=0.001; Table 7).
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TABLE 4 Frequency of numbers of eating behaviors according to the quartile of dietary knowledge score.

Adolescent Quiartile 1 Quartile 2 Quartile 3 Quartile 4 ba p- value
(lowest) (highest)
Numbers of eating behaviors
0 2.1 44 2.8 5.6 12.872 0.612
1 14.0 14.7 10.2 9.7
2 322 33.8 30.1 27.8
3 26.6 17.6 18.8 222
4 11.2 14.0 17.6 16.7
5 14.0 15.4 205 18.1
TABLE 5 The associations between dietary knowledge and eating habits (>2score).
College Number of participants Number of healthy Model 1° Model 2°
students eating behaviors

Categories of dietary knowledge

Quartile 1 (lowest) 3,040 2,971 1.000 (reference) 1.000 (reference)
Quartile 2 4,260 4,175 1.14 (0.83,1.57) 1.09 (0.79, 1.50)
Quartile 3 2011 1977 1.35(0.89, 2.04) 1.24 (0.81, 1.88)
Quartile 4 (highest) 2,545 2,493 1.11 (0.7, 1.60) 1.02 (0.70, 1.47)
p- for trend? - - 0.426 0.783

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted
data are expressed as odds ratio (95% confidence intervals). °P for trend were obtained using multivariate logistic regression analyses.

TABLE 6 The associations between dietary knowledge and eating habits (>3 score).

Number of participants

College

students

Number of healthy
eating behaviors

Model 1° Model 2°

Categories of dietary knowledge

Quartile 1 (lowest) 3,040 2,806 1.000 (reference) 1.000 (reference)
Quartile 2 4,260 3,957 1.09 (0.91, 1.30) 1.05 (0.88, 1.26)
Quartile 3 2011 1878 1.18 (0.94, 1.47) 1.09 (0.87, 1.36)
Quartile 4 (highest) 2,545 2,379 1.20 (0.97, 1.47) 1.10 (0.89, 1.35)
p- for trend? - - 0.066 0.345

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted
data are expressed as odds ratio (95% confidence intervals). P for trend were obtained using multivariate logistic regression analyses.

For adherence to five or more eating habits, a positive association
was also observed with dietary knowledge. The crude odds ratios (95%
CI) for Q2, Q3, and Q4 were 1.18 (1.07, 1.30), 1.24 (1.11, 1.40), and 1.24
(1.12, 1.39), respectively, compared to the reference group (Ql)
(p<0.001). After adjusting for confounding factors, the adjusted odds
ratios (95% CI) were 1.16 (1.06, 1.28) for Q2, 1.19 (1.06, 1.34) for Q3,
and 1.18 (1.05, 1.31) for Q4 (p=0.005; Table 8).

The pattern held for adherence to six or more eating habits,
where a significant positive association was noted. In comparison to
the reference group (Q1), the crude odds ratios (95% CI) were 1.10
(1.00, 1.21) for Q2, 1.25 (1.11, 1.40) for Q3, and 1.29 (1.16, 1.44) for
Q4 (p<0.001). After controlling for confounders, the adjusted odds
ratios (95% CI) were 1.09 (0.99, 1.20) for Q2, 1.19 (1.06, 1.34) for Q3,
and 1.22 (1.09, 1.36) for Q4 (p<0.001; Table 9).
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A similar significant association was observed for adherence to
seven or more eating habits. The crude odds ratios (95% CI) for Q2, Q3,
and Q4 were 1.07 (0.95, 1.21), 1.24 (1.07, 1.44), and 1.28 (1.12, 1.47),
respectively, compared to QI (p<0.001). After adjusting for
confounding factors, the adjusted odds ratios (95% CI) were 1.06 (0.94,
1.21) for Q2, 1.18 (1.02, 1.38) for Q3, and 1.21 (1.05, 1.39) for Q4
(p=0.003; Table 10).

A positive association between dietary knowledge and adherence
to eight or more eating habits was also found. The crude odds ratios
(95% CI), when compared to the reference group (Q1), were 1.00
(0.80, 1.25) for Q2, 1.01 (0.77, 1.31) for Q3, and 1.39 (1.11, 1.76) for
Q4 (p=0.004). After controlling for confounders, the adjusted odds
ratios (95% CI) were 1.03 (0.82, 1.28) for Q2, 0.98 (0.75, 1.28) for Q3,
and 1.32 (1.04, 1.66) for Q4 (p=0.028; Table 11).
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TABLE 7 The associations between dietary knowledge and eating habits (>4 score).

College Number of
students participants

Categories of dietary knowledge

Number of healthy Model 1° Model 2°
eating behaviors

Quartile 1 (lowest) 3,040 2,372 1.000 (reference) 1.000 (reference)
Quartile 2 4,260 3,452 1.20 (1.07, 1.35) 1.18 (1.05, 1.33)
Quartile 3 2011 1,664 1.35(1.17, 1.56) 1.28 (1.10, 1.48)
Quartile 4 (highest) 2,545 2099 1.33 (1.16, 1.52) 1.24 (1.08, 1.42)
p- for trend* - - <0.001 0.001

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted

data are expressed as odds ratio (95% confidence intervals). P for trend were obtained using multivariate logistic regression analyses.

TABLE 8 The associations between dietary knowledge and eating habits (>5 score).

College
students

Categories of dietary knowledge

Number of
participants

Number of healthy
eating behaviors

Model 1°

Model 2°

Quartilel (lowest) 3,040 1787 1.000 (reference) 1.000 (reference)
Quartile2 4,260 2,671 1.18 (1.07, 1.30) 1.16 (1.06, 1.28)
Quartile3 2011 1,286 1.24 (1.11, 1.40) 1.19 (1.06, 1.34)
Quartile4 (highest) 2,545 1,627 1.24 (1.12, 1.39) 1.18 (1.05, 1.31)
p- for trend® - - <0.001 0.005

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). “Adjusted

data are expressed as odds ratio (95% confidence intervals). P for trend were obtained using multivariate logistic regression analyses.

TABLE 9 The associations between dietary knowledge and eating habits (>6 score).

College students

Categories of dietary knowledge

Number of
participants

Number of healthy
eating behaviors

Model 1°

Model 2°

Quartile 1 (lowest) 3,040 1,092 1.000 (reference) 1.000 (reference)
Quartile 2 4,260 1,621 1.10 (1.00, 1.21) 1.09 (0.99, 1.20)
Quartile 3 2011 828 1.25(1.11, 1.40) 1.19 (1.06, 1.34)
Quartile 4 (highest) 2,545 1,069 1.29 (1.16, 1.44) 1.22 (1.09, 1.36)
p- for trend? - - <0.001 <0.001

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). “Adjusted

data are expressed as odds ratio (95% confidence intervals). °P for trend were obtained using multivariate logistic regression analyses.

In contrast, adherence to nine or more eating habits showed no
significant association with dietary knowledge. The crude odds ratios
(95% CI) were 1.17 (0.69, 1.99) for Q2, 1.10 (0.58, 2.10) for Q3, and
1.42 (0.80, 2.50) for Q4, compared to the reference group (Q1)
(p=0.276). After adjusting for confounders, the odds ratios (95% CI)
were 1.18 (0.69, 2.02) for Q2, 1.01 (0.53, 1.95) for Q3, and 1.26 (0.71,
2.25) for Q4 (p=0.560; Table 12).

3.3 Multifactorial logistic regression
analysis of dietary knowledge and
likelihood of healthy eating behaviors
among adolescents

In a sample of adolescent, this study examined the association
between dietary knowledge and adherence to the number of different
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eating habits, with dietary knowledge as the independent variable and
adherence to the number of different eating habits as the
dependent variable.

Similarly, for two or more eating habits, no significant association
with dietary knowledge was found. The crude odds ratios (95% CI)
were 0.81 (0.44, 1.50), 1.28 (0.68, 2.38), and 1.06 (0.49, 2.32) for Q2,
Q3, and Q4, respectively, compared to the reference group (Q1)
(p=0.491). After adjusting for confounders, the adjusted odds ratios
(95% CI) were 0.85 (0.46, 1.60) for Q2, 1.16 (0.61, 2.20) for Q3, and
1.02 (0.46, 2.26) for Q4 (p=0.705; Table 13).

For adherence to three or more eating habits, the results showed no
significant association between dietary knowledge and adherence. The
crude odds ratios (95% CI), compared to the reference group (Q1) were
0.83 (052, 1.33) for Q2, 1.23 (0.79, 1.91) for Q3, and 1.23 (0.70, 2.18) for
Q4 (p=0.221). Adjusted odds ratios (95% CI) were 0.83 (0.52, 1.34) for Q2,
1.13 (0.72, 1.77) for Q3,and 1.19 (0.67, 2.11) for Q4 (p=0.373; Table 14).
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TABLE 10 The associations between dietary knowledge and eating habits (>7 score).

College Number of participants Number of healthy Model 1° Model 2°

students eating behaviors

Categories of dietary knowledge

Quartile 1 (lowest) 3,040 503 1.000 (reference) 1.000 (reference)
Quartile 2 4,260 746 1.07 (0.95, 1.21) 1.06 (0.94,1.21)
Quartile 3 2011 397 1.24 (1.07, 1.44) 1.18 (1.02, 1.38)
Quartile 4 (highest) 2,545 515 1.28 (1.12, 1.47) 1.21 (1.05, 1.39)
p- for trend? - - <0.001 0.003

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted
data are expressed as odds ratio (95% confidence intervals). P for trend were obtained using multivariate logistic regression analyses.

TABLE 11 The associations between dietary knowledge and eating habits (>8 score).

College Number of participants Number of healthy Model 1°

students eating behaviors

Categories of dietary knowledge

Quartile 1 (lowest) 3,040 144 1.000 (reference) 1.000 (reference)
Quartile 2 4,260 202 1.00 (0.80, 1.25) 1.03 (0.82, 1.28)
Quartile 3 2011 96 1.01 (0.77, 1.31) 0.98 (0.75, 1.28)
Quartile 4 (highest) 2,545 165 1.39 (1.11, 1.76) 1.32 (1.04, 1.66)
p- for trend! - - 0.004 0.028

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted

data are expressed as odds ratio (95% confidence intervals). °P for trend were obtained using multivariate logistic regression analyses.

TABLE 12 The associations between dietary knowledge and eating habits (>9 score).

College students Number of
participants

Categories of dietary knowledge

Number of healthy
eating behaviors

Model 1°

Model 2°

Quartile 1 (lowest) 3,040 22 1.000 (reference) 1.000 (reference)
Quartile 2 4,260 36 1.17 (0.69, 1.99) 1.18 (0.69, 2.02)
Quartile 3 2011 16 1.10 (0.58, 2.10) 1.01 (0.53, 1.95)
Quartile 4 (highest) 2,545 26 1.42 (0.80, 2.50) 1.26 (0.71, 2.25)
p- for trend* - - 0.276 0.560

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted
data are expressed as odds ratio (95% confidence intervals). P for trend were obtained using multivariate logistic regression analyses.

Adherence to four or more eating habits did not show a significant
association with dietary knowledge. The crude odds ratios (95% CI)
were 1.24 (0.73, 2.10) for Q2, 1.83 (1.13, 2.97) for Q3, and 1.58 (0.86,
2.92) for Q4, compared with the reference group (Q1) (p=0.025).
Adjusted odds ratios (95% CI) after controlling for confounding
factors were 1.27 (0.74, 2.18) for Q2, 1.68 (1.02, 2.77) for Q3, and 1.53
(0.82, 2.86) for Q4 (p=0.059; Table 15).

Finally, adherence to five or more eating habits revealed no
significant association with dietary knowledge. The crude odds ratios
(95% CI) for Q2, Q3, and Q4 were 1.12 (0.58, 2.18), 1.58 (0.87, 2.88),
and 1.36 (0.63, 2.91), respectively, compared to Q1 (p=0.182). After
adjusting for confounders, the odds ratios (95% CI) were 1.19 (0.60,
2.33) for Q2, 1.53 (0.83, 2.83) for Q3, and 1.35 (0.62, 2.92) for Q4
(p=0.238; Table 16).
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3.4 Multifactorial logistic regression
analysis of dietary knowledge and
likelihood of individual dietary habits
among college students

This study explored the association between dietary
knowledge and individual dietary habits among college students.
The odds ratios (95% CI) for water consumption, comparing Q2,
Q3, and Q4 to the reference group (Q1), were 0.98 (0.86, 1.12),
1.04 (0.89, 1.22), and 1.14 (0.98, 1.32), respectively (p=0.055).
After adjusting for confounding factors, the adjusted odds ratios
(95% CI) for Q2, Q3, and Q4 versus Q1 were 1.02 (0.89, 1.17), 1.05
(0.90, 1.24), and 1.14 (0.98, 1.32), respectively (p=0.084;
Supplementary Table S1).
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TABLE 13 The associations between dietary knowledge and eating habits (>2 score).

Adolescent

Number of participants

Number of healthy

eating behaviors

Model 1°

10.3389/fpsyg.2024.1453815

Categories of dietary knowledge

Quartile 1 (lowest) 143 120 1.000 (reference) 1.000 (reference)
Quartile 2 110 110 0.81 (0.44, 1.50) 0.85 (0.46, 1.60)
Quartile 3 153 153 1.28 (0.68, 2.38) 1.16 (0.61, 2.20)
Quartile 4 (highest) 61 61 1.06 (0.49, 2.32) 1.02 (0.46, 2.26)

p- for trend?

0.491

0.705

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted
data are expressed as odds ratio (95% confidence intervals). °P for trend were obtained using multivariate logistic regression analyses.

TABLE 14 The associations between dietary knowledge and eating habits (>3 score).

Adolescent

Number of participants

Number of healthy

eating behaviors

Model 1°

Categories of dietary knowledge

Quartile 1 (lowest) 143 74 1.000 (reference) 1.000 (reference)
Quartile 2 110 64 0.83 (0.52, 1.33) 0.83 (0.52, 1.34)
Quartile 3 153 100 1.23(0.79, 1.91) 1.13(0.72, 1.77)
Quartile 4 (highest) 61 41 1.23 (0.70, 2.18) 1.19 (0.67, 2.11)

p- for trend!

0.221

0.373

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). “Adjusted
data are expressed as odds ratio (95% confidence intervals). ‘P for trend were obtained using multivariate logistic regression analyses.

TABLE 15 The associations between dietary knowledge and eating habits (>4 score).

Adolescent

Number of participants

Number of healthy

eating behaviors

Model 1°

Categories of dietary knowledge

Quartile 1 (lowest) 143 36 1.000 (reference) 1.000 (reference)
Quartile 2 110 40 1.24 (0.73,2.10) 1.27 (0.74,2.18)
Quartile 3 153 67 1.83(1.13,2.97) 1.68 (1.02, 2.77)
Quartile 4 (highest) 61 25 1.58 (0.86, 2.92) 1.53 (0.82, 2.86)

p- for trend*

0.025

0.059

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted
data are expressed as odds ratio (95% confidence intervals). °P for trend were obtained using multivariate logistic regression analyses.

TABLE 16 The associations between dietary knowledge and eating habits (>5 score).

Adolescent

Number of participants

Number of healthy

eating behaviors

Model 12

Categories of dietary knowledge

Quartile 1 (lowest) 143 20 1.000 (reference) 1.000 (reference)
Quartile 2 110 21 1.12 (0.58,2.18) 1.19 (0.60, 2.33)
Quartile 3 153 36 1.58 (0.87, 2.88) 1.53 (0.83, 2.83)
Quartile 4 (highest) 61 13 1.36 (0.63,2.91) 1.35(0.62, 2.92)

p- for trend®

0.182

0.238

*Model 1: crude. "Model 2: Adjusted for sex, age, annual family income, father and mother’s education (primary and below, junior high, high school, or junior college and above). ‘Adjusted
data are expressed as odds ratio (95% confidence intervals). °P for trend were obtained using multivariate logistic regression analyses.
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For egg consumption, the odds ratios (95% CI) for Q2, Q3, and
Q4 compared to the reference group (Q1) were 1.01 (0.92, 1.11), 1.11
(0.99, 1.24), and 1.16 (1.04, 1.29), respectively (p=0.002). After
accounting for the confounders, the adjusted odds ratios (95% CI)
were 1.00 (0.91, 1.10), 1.08 (0.96, 1.21), and 1.12 (1.01, 1.25),
respectively (p=0.016; Supplementary Table 52).

Regarding milk consumption, the odds ratios (95% CI) for Q2,
Q3, and Q4 in comparison to Q1 were 1.04 (0.94, 1.16), 1.09 (0.96,
1.24),and 1.13 (1.01, 1.28), respectively (p=0.031). After adjusting for
confounding factors, the adjusted odds ratios (95% CI) were 1.04
(0.93, 1.15) for Q2, 1.06 (0.93, 1.21) for Q3, and 1.10 (0.98, 1.25) for
Q4 (p=0.110; Supplementary Table S3).

In terms of vegetable consumption, the odds ratios (95% CI) for
Q2, Q3, and Q4 relative to Q1 were 1.32 (1.08, 1.61), 1.50 (1.16,
1.93), and 1.29 (1.03, 1.62), respectively (p=0.015). Adjusted odds
ratios (95% CI) for Q2, Q3, and Q4 were 1.33 (1.09, 1.62), 1.48
(1.15, 1.92), and 1.27 (1.01, 1.60), respectively (p=0.028;
Supplementary Table S4).

When examining fruit consumption, the odds ratios (95% CI) for
Q2, Q3, and Q4 compared to Q1 were 1.20 (1.07, 1.35), 1.24 (1.08,
1.43), and 1.24 (1.09, 1.42), respectively (p=0.001). After adjusting for
confounders, the adjusted odds ratios (95% CI) were 1.16 (1.03, 1.31)
for Q2, 1.18 (1.02, 1.37) for Q3, and 1.19 (1.04, 1.36) for Q4 (p=0.012;
Supplementary Table S5).

For red meat consumption, the odds ratios (95% CI) comparing
Q2, Q3,and Q4 to Q1 were 1.19 (1.05, 1.34), 1.17 (1.01, 1.35), and 1.13
(0.99, 1.29), respectively (p=0.113). After adjusting for confounders,
the adjusted odds ratios (95% CI) were 1.16 (1.03, 1.31) for Q2, 1.10
(0.95, 1.28) for Q3, and 1.05 (0.92, 1.21) for Q4 (p=0.639;
Supplementary Table S6).

For soy and soy products, the odds ratios (95% CI) for Q2, Q3,
and Q4 compared to the reference group (Q1) were 1.17 (1.05, 1.30),
1.25 (1.10, 1.42), and 1.16 (1.03, 1.30), respectively (p=0.011). After
adjusting for the confounding factors, the adjusted odds ratios (95%
CI) were 1.15 (1.04, 1.28) for Q2, 1.20 (1.05, 1.37) for Q3, and 1.10
(0.97, 1.24) for Q4 (p=0.112; Supplementary Table S7).

The analysis of seafood consumption revealed odds ratios (95%
CI) of 0.97 (0.88, 1.06) for Q2, 1.04 (0.93, 1.17) for Q3, and 1.10 (0.99,
1.22) for Q4, compared to the reference group Q1 (p=0.036). After
controlling for confounders, the adjusted odds ratios (95% CI) were
0.96 (0.87, 1.06) for Q2, 1.00 (0.89, 1.12) for Q3, and 1.03 (0.92, 1.15)
for Q4 (p=0.459; Supplementary Table S8).

Lastly, for sugar-sweetened beverage consumption, the odds ratios
(95% CI) for Q2, Q3, and Q4 compared to the reference group (Q1)
were 1.05 (0.95, 1.16), 1.13 (1.00, 1.28), and 1.17 (1.04, 1.31),
respectively (p=0.004). After adjusting for confounding factors, the
adjusted odds ratios (95% CI) were 1.05 (0.94, 1.16) for Q2, 1.12 (0.99,
127) for Q3, and 1.16 (1.03, 1.30) for Q4 (p=0.007;
Supplementary Table S9).

3.5 Multifactorial logistic regression
analysis of dietary knowledge and
likelihood of individual dietary habits
among adolescent

This study investigated the association between dietary knowledge
and individual dietary habits among adolescents. The odds ratios (95%
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CI) for vegetable consumption in Q2, Q3, and Q4, compared to the
reference group (Q1), were 1.57 (0.98, 2.52), 2.78 (1.75, 4.42), and 2.01
(1.12, 3.59), respectively (p < 0.001). After adjusting for variables such
as sex, age, annual family income, and parents’ education, the adjusted
odds ratios (95% CI) for Q2, Q3, and Q4 compared to Q1 were 1.64
(1.01, 2.64), 2.62 (1.63, 4.20), and 1.97 (1.09, 3.55), respectively
(p<0.001; Supplementary Table S10).

For fruit consumption, the odds ratios (95% CI) for Q2, Q3, and
Q4 relative to Q1 were 1.43 (0.83, 2.48), 1.82 (1.07, 3.09), and 2.41
(1.13, 5.16), respectively (p=0.007). After adjusting for sex, age,
annual family income, and parents’ education, the adjusted ratios
(95% CI) were 1.51 (0.86, 2.63) for Q2, 1.89 (1.09, 3.27) for Q3, and
2.51 (1.16, 5.42) for Q4 (p=0.006; Supplementary Table S11).

In terms of fast-food consumption, the odds ratios (95% CI)
comparing Q2, Q3, and Q4 to the reference group (Q1) were 1.05
(0.65, 1.67), 1.24 (0.80, 1.93), and 1.38 (0.78, 2.45), respectively
(p=0.191). After adjusting for confounding factors such as sex, age,
family income, and parents’ education, the adjusted odds ratios (95%
CI) were 1.08 (0.67, 1.75) for Q2, 1.22 (0.77, 1.92) for Q3, and 1.38
(0.77,2.47) for Q4 (p=0.227; Supplementary Table S12).

For salty snack consumption, the odds ratios (95% CI) for Q2, Q3,
and Q4 compared to Q1 were 0.74 (0.46, 1.18), 1.06 (0.68, 1.65), and
0.79 (0.45, 1.39), respectively (p=0.863). After adjusting for sex, age,
annual family income, and parents’ education, the adjusted odds ratios
(95% CI) for were 0.73 (0.46, 1.17) for Q2, 0.99 (0.63, 1.55) for Q3, and
0.76 (0.43, 1.35) for Q4 (p=0.659; Supplementary Table S13).

The analysis of soft drink and sugared fruit drink consumption
revealed odds ratios (95% CI) of 0.52 (0.32, 0.84) for Q2, 0.55 (0.35,
0.86) for Q3, and 0.49 (0.27, 0.89) for Q4 compared to the reference
group (p=0.008). After adjusting for sex, age, annual family income,
and parents’ education, the adjusted odds ratios (95% CI) were 0.51
(0.31, 0.84) for Q2, 0.48 (0.30, 0.77) for Q3, and 0.46 (0.25, 0.83) for
Q4 (p=0.002; Supplementary Table S14).

4 Discussion

This was the first study to examine the relationship between
nutritional knowledge and dietary behavior based on the Guidelines.
The results demonstrated that individuals with higher levels of
nutritional knowledge tended to exhibit healthy eating patterns for
individual food types and a greater propensity for diverse healthy
dietary behaviors among college students. In contrast, similar
association was not observed among adolescent. Thus, nutritional
knowledge was associated with specific dietary behaviors and overall
dietary diversity among college students.

The present findings were consistent with those of previous studies
indicating that adults with good knowledge of the Guidelines exhibited
significantly higher daily intake of grains, roots, vegetables, beans, tofu
products, fruits, meats, poultry, eggs, and dairy products than those with
poor knowledge (Feng Peng et al,, 2019), and that primary and middle
school students with good knowledge of the Guidelines exhibited better
hydration habits and higher intake of dark green vegetables and eggs
than those with poor knowledge (Huang FeiFei et al,, 2015).

This relationship could be explained by the social cognitive theory,
which suggests that individuals recognize patterns in their thinking,
emotional responses, and behaviors and the conditions in which these
occur. A previous study based on the social cognitive theory and
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health belief model found that individuals who understand how to
change their behaviors and the modifiable aspects of their environment
may implement corrective changes (Tougas et al., 2015). According to
the social cognitive theory, individuals require a basic understanding
of food and healthy eating conditions to effectively change dietary
behavior. Individuals who obtain accurate dietary information and
recognize the relationship between food intake and health adjust their
dietary habits.

Previous study has found a positive correlation between health
awareness and healthy dietary habits (Beydoun and Wang, 2008).
Many studies have explored the association between dietary
knowledge and quality and found that people recognized the
usefulness of dietary guidelines, food composition, and expert advice
for obtaining healthy dietary patterns (Bonaccio et al., 2013). These
findings prompted strong endorsements of health education programs
to inform dietary choices. Therefore, a lack of knowledge could lead
to unhealthy eating habits, which is supported by sociological theories,
such as the social cognitive theory. A longitudinal follow-up survey in
China revealed that awareness of the Guidelines among adults
increased from 7.8% in 2004 to 24.4% in 2011, indicating that more
than 70% of Chinese adults were unaware of the Guidelines (Huang
Feilei et al., 2015). This lack of awareness may be related to unhealthy
eating habits. Surprisingly, similar association was not observed
among adolescent. It can be reasonably assumed that guardians or
school cafeteria staff exert a significant influence on adolescents’
dietary habits, given the typical provision of food to this age group by
their respective guardians or the school. As a consequence, adolescents
are unable to select a range of food items in accordance with their
personal preferences.

In China, dietary guidelines significantly enhanced public
understanding of food and strengthened self-awareness of the
necessity of a balanced diet. The significance of nutritional
knowledge was particularly evident when the results were stratified
by education level (Supplementary Table S13). It is reasonable to
believe that individuals with a higher degree of education may
be more inclined to be aware of the nutritional quality of food and
thus to choose healthy diets.

4.1 Limitations

This study had several limitations. First, the limited food
preference questionnaire hindered our ability to assess the
multidimensional nature of dietary preferences. Future studies
should explore dietary knowledge based on the Guidelines and
multidimensional food preferences. Second, due to the cross-
sectional design of this study, we could not determine the causal
association between dietary knowledge and behaviors. Future cohort
studies should examine the association between dietary knowledge
and eating behaviors. Third, this study employed a questionnaire on
dietary knowledge and eating behaviors that has been extensively
used in previous research (Ma et al., 2024; Liu et al., 2023). However,
the use of self-report data on congenital deficiencies in the
questionnaire limits the accuracy of the investigation into the dietary
knowledge and eating behaviors of the participants. Fourth, the
adoption of healthy eating behaviors or the acquisition of knowledge
about healthy diets over time can result in an excessive preoccupation
with healthy eating (Douma et al., 2021), which in turn may give rise
to the development of specific healthy eating habits. Such habits may
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contribute to the occurrence of eating disorders when they become a
dominant focus (McCartney, 2016). It would be beneficial for future
longitudinal follow-up studies to focus on whether long-term
adherence to healthy eating habits, or an unhealthy obsession with
healthy eating habits, leads to the development of eating disorders.

5 Conclusion

This study revealed a significant association between dietary
knowledge based on the Guidelines and adherence to healthy dietary
behaviors among college students in China. That is to say, the higher
the level of dietary knowledge based on the Guidelines among college
students, the healthier the dietary behaviors they tend to adopt in
their daily lives. These findings indicate the necessity of developing
educational interventions based on the Guidelines to enhance dietary
knowledge among individuals with limited dietary knowledge. Such
interventions could facilitate the acquisition of essential health-
related knowledge and strengthen motivation to engage in healthy
dietary behaviors. Future studies should employ longitudinal
prospective designs or randomized controlled trials in order to
establish a causal association between dietary knowledge based on
the Guidelines and healthy dietary behaviors.
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School of Nursing, Hangzhou Normal University, Hangzhou, China

Background: Eating disorders are illnesses that can seriously impair the health
and wellbeing of patients. Written emotional disclosure has been recognized
as a therapeutic technique that may be helpful in aiding patients’ emotional
and psychological adjustment. However, it is unclear what favorable effects
eating disorder patients can derive from written emotional disclosure therapy.
This study aimed to review the effectiveness of written emotional disclosure in
treating eating disorders using a systematic review and meta-analysis.

Objective: This study was to examine the validity of written emotional
disclosure intervention for eating disorders as well as to provide guidelines for
the management of eating disorders in patients.

Methods: Researchers independently developed inclusion and exclusion criteria
according to the PICOS principle and systematically searched English literature
databases such as PubMed, Medline, Web of Science, Cochrane Library, CINAHL,
EBSCO, Embase, and so on, from the time of library construction to December
2023. Cochrane Risk of Bias version 2 (RoB 2) was used to evaluate studies
included in this review. All the studies included in this study were randomized
controlled trials. Accurate information was extracted and then subjected to
meta-analysis with Review Manager 5.4 software. The credibility of the evidence
of the studies was assessed using GRADEprofiler 3.6 software.

Results: The final analysis included 13 randomized controlled trials involving
1,444 participants. The written emotional disclosure intervention can decrease
eating disorder symptoms scores (SMD = —0.20, 95% CI [-0.34, —0.05], Z = 2.59,
p = 0.01), body dissatisfaction scores (SMD = 0.37, 95% CI [0.21, 0.52], Z = 4.59,
p < 0.001), and thin ideal internalization score (SMD = 042, 95% CI [0.22, 0.62],
Z =412, p<0.001). Anxiety scores (MD = 043, 95% CI [-0.77, 1.63], Z = 0.70,
p = 048), depression scores (MD = -0.66, 95% CI [-1.78, 047], Z =114,
p = 0.25) and negative affect scores (SMD = 0.51, 95% CI [-0.24, 1.27], Z = 1.33,
p = 0.18), with no statistically significant differences.

Conclusion: In conclusion, this systematic review analyzed the existing
literature and showed that written emotional disclosure intervention is effective
in alleviating eating disorder symptoms and patients’ body image problems,
but there is insufficient evidence in alleviating depression, anxiety, and negative
affect. However, the evidence is limited. Therefore, more research is needed
in the future to further enrich the evidence for written emotional disclosure
intervention in the field of eating disorders.
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1 Introduction

Eating disorders (EDs) are highly complex illnesses characterized
by severe physical and psychological damage to the patient (1, 2). Due
to the complexity of diagnosing eating disorders, their diagnostic
definitions have been changing over the past decade (3, 4). The
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V) categorizes types of eating disorders as anorexia nervosa
(AN), bulimia nervosa (BN), and eating disorders not otherwise
specified (EDNOS) (5). Currently, the DSM-5 (6) incorporates binge-
eating disorder (BED) into its overall classification of eating disorders,
creating several new diagnosable eating disorders and expanding their
definitions. Research indicates that unhealthy eating behaviors can
lead to weight issues and disruptions in the endocrine system (7, 8).
Additionally, individuals with eating disorders often experience
feelings of loneliness or isolation, which can contribute to the
development of more severe psychological problems (9). Furthermore,
distorted body image perceptions can result in low self-esteem and
diminished self-worth for those affected by eating disorders (10).

Also, eating disorders pose a significant threat to global health,
and their prevalence is expected to increase. Statistics indicate that 3.3
million people worldwide lose their lives to ED every year (11).
Studies have shown that ED can bring out a severe disability burden
on society (12, 13). Moreover, according to Jared’s report (14), the
estimated overall tangible economic burden of eating disorders in the
United States amounts to $64.7 billion. The prevalence of eating
disorders is high. A survey reported that the prevalence of eating
disorders among adolescents in Ukraine, Hungary, and Poland was
37%, 22% and 20%, respectively (3). Some researchers in several
reported Asian developing countries, such as Malaysia and Singapore,
identified as high-risk populations at 50% and 43%, respectively,
showed positive results on early screening for eating disorders (15,
16). And, the prevalence of ED is expected to increase. Several studies
have shown that during the COVID-19 pandemic, eating disorders
increased (17-20). In addition, based on a study by Taquet et al. (21),
eating disorder diagnoses in the United States increased by 15.3%
overall in 2020 compared with before COVID-19, and the relative risk
has steadily increased since 2020. Therefore, disease management and
prevention for people with eating disorders is particularly important.

The symptoms of eating disorders are serious and complex (22), and
the types of medications applied in pharmacotherapy are also varied
(23). Multifaceted early intervention may become indispensable to
reduce the risk of long-term pathology and disability (24). Today, most
interventions are focused on psychological, lifestyle, and physical
activity (25). Regular high-intensity physical activity has been concluded
to improve eating habits and overall health (26). A study by Irandoust
etal. (27) proved that lifestyle interventions can be used as a long-term
effective treatment modality for individuals with eating disorders.
Additionally, Monaco et al. (28) have developed an advanced artificial
intelligence platform to provide personalized treatment for patients with
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eating disorders. Although the current diversity of interventions all have
favorable outcomes, psychotherapy is now recognized as a core
intervention for the effective treatment of eating disorders (29).
Currently, cognitive behavioral therapy (CBT-ED) (30) and
low-intensity psychological interventions (31) have come a long way.

In recent years, expressive writing interventions have received
increasing attention in the therapy of eating disorders. Expressive
writing (EW), also known as written emotional disclosure (WED), is
a succinct psychosocial intervention with the potential to improve
psychological regulation (32). The characteristic of WED lies in its
private nature, allowing individuals to explore their inner emotions
without external interference. It is a structured approach to writing
that facilitates cognitive and emotional processing of negative
experiences and personal challenges, and aims to enhance the process
of making meaning by creating narratives about their experiences,
thereby prompting individuals to process their emotions and thoughts
about traumatic experiences (33).

Regarding the potential effects of WED, it was not until the
mid-1990s that a consistent literature began to emerge in the health,
clinical, and psychosocial fields confirming the effectiveness of
expressive writing in improving health (34). Researchers and medical
professionals believe that using this strategy can help people improve
their mental health, reduce eating disorder symptoms, and gain
emotional control (35). In addition, there is evidence (36) that it can
alleviate negative body image issues and develop self-compassion.
Currently, in addition to traditional face-to-face writing therapy,
remote web-based writing interventions have been developed (37). This
improvement has expanded the target population for the intervention
by increasing the convenience and effectiveness of the treatment.

Researches have shown that WED can reduce specific symptoms
associated with eating disorders such as restricted eating and body
dissatisfaction (38-40). However, some studies have shown that there was
no significant effect of WED on body mass index or image concerns (41,
42). Lafont et al. (81) showed that WED only improved body image in
patients with severe symptoms of eating disorders. Also, a study by
Gamber et al. (43) concluded that WED did not reduce eating disorder
behaviors or cognitions. It is unclear what favorable effects eating disorder
patients can derive from written emotional disclosure therapy.
Additionally, there is a lack of sufficient meta-analyses to evaluate the
effectiveness of this treatment. Consequently, this study aimed to evaluate
the efficacy of written emotional disclosure therapy for eating disorders
by conducting a systematic review and meta-analysis.

2 Methods

This study was a systematic review and meta-analysis. The study
follows the the guidelines for reporting systematic reviews and meta-
(44), PRISMA-2020  checklist is
Supplementary Table 3.

analysis specific in
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2.1 Inclusion and exclusion criteria

Criteria for inclusion included: (1) Individuals diagnosed with
an eating disorder, such as anorexia nervosa, bulimia nervosa, or
binge eating disorder according to the DSM-IV or DSM-5
classification systems, or individuals with high-risk factors for the
development of eating disorders (e.g., internalization of body
ideals, body image concerns, stress, cognitive flexibility deficits
and so on) and participating in a written emotional disclosure
intervention; (2) Participants of any age, gender or ethnicity; (3)
Participants involved in the intervention engaged in expressive
writing that focused on emotions and thoughts associated with
eating disorder experiences; (4) Studies comparing written
emotional disclosure interventions with no intervention/waiting
list controls, conventional treatment controls, alternative
psychological interventions (e.g., CBT, IPT), placebo, or
attentional control interventions; (5) Randomized controlled trials
(RCTs) comparing written emotional disclosure intervention to a
control group. Clinical trials that are not randomized, including
quasi-experimental and controlled trials.

Criteria for exclusion included: (1) Participants with comorbid
psychiatric conditions unless data is reported separately for those
with eating disorders only; (2) Studies evaluating interventions other
than written emotional disclosure (e.g., CBT, IPT, medication); (3)
Reviews, case studies, opinion pieces and non-empirical studies. (4)
The study population included individuals with unspecified
psychiatric or eating disorders, individuals with unspecified risk
factors for eating disorders (people with ED-NOS will be excluded),
or participants involved in treatment other than written emotional
disclosure; (5) Studies that have deviation of intervention mode (e.g.,
studies that de-emphasized writing about affective experiences of
eating disorders, focused on verbal disclosure rather than written
disclosure, or did not use

writing as a primary

intervention component).

2.2 Search strategy

A systematic search was conducted across the following databases:
PubMed, Medline, Cochrane Library, Web of Science, CINAHL,
EBSCO, and Embase. The search included records from the inception
of these major databases up to December 31, 2023.

We entered the following search terms in the above database:
writing or “expressive writing” or “written disclosure” or “emotional
expression” or “emotional disclosure” or “written emotional disclosure”
or dairy or self-compassion* and “eating disorder” or “binge eating” or
eating disorder* or eating disorders *. Supplementary Table 1 contains
specific search formulas for each database.

2.3 Study selection

Titles and abstracts were reviewed independently by two authors
(YW and TX). In cases of disagreement, a third author (YT) was
consulted. The PRISMA flowchart (Figure 1) summarizes the
screening process for identifying, including, and excluding studies at
each stage and provides the number of screenings and reasons
for exclusion.
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2.4 Data collection process

Author (YW) extracted the data and the other author (TX)
verified the accuracy and completeness of the extracted data. In the
face of uncertainty, the two authors discussed with each other and
finally reached an agreement. Among the information obtained were:
Study characteristics (authors, year of publication, country, and study
design). Participant characteristics included sample size, age, gender,
eating disorder diagnoses, or risk factors for eating disorders.
Intervention details (form of writing intervention, number and
duration of writing sessions, control group details, outcome measures
and assessment time points). Supplementary Table 2 contains details
about the writing contents of the experimental and control groups,
time points for assessment, and follow-up rates.

2.5 Types of outcome measures

2.5.1 Primary outcome

The primary outcome measure was eating disorder symptoms.
The severity of eating disorder symptoms was gauged through a
standardized self-report questionnaire or clinical rating scale. These
scales primarily encompassed the Eating Disorders Examination
Questionnaire (EDE-Q) (45), Eating Disorders Examination (EDE)
(46) interview, Eating Disorders Scale (EDI) (47), and Eating
Disorders Diagnostic Scale (EDDS) (48).

2.5.2 Secondary outcomes

The secondary outcomes of this paper pertain to mental health, body
image issues and the negative affect. Mental health levels were
determined using standard questionnaires that evaluated depression,
anxiety, and others. Typical measures comprise the Hospital Anxiety and
Depression Scale (HADS) (49). Body image was assessed by self-report
questionnaires such as the Body Shape Questionnaire (BSQ) (50), the
Satisfaction and Dissatisfaction with Body Parts Scale (SBPDS) (51), and
the Ideal Body Stereotype Scale (IBSS) (52). Negative affect was measured
by the Positive Affect and Negative Affect Scale (PANAS) (53).

2.6 Quality assessment

Two authors (YW and XC) independently used the Cochrane Risk
of Bias version 2 (RoB 2) tool to evaluate the quality of bias in
randomized trials by evaluating the quality of the 13 articles screened.
The risk of bias was assessed through five domains: bias in the
randomization process, deviations from the intended interventions,
missing outcome data, and bias in the measurement of the outcome,
with the corresponding entries rated as “Yes, Y; “Probably Yes, PY,”
“Probably No, PN,” “No, N,” or “No Information, NI” Overall bias

» <«

would be judged as “Low;” “High” or “Some concerns”

2.7 Data analysis

This paper will provide a narrative summary of the features,
interventions, and outcomes of this study. Depending on the
heterogeneity of the studies, either fixed or random effects models
will be utilized for meta-analysis. Estimate the effect measures of
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and
registers only
[ Identification of studies via databases ]
Records identified from
databases (n = 2847): Records removed before
s - PubMed (n =314), .
= . screening:
S + Web of Science (n = 902), —> ]
£ - Embase (n = 444), Duplicate records removed (n =
g + Cochrane Library(n = 251), 1143)
+ CINAHL (n = 179),
+ EBSCOhost (n =757)
M) A4
Records screened by title and .| Records excluded based on title
abstract (n = 1704) " | and abstract (n = 1645)
Full-text articles excluded,with
\ 4 reasons (n = 46):
" ol " + Full text not available (n =4)
= 51111 '-l’;ciel)i(;cyal('ﬁc:essgaissessed o »| - Wrong population (n = 14)
< &l + Unrelated intervention (n = 5)
g + Intervention not focused on
@ written emotional disclosure (n = 2)
* Unrelated research topic (n = 10)
+ Missing pre- and post-
intervention data (n = 3)
* Reuse data from previous studies
0=5)
+ Unwanted data types (n = 3)
e v
= Articles included for data synthesis (n = 13)
E
T:’ A4
- Articles included for meta-analysis (n = 13)
FIGURE 1
PRISMA flowchart.

the primary outcome. Studies presenting a high risk of bias will
be excluded from the sensitivity analysis. I? will be employed to
quantify heterogeneity. In case of significant heterogeneity,
subgroup analyses will be conducted to identify potential sources
(such as the age of the study population or the follow-up time,
etc.). If an adequate amount of research is available, separate
meta-analyses will be carried out for subgroups based on the
category of eating disorders, the age of the participants, gender,
and the form of intervention. Additionally, studies with missing
outcome data are evaluated to determine whether appropriate
approaches, such as intention-to-treat analyses using inferential
methods, are employed to address the missing data. Studies that
fail to account for missing data adequately will be regarded as
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having a greater risk of bias and will be excluded from
meta-analysis.

2.7.1 Heterogeneity

Review Manager Software version 5.4 was used for statistical
analysis of data. To estimate intervention effects for continuous
variables measured by various scales, standardized mean differences
(SMDs) along with 95% confidence intervals (CIs) were utilized. The
heterogeneity among all included studies was evaluated using the
I-squared statistic (I?). It assesses the extent of heterogeneity, with a
value of 0% indicating no observed heterogeneity, 25% representing
low heterogeneity, 50% signifying moderate heterogeneity, and 75%

indicating high heterogeneity (54). When the p > 0.1 and the I’ statistic
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was 50% or lower, homogeneity among studies was assumed, and a
fixed-effects model was applied. Conversely, when the p < 0.1 and the
P statistic exceeded 50%, significant heterogeneity among outcomes
was identified, prompting an analysis of the sources of heterogeneity
and the adoption of a random-effects model. If the origin of the
heterogeneity could not be ascertained, a descriptive analysis of the
relevant outcome indicators was conducted. To assess the reliability
and robustness of the pooled results, we excluded one study at a time
for sensitivity analyses. When heterogeneity was substantial, subgroup
analyses were conducted. If the source of heterogeneity remained
unidentified, a descriptive analysis was performed to provide a
qualitative overview of the outcome indicators of interest. Egger
regression tests indicated statistically significant publication bias when
P < 0.05. The meta-analysis findings were illustrated using forest plots.

2.7.2 Subgroup analysis

The main outcome indicators we addressed were eating disorder
symptoms, body dissatisfaction, thin ideal internalization, anxiety,
depression, and negative affect. All outcome indicators could
be extracted from the studies and included in the software analysis. In
the meta-analysis of the outcome indicator body image dissatisfaction,
we conducted subgroup analyses for the follow-up time node
(1 month) due to high heterogeneity; for the thin ideal internalization
indicator, subgroup analyses based on its year of publication, sample
size, and occupational characteristics of the population failed to
definitively find the source of heterogeneity.

2.7.3 Sensitivity analysis

This study conducted sensitivity analyses on certain outcome
measures to evaluate the influence of the included studies on pooled
outcomes characterized by significant heterogeneity and to determine
whether the synthesized results were robust. When the heterogeneity
of the outcomes was high, we performed sensitivity analyses using the
exclusion-by-exclusion method. Each study was excluded in turn, and
then the remaining study was combined in a meta-analysis, and the
changes in the combined results were observed to assess whether the
results of the original meta-analysis were significantly changed by
certain studies.

2.7.4 Publication bias

This study measured publication bias using funnel plots and Egger
regression tests for meta-analysis involving at least 10 studies (54). The
presence of publication bias was assessed using Egger’s regression
intercepts (55). This method involves examining the correlation
between the effect size and the standard error of the effect size to
determine if there is a significant correlation between the study effect
size and the study precision. If there is no publication bias, the regression
intercept is zero and significant results indicate the study presents
publication bias. Because this study did not include more than 10
studies in any of the several outcome indicators for which analyses were
conducted, a method for detecting publication bias would show limited
validity; therefore, publication bias was not assessed in this study.

2.8 Certainty assessment

We used the GRADEprofiler 3.6 software (56) to assess the
certainty of the body of evidence for outcomes. The tool considers the
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initial quality of evidence from randomized controlled trials and
downgrades or upgrades the quality of evidence based on the rigor of
the study design, consistency of the results, precision of the effect sizes,
and the potential for publication bias, etc. The quality of evidence
output from GRADEprofiler 3.6 is classified into four tiers, namely,
high, moderate, low, and very low, and the strength of
recommendations is classified into “strong recommendation” and
“weak recommendation” to guide clinical decision makers to
formulate more precise treatment recommendations based on the
understanding of the certainty of the evidence.

3 Results
3.1 Study selection

The process of study selection involved mainly two authors (YW and
TX) independently, and during the process of the evaluation, the two
authors discussed and strategized to resolve any uncertainties regarding
the eligibility of the studies. Any study on which they disagreed was
referred to a third author (YT) to review for inclusion. The first search of
the literature base generated 2,847 studies. The remaining 1704 studies
were screened for title and abstract after removing 1143 duplicate studies.
After title and abstract screening, 1,645 studies were excluded. This meant
that 59 studies needed to be assessed by reading the full-text. Following
reading the full text, 46 studies were excluded due to non-compliance. 13
studies were ultimately included in the meta-analysis. Figure 1
summarizes our process of study selection.

3.2 Characteristics of the study

Among the 13 studies (36-38, 41, 57-65) included in the meta-
analysis (Table 1), the majority were from Western European countries
(n =7; 53.8%), with four from the United Kingdom (38, 41, 58, 63),
two from Sweden (37, 59), and one from the Netherlands (64); some
were from the Americas (n=4; 30.8%), with three from the
United States (36, 57, 62) and one from Canada (61); and two were
from Asia (China) (65) and Oceania (New Zealand) (60), respectively.
The gender of the majority of the participant population included in
the studies was female (n = 1,074; 74.4%), with the majority of the
studies targeting women with body image-related concerns (n = 8;
61.5%), and the inclusion criteria for only one study (64) was a
confirmed diagnosis of eating disorders. One study (64) did not
mention the occupations of the participating population, while the
rest of the studies focused on university students, and in the studies
that did mention the participating population, the majority of the
participants belonged to the white ethnic group and were from the
European region.

3.3 Characteristics of intervention

3.3.1 Form, session frequency, and duration of
WED

Of the 13 studies included, almost all of the forms of written
emotional disclosure were conducted in a researcher-led process,
where participants were guided by the researcher according to the
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TABLE 1 The characteristics of studies.

Author, year and
country

Sample

Age

Gender

Occupation

Ethnicity

Diagnosis/
risks of

eating
disorders

Form of EW

Number and
duration of
writing
sessions

Comparison
group
specifics

UK

European 2.8%, Indian 1.4%,
Bangladeshi 1.4%, Caribbean
1.4%, African 1.4%, Mixed
ethnicity 1.4%, Chinese 2.8%,
other 4.2%

researchers/write by hands

Jennifer Brenton-Peters, 53 25.77(7.99) = Male: 18 Female: 33 All students NZ European 32.08%, Stress Under the guidance of 10 min Neutral writing
etal. (2023) Transgender: 2 Chinese 18.87%, other researchers /write by hands
New Zealand 24.53%, the rest are those who
did not report.

Danielle Arigo and Joshua 111 18.89(1.02) = Male: 0 Female: 111 All students Caucasian 70%, African Appearance Under the guidance of Three sessions, each Neutral writing
M. Smyth (2012) American 7%, Hispanic/ concerns researchers/write by hands | lasts 15 min
USA Latina 6%
Kheana Barbeau, et al. 114 25.8(6.9) Male: 0 Female: 126 All students White 85.67% Body image Under the guidance of NR Neutral writing
(2022) concerns researchers/write by
Canada e-mails
Anna C. Ciao, et al. 76 19.90 (3.17) | Male: 13 Female: 60 All students White 78%, Asian 6%, Body image Under the guidance of peer = Two 2-h sessions held No intervention
(2021) Transgender: 1 gender Multiracial 15%, Another concerns leaders/Video Intervention 1 week apart, each
USA neutral: 3 Identity 1% session includes

10 min writing time
Philippa East, et al. (2010) 48 33.93(6.32) = Male: 10 Female: 38 All students NR Cognitive Under the guidance of 3 days, Write for Neutral writing
UK flexibility deficits researchers/write by hands | 20 min each day
Ata Ghaderi, et al. (2020) 148 17.4 (1.5) NR Students 93.2%, NR Body image Under the guidance of The writing lasts for a No intervention
Sweden other 6.8% concerns researchers/write by hands | month, with each

writing session lasting

40 min
Ata Ghaderi, et al. (2022) 72 33.83(8.40) | NR All students NR Body Under the guidance of 30 min No intervention
Sweden dissatisfaction researchers/write by hands
Olwyn Johnston, et al. 94 28.9(9.8) Male: 9 Female: 71 Students 61.3%, White 76.3%, other 23.7% Negative emotions | Under the guidance of 3 days, write for Neutral writing
(2009) other 38.7% and bulimia researchers/write by 20 min each day
UK symptoms e-mails
N. Kupeli, et al. (2018) 71 20.54 (5.18) | Male: 0 Female: 71 All students British 32.4%, Other Stress Under the guidance of 3 days, Write for Neutral writing

15 min each day

76

(Continued)
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Comparison
No intervention

specifics

Neutral writing

No intervention

Neutral writing

Number and
duration of
Three individual

sessions

weekly 45-min sessions

15 min

10 min

Weekly three 45-min

sessions

Form of EW
Under the guidance of

researchers/write by hands

Under the guidance of

researchers/write by hands

Under the guidance of

researchers/write by

e-mails

Under the guidance of

researchers/write by

e-mails

Diagnosis/
eating
disorders
Body

dissatisfaction

Thin-ideal images

Appearance-

related

cyberbullying

BED, BN UFED
with BED-

dynamics

Asian/Pacific Islander 10%,

P
=
O

c
<
=
w

African American 6%,

Hispanic 19%, Caucasian

58%, and 7% who specified

other or mixed racial heritage.

NR

Chinese 100%

NR

Occupation
All students

All students

All students

NR

Male: 0 Female: 249

Male: 0 Female: 140

Male: 0 Female: 175

NR

17.0 (1.4)

19.23 (1.21)

20.90 (1.65)

35.0 (11.90)

249

141

175

92

Eric Stice, et al. (2006)

USA

TABLE 1 (Continued)

Dennis Relojo (2016)

UK

Wang and Ding (2023)

China

Jorg Tanis et al. (2023)

Netherlands
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EW, expressive writing; BED, binge eating disorder; BN, bulimia nervosa; UFED, unspecified feeding or eating disorder; NR, not reported.
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writing manual developed by Pennebaker (66). Only one study
mentioned a peer-led form of writing (36). The majority of the studies
(37, 38,41, 57,59, 60, 62, 63) encouraged participants to engage in
handwriting at the time of the intervention (n=8; 61.5%). The
remaining five studies delivering the intervention via a media format
(36, 58, 61, 64, 65). The duration of all writing interventions was
mainly concentrated between 10 and 45 min, and the majority of the
studies had three writing sessions during the study period, with some
of them not mentioning the specific number and duration of
the interventions.

3.3.2 Content of WED

In all of the studies, the written emotional disclosure
intervention was specified as “encouraging participants to write
about their emotional state while experiencing symptoms related
to the eating disorder” The content of the writing interventions in
13 studies was categorized into the following three types: (1)
Participants wrote in detail about their own emotional experiences
when dealing with conditions related to their physical problems;
(2) Participants wrote a letter of gratitude or encouragement from
another person’s point of view (e.g., imagining themselves writing
a letter of gratitude or encouragement from a friend’s point of
view or from the perspective of the macrocosm, or by watching a
movie and engaging in reflective writing, wrote about the
emotional experiences after the movie, etc.); (3) Encouraging
participants to describe moments of strong, positive emotional
experiences for themselves and to write what it would be like to
fantasize about themselves in that moment. Among the 13 studies,
the control group essentially took a neutral writing approach, with
writing that consisted of merely describing a superficial topic or
describing a milestone dietary goal and did not include describing
one’s emotional experience. Five of the studies had blank control
groups (i.e., there was no intervention for control participants)
(36, 37,57, 59, 65). However, one of the studies added to the blank
control group that those who met the criteria for anorexia nervosa,
bulimia nervosa, or binge eating disorder at any follow-up
assessment in the control group were referred to treatment (57).

3.4 Risk of bias in studies

Two authors (YW and XC) performed a risk assessment of the
13 included studies, the agreement was 80%, and the differences
in the assessments were subsequently discussed and revised. The
results are shown in the Figures 2, 3. Since few of the included
study mentioned information related to allocation concealment,
these studies were assessed as “some concerns” when performing
the risk of bias assessment of the randomization process. As for
the risk of bias, five studies ultimately assessed as “low”
(38.5%), five as “some concerns” (38.5%), and three as “high”
(23.1%).

3.5 Meta-analysis results
Regarding the eating disorder symptoms, eight studies

employed diverse eating disorder screening questionnaires (38,
41,57,58,61, 62, 64, 65); Five studies gauged body dissatisfaction
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Risk of bias table.

by different scales (36, 37, 57, 59, 65); Four studies utilized
different versions of the Ideal Body Stereotype Scale to assess the
internalization of the ideal body (36, 37, 57, 63). Concerning the
measurement of mental health outcomes, two studies utilized the
identical anxiety and depression scales (38, 58), and four studies
employed distinct negative affect scales (36, 37, 57, 65). Baseline
analyses were comparable and data could be merged for
meta-analysis.
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3.5.1 Eating disorder symptoms

Eight studies analyzed the effect of WED therapy in participants
with eating disorders (38, 41, 57, 58, 61, 62, 64, 65). A total of 720
study participants were included. The eight studies were scored using
different scales to measure eating disorder symptoms, and SMD were
utilized in the subsequent analyses. The results showed low
heterogeneity (p = 0.17, I = 33%), and a fixed-effect model was used
to meta-analysis. The robustness of the results was tested by sensitivity
analysis, and one study was excluded (61). After the group
heterogeneity disappeared (p = 0.87, I’ = 0%), meta-analysis showed
that the difference in the scores of eating disorder symptoms was
statistically significant (SMD = —0.20, 95% CI [-0.34, —0.05],
Z =259, p=0.01) (see Figure 4).

3.5.2 Body dissatisfaction

Five studies analyzed the effect of WED therapy on body
dissatisfaction in the study population (36, 37, 57, 59, 65). The five
studies examined a total of 394 study participants, who were scored
with diverse scales to measure the level of body dissatisfaction before
and after the intervention. The outcome was analyzed by utilizing
SMD, which showed a high degree of heterogeneity (p=0.04,
I? = 60%). Use randomized effects model for meta-analysis, subgroup
analysis by length of follow-up (with 1 month as the cut-off) showed
that heterogeneity still existed within the group with <1 month of
follow-up (p = 0.008, I’ = 74%). We performed sensitivity analysis and
eventually discovered that removing the study of Ghaderi et al. (59)
showed no statistically significant results although within-group
heterogeneity was reduced (p = 0.07, I’ = 60%), which may indicate
that the follow-up time node is one of the factors contributing to the
occurrence of heterogeneity. There may be multiple sources of
heterogeneity in this result, and further search for sources of
heterogeneity is needed. Statistically significant differences were found
between scores of body dissatisfaction before and after the intervention
(SMD = 0.37, 95% CI [0.21, 0.52], Z = 4.59, p < 0.001) (Figure 5).

3.5.3 Thin ideal internalization

Four studies analyzed the effect of WED on the thin ideal
internalization in the study population (36, 37, 57, 63). A total of 442
study participants were available, and the four studies were analyzed
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by utilizing SMD using different scales to gauge the thin ideal
internalization. The results showed a high degree of heterogeneity
(p <0.001, PP = 93%). The meta-analysis used a random-effects model.
After the sensitivity analysis, we removed two studies and the
heterogeneity disappeared (37, 63) (p = 0.74, I = 0%), and the results
showed that the difference between the scores of the thin ideal
internalization in study population before and after the intervention
was statistically significant (SMD = 0.42, 95% CI [0.22, 0.62], Z = 4.12,
p <0.001), as shown in Figure 6.

3.5.4 Anxiety

Two studies analyzed the effect of WED on anxiety scores in the
study populations (38, 58). A total of 142 study participants were
included. The two studies used the Hospital Anxiety and Depression
Scale (HADS) and were analyzed using MD, which showed no
heterogeneity (p = 0.54, I = 0%). Meta-analysis was applied using a
fixed-effects model, which showed the following results: The difference
between anxiety scores was not statistically significant (MD = 0.43,
95% CI [=0.77, 1.63], Z = 0.70, p = 0.48) (see Figure 7).

3.5.5 Depression

Two studies analyzed the effect of WED on depression scores in
the study populations (38, 58). A total of 142 study participants were
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included. These two studies used the Hospital Anxiety and Depression
Scale (HADS), which was analyzed using MD, and the results showed
that there was no heterogeneity (p = 0.38, I’ = 0%). Meta-analysis was
performed by using a fixed-effects model. The difference in depression
scores was not statistically significant (MD = —0.66, 95% CI [—1.78,
0.47], Z = 1.14, p = 0.25) (see Figure 8).

3.5.6 Negative affect

Four studies analyzed whether the WED intervention had an
effect on negative affect in the study population (36, 37, 57, 65). A total
of 394 study participants were included the four studies used different
scales for negative affect, and were analyzed using SMD, with a large
degree of heterogeneity (p < 0.001, I = 96%). The random-effects
model was used for meta-analysis, which showed that the difference
between the negative affect scores in study population before and after
the intervention was not statistically significant (SMD = 0.51, 95% CI
[-0.24,1.27], Z=1.33, p = 0.18) (see Figure 9).

3.6 Publication bias

Publication bias was not assessed because there were fewer
than 10 studies in each of the outcome metrics included in this
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Meta-analysis of the effect of a WED intervention to alleviate anxiety.
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study and the validity of detecting publication bias was limited,
which limited our ability to assess the impact of potential
publication bias. Therefore, we believe that caution should
be maintained in interpreting the results of the study, and future
studies need to incorporate a wider range of literature, including
unpublished studies, to further enhance the robustness and
credibility of the findings.

3.7 Certainty of evidence

We evaluated the body of evidence for the outcome indicators
involved in the study on the level of evidence, and the results are
shown below (Figure 10). This chart shows the credibility of the
evidence for eating disorder symptoms, body dissatisfaction, thin ideal
internalization, anxiety, depression and negative affect, with eight
randomized controlled trials (RCTs) for eating disorder symptoms,
four RCTs each for body dissatisfaction and thin ideal internalization,
two RCTs each for anxiety and depression, and four RCTs for negative
affect. With the exception of negative affect, all of the other studies
show a moderate level of evidence credibility.
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4 Discussion

4.1 Potential mechanisms of WED to
improve eating disorder symptoms

The results of the meta-analysis showed that WED for people with
eating disorders or for those with high risk factors for developing such
disorders significantly improved their eating disorder symptoms,
which is consistent with the results of the Frayne et al. (40). The
potential mechanisms by which written emotional disclosure
interventions improve eating disorder symptoms may involve
inhibitory and cognitive processes. Individuals’ failure to actively talk
about important psychological phenomena can be viewed as a form
of active inhibitory behavior acting on the autonomic and central
nervous system activity, which is chronic low-level stress (67).
Pennebaker et al. (32) showed that WED can help participants to
voluntarily disclose emotional or traumatic experiences, reduces
inhibitory behaviors, thereby alleviating stress. After the release of
stress, individuals experience relief from negative emotions, which
enables them to reassess and understand the negative experiences and
emotions associated with eating disorders (58). This capacity helps to
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FIGURE 9
Meta-analysis about the effect of WED to reduce negative affect.
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reduce the excessive focus on and sense of control over food, thereby
alleviating the symptoms of eating disorders. Thus, WED interventions
can be used as an effective psychotherapeutic modality in the eating
disorder community and across a wide range of populations.

4.2 Impact of WED on body image issues

Meta-analysis results from this study showed that the WED
intervention was able to relieve body dissatisfaction and thin ideal
internalization among eating disorder patients and those with high-risk
factors developing eating disorders, which is similar to the findings of
Stice as well as Rodriguez et al. (68, 69). Melnyk et al. (70) concluded that
eating disorders are associated with body image issues. And, improving
body image issues can play a role in eating regulation (71). This process
may involve emotion and cognition. Research has concluded that WED
provides individuals with access to emotional release and helps them deal
with negative emotions associated with body image (72). Reassessing and
understanding one’s body image by writing about one’s feelings and
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experiences (73). Self-compassionate expressive writing with a body focus
helps people with eating disorders to self-accept and diminish body
dissatisfaction by reducing the pursuit of an ideal body image (61).

Meta-analysis showed the high level of heterogeneity, we conducted
a heterogeneity analysis. We looked for multiple subgroups, but with
unsatisfactory results. After sensitivity analysis, the heterogeneity
disappeared after excluding the two studies that had a large impact on
the results, and therefore these two studies were considered as possible
major sources of heterogeneity. Further analysis revealed that the two
excluded studies were of low quality and lacked some specific
information (e.g., gender and ethnicity) to be used in the analysis of
heterogeneity and could be the source of heterogeneity.

4.3 Role of WED on anxiety, depression,
and the negative affect

The results of the meta-analysis in this study revealed that the
WED intervention had no effect on the levels of anxiety and
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depression, as well as on the negative affect of the study population.
However, research has shown that WED intervention was effective
in reducing levels of anxiety and depression in the eating disorder
population long after the intervention (38). Another result showed
that WED applied to cancer caregivers may improve their adverse
conditions of burden, anxiety, and depression (74). It is evident that
WED is valid in improving conditions such as anxiety and
depression, but the effectiveness may be different due to the
different study populations. This may also be attributed to the
condition of eating disorder disease, which complicates the negative
psychological emotions in this population. Therefore, the role of
WED interventions on anxiety, depression, and negative affect in
eating-disordered populations cannot be concluded with certainty,
more careful consideration is needed.

4.4 Comparative effectiveness of emotional
expression interventions

This meta-analysis has focused on examining the effectiveness of
WED interventions for eating disorders (EDs), with results indicating
that WED has certain effects in alleviating ED symptoms. However,
the realm of emotional expression extends beyond writing, and other
forms of emotional expression interventions, such as verbal therapy
and art therapy, are also worthy of attention. Verbal disclosure, by
providing immediate feedback and interpersonal interaction, may
be more conducive for some individuals to deeply understand and
process their emotions. Empirical studies have provided evidence to
corroborate that verbal disclosure can facilitate emotional expression
and cognitive restructuring, which are crucial for the recovery process
in eating disorders. Several studies (75, 76) have investigated the role
of recovered eating disorder patients as therapists, using verbal self-
disclosure in treatment. Results showed that sharing their insights
helps patients better understand recovery, reduces shame, and
alleviates eating disorder symptoms. This approach effectively
encourages patients to self-disclosure, vyielding positive
therapeutic effects.

Art therapy can enhance an individual’s emotional regulation
capabilities and reduce stress and anxiety, both of which are closely
related to emotional states associated with ED symptoms. A systematic
review conducted by Griffin et al. (77) demonstrated that art therapy
enhances self-esteem and alleviates anxiety in individuals with eating
disorders by fostering self-expression, increasing self-awareness, and
cultivating new perspectives and a sense of pride. Also, the study by
Trably et al. (78) showed that art therapy has the potential to enhance
specific dimensions of individuals with eating disorders: in particular,
music therapy has been shown to significantly alleviate post-meal
anxiety, while dance movement therapy can markedly reduce
body dissatisfaction.

Nevertheless this meta-analysis did not encompass direct
comparisons between these interventions, mainly due to the scarcity
of eligible studies and the heterogeneity in methodologies and
outcome measurements. Consequently, we advocate for future
research to investigate the comparative efficacy of WED against other
emotional expression therapies. This exploration is crucial for
discerning their respective benefits and suitability in ED treatment.
Such analyses would deepen our comprehension of intervention
efficacy and uncover individual propensities and reactions to various
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therapeutic approaches, laying the groundwork for tailored
treatment strategies.

4.5 Future perspectives on WED

The majority of the current research has focused on examining the
effects of WED on females and adolescents in Western Europe, so
future research could focus more on populations of different ages,
genders, geographic areas, and cultural backgrounds. In addition,
changes in the environment in which WED is implemented could
be considered in the future. Currently, most implementation sites are
mainly in laboratories and medical facilities. According to the meta-
analysis by Frattaroli, compared to a controlled laboratory setting,
WED is more effective at home (79). Also, Gripsrud et al. (80) found
in interviews with breast cancer patients that it was easier for them to
complete their writing at home.

The frequency, duration, and setting of WED implementation, as
well as the instructor who delivered the intervention, were not
standardized in the current study. The duration of WED
implementation was 15-30 min in most studies, but a few studies fell
outside this time range. Most studies chose to conduct WED
interventions in the laboratory. The pre-intervention instructors were
mostly researchers, with a few adopting peer instruction. Therefore,
in the future, consideration needs to be given to the development of a
harmonized guideline for clinicians as well as practitioners on the
application of WED in the ED population. This guide could focus on
describing the frequency and duration of writing, detailing the topics
and types of writing, noting the context in which the writing is
implemented, considering the interaction of ED population
characteristics with writing (e.g., gender, age, geographic region, etc.),
and designating the instructor who will implement the intervention.

4.6 Limitations and prospects

Several limitations of this meta-analysis need to be mentioned.
First, the quality of the included 13 studies was low. Most of the
studies only mentioned randomization without elaborating on the
specific methods, and very few of them had reference to allocation
concealment and specific blinding information. This lack of detail may
have some impact on the results of risk of bias assessment. Second, the
majority of the study populations were college students and women,
the baseline level of eating disorder symptoms in these participants
may not be consistent, increasing the risk of selection bias. Third, this
study may exist the risk of publication bias. This may be related to the
fact that the included studies focused on observing groups of women
in Western countries. This limitation is primarily attributed to the
existing focus on female patients within the field of eating disorders
and the geographical scope of the research. Further attention needs to
be paid to individuals from different cultural backgrounds and of
different genders in relevant studies in the future, thereby expanding
the sample size and validating the consistency of WED’s therapeutic
efficacy across various populations. Furthermore, some studies may
have obtained more significant results as they used specific scales.
Several of the outcome indicators were not scored using a uniform
scale, which may have limited our ability to synthesize the results of
the studies. And it may be at potential risk of publication bias.
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Additionally, some of the outcome indicators were highly
heterogeneous and may be associated with sample size, baseline
level of the study population, age, gender, cultural background, and
duration of follow-up. However, the limited information provided
by the included studies resulted in this study not being able to
analyze the sources of heterogeneity in depth. In future studies,
we will pre-define possible subgroups at the study design stage and
include these subgroups (e.g., gender, age, and region) in meta-
analyses, even if some information is missing, and try to obtain data
from other sources or use alternative indicators. We will also
improve the data extraction process, handle missing data more
transparently, and select appropriate statistical methods to better
understand and account for heterogeneity.

Moreover, the absence of direct comparisons between WED
and other emotional expression interventions in our systematic
review and meta-analysis. This is primarily due to the diversity of
included studies and limitations in data availability. Specifically, the
heterogeneity in methodologies, participant characteristics, and
outcome measures across different studies complicate direct
comparisons. Furthermore, the limited number of studies in the
existing literature that directly compare WED with other emotional
expression interventions restricts our ability to conduct a
comprehensive comparison. Therefore, we recommend that future
research should address these limitations to more accurately assess
the impact of various intervention measures on eating
disorder symptoms.

5 Conclusion

The available evidence from this study suggests that WED is
effective in alleviating eating disorder symptoms and body image
problems, but there is inadequate evidence in relieving depression,
anxiety, and negative affect. Hence, future researches on the impact
of WED on depression, anxiety, and negative affect in eating
disordered populations should be appropriately emphasized to
explore its role.
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Background: Weight and body shape concerns have become increasingly
common among adolescents. Chinese university students show a high risk of
eating disorder behaviors. This study aims to analyze the moderating effect of
BMI on the relationships between body shape, attitudes, subjective norms, and
eating disorder behavioral intentions among Chinese female university students
using the Theory of Reasoned Action (TRA) model.

Methods: A stratified random sample of 679 female Chinese university students
(age, mean + SD =19.792 + 1.007) participated in the study. The surveys
comprised the Theory of Reasoned Action Questionnaire (TRA-Q) and the Body
Shape Questionnaire (BS-Q) to assess their body shape concerns and behavioral
intentions regarding eating disorders. Structural equation modeling was used to
test the extended TRA model, with body shape as an additional predictor and
BMI as a moderator.

Results: Body shape positively affected attitudes (f = 0444, p<0.001),
subjective norms (g = 0.506, p < 0.001), and intentions (8 = 0.374, p < 0.001).
BMI significantly moderated the relationships between attitudes (t = —3.012,
p < 0.01), subjective norms (t = —2.678, p < 0.01), and body shapes (t = —4.485,
p < 0.001) toward eating disorder intentions.

Conclusion: Body shape and BMI directly influence eating disorder behavioral
intentions among Chinese female university students. The findings suggest that
young Chinese women'’s eating disorder intentions are increasingly influenced
by external factors related to body shape and BMI.

KEYWORDS

body shape concern, behavioral intention, eating disorders, female university
students, theory of reasoned action
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1 Introduction

Weight and body shape concerns (BSC) are increasingly prevalent
among adolescents, contributing to significant physical and mental
health challenges. These concerns often lead to psychological disorders
such as depression, anxiety, paranoia, and eating disorders such as
anorexia nervosa (AN), while also potentially contributing to obesity
as a separate health condition (1-4). Body shape dissatisfaction can
further result in obesity or malnutrition, negatively impacting self-
esteem and leading to distressing conditions like social anxiety,
phobias, and severe emotional disturbances (5, 6). Recent studies
underscore the alarming prevalence of these issues among Chinese
female university students. A survey of 2,023 participants found that
73.36% had attempted to lose weight, 30.55% were already
underweight, and 57.39% desired to be thinner-indicating a rising
trend of malnourished individuals in this demographic (7, 47). The
high prevalence of eating disorders within this group is particularly
concerning (8).

Media representation, family dynamics, and peer influences play
critical roles in shaping female body image dissatisfaction, often
leading to fears of negative judgment based on weight and BSC (9,
10). In severe cases, these pressures can lead to eating disorders such
as bulimia (11). Across several Asian countries, including China,
Japan, Korea, Taiwan, and Pakistan, high levels of body
dissatisfaction and unhealthy eating attitudes have been
documented, with gender being a significant factor (12). Moreover,
Subjective norm (SN) and behavioral intention (BI) profoundly
influence perceptions of BSC, especially among females, who are
more likely to develop unhealthy eating behaviors in response to
these pressures (13, 14). Previous research has shown that BSC can
influence how individuals perceive and respond to social norms
regarding eating behaviors (15). This relationship is particularly
relevant in Chinese culture, where social pressure regarding body
image can be intensified by personal BSC (16). The TRA suggests
that an individual’s Bls are shaped by their Attitudes (AT) toward the
behavior and the perceived social pressures, or SN, to perform or
avoid that behavior. The TRA model has been extensively used to
predict human BIs in various contexts (17, 18). For instance, studies
have shown that AT and social influences strongly drive
environmental practices (3), job-related attitudes and intentions
(19), and mobile banking adoption (20).

Young female university students, particularly those who are
obese, are highly susceptible to external influences, including media
portrayals and societal standards, which contribute to body
dissatisfaction and the development of eating disorders (6, 21). In
China, the situation is increasingly concerning. Obesity rates
among university students are rising, and many young women are
placing greater importance on their image, often striving for an
unhealthy thin ideal. This preoccupation with BSC, coupled with
external influences such as media portrayals and peer pressure,
significantly increases the risk of developing eating disorders (22,
48). Body mass index (BMI) plays a critical role in this context,
influencing both the perception of body image and the health risks
associated with obesity, including cardiovascular disease (47, 23).
Previous research, including our cross-sectional survey, has
demonstrated a significant positive correlation between BSC and
eating disorder behaviors among Chinese university students, with
gender acting as a moderating factor. Female students, in particular,
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are more vulnerable to external pressures that can lead to the
development of eating disorders (7).

Building on this foundation, the study extends the traditional
TRA model by incorporating BSC as an additional predictor
variable and BMI as a moderating variable, to understand better
BSC influences AT, SN, and BI related to eating disorders among
Chinese female university students. This extension allows us to
examine how BSC directly influence AT, SN, and BI related to
eating disorders.

The research objectives are summarized as follows:

(1) To identify the relationships between body shape concerns and
attitudes, subjective norms, and behavioral intentions on
eating disorders.

(2) To analyze the moderating effect of BMI on these relationships
among Chinese female university students.

2 Conceptual framework and
hypotheses

2.1 Conceptual framework

The TRA model, developed by Feishbein and Ajzen (17), suggests
that an individual’s Bls are influenced by their ATs and SNs. This
model posits that certain beliefs and information shape Bls through
the mediating effects of personal ATs and perceived social pressure
(24, 25). The TRA model has been extensively applied across diverse
studies, such as exploring the impact of self-esteem and body
dissatisfaction on clothing behaviors among Generation men (26),
assessing healthy eating habits (27), examining eating decisions
among female university dieters and non-dieters (28), analyzing
muscle endurance and BMI among university students (29), and
understanding online purchasing intentions for exercise apparel
among overweight and obese adults (30).

Despite its widespread application, there has been limited research
on the applicability of the TRA model to BSC and their influence on
eating disorder Bls. This study addresses this gap by extending the
TRA model to analyze the moderating effects of BMI on the
relationships between BSC, AT, SN, and BI among Chinese female
university students. The proposed research design integrates BSC into
the extended TRA model to better understand how variations in BSC
impact these relationships (see Figure 1).

2.2 Hypotheses
The research hypotheses are as follows:
HI: Body shape concerns positively affects attitudes.
H2: Body shape concerns positively affects subjective norms.
H3: Attitudes positively affect behavioral intentions.

H4: Subjective norms positively affect behavioral intentions.

H5: Body shape concerns positively affects behavioral intentions.
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FIGURE 1
Conceptual framework.

H6 (a-e): BMI had a significant effect as a moderator variable on
the relationship between body shape concerns, attitude, subjective
norms, and behavioral intentions.

3 Methods
3.1 Participants

A random sample of 687 female university students was collected
from April 20th to May 20th, 2024, at the Nanjing Institute of
Technology. The participants’ ages as a continuous variable from 18 to
24 years (M =19.792, SD =1.007). After excluding 8 incomplete
responses (1.16%), a final sample of 679 participants was analyzed.
Data collection was conducted online from January 1st to April 1st,
2024. The participants’ ages were determined from questionnaire
responses. Using G*Power 3.1 software, the required sample size was
calculated to be 541, with an effect size (f*) of 0.05, an alpha error
probability (a) of 0.05, and a power (1-f) of 0.99. This aligns with
similar studies, such as Yang et al. (31) and Dubey and Sahu (32),
which used comparable sample sizes. The study was approved by the
university ethics committee. All participants were fully informed of
the purpose, process, and potential risks of the study before
participation and signed an informed consent form. Data collection
was conducted after obtaining written consent from the participants.

3.2 Measures

3.2.1 The TRA-Q

The TRA-Q has been used to prove a validated tool and used for
evaluating BI on eating disorders (33). It consists of 23 items
subdivided into 3 subscales attitudes (5 items), subjective norms (8
items), and behavioral intention (10 items) (33, 34). Participants used
a 7-point Likert scale from 1 to 7, which were 1 (Strongly Disagree), 2
(Disagree), 3 (Somewhat Disagree), 4 (Neutral), 5 (Somewhat Agree),
6 (Agree), and 7 (Strongly Agree). The study adopted the Chinese
version of the Theory of Reasoned Action Questionnaire (TRA-Q)
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parts of the theory of planned behavior model (33, 34). This tool has
high criterion-related validity and internal consistency (a = 0.93)
validated for the Chinese population (33, 34).

3.2.2 The BS-Q

The BS-Q has been used to prove a validated tool and used for
evaluating BSC (35). It consists of 8 items, and the questionnaire
adopted a 6-point Likert scale from 1 to 6 (Rarely, Sometimes, Often,
Usually, and Always) (8, 35). Its scores range from 8 to 48, and a score
less than 19 indicates no concern with shape, 19 to 25 indicates mild
concern with shape, 26 to 33 indicates moderate concern with shape,
and over 33 indicates marked concern with shape (35). The study
adopted a Chinese version of the Body Shape Questionnaire (BS-Q)
(8, 35). The questionnaire demonstrated high reliability, with a
coefficient of 0.94, and it has been validated for the Chinese population
(7, 8, 35, 36).

3.3 Statistical analysis

The data were analyzed using SPSS version 24.0 statistical
software, incorporating descriptive statistics, Pearson correlation
analysis, path analysis, and moderation analysis. Structural equation
modeling was conducted using SPSS PROCESS, employing maximum
likelihood estimation. Model fit was assessed using multiple indices
including CFI, TLI, RMSEA, and SRMR. The measurement model was
evaluated before testing the structural model, following standard
two-step structural equation modeling procedures. Descriptive
statistics were used to calculate frequencies, percentages, and
chi-squared tests for categorical variables, as well as t-tests for
continuous variables. Pearson correlation analysis examined the
relationships between all variables. Path analysis was employed to test
hypotheses 1 through 5, while moderation analysis assessed the
moderating role of BMI in the relationships between body shape
concerns, attitudes, subjective norms, and behavioral intentions
(hypothesis 6). All questionnaires used were validated Chinese
versions from previous studies, ensuring consistency and cultural
relevance in data collection.
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4 Results
4.1 Demographic characteristics

This study involved 679 female university students from the Nanjing
Institute of Technology in Nanjing, China. The average age of the
participants was 19.792 years (SD = 1.007), with ages ranging from 18 to
24 years. Most students had a normal BMI (n = 493, 72.61%), while 82
students (12.08%) were classified as overweight. Three students (0.44%)
and 101 students (14.87%) were
considered underweight. Additional demographic details are provided

were identified as obese,

in Table 1.

4.2 Descriptive statistics

Table 2 shows demographic characteristics and descriptive
statistics. The chi-squared test will be used to analyze four groups of
BSC categorical variables, purposing further to confirm whether has
a statistically significant difference in the demographic characteristics.
Its result reported that BMI (y2 =72.548, p =0.001 <0.01) and
parents’ educational status (> = 35.917, p = 0.001 < 0.01) with BSC
showed significant differences (p <0.05). Other’s ages, family
incomes, and parent’s marital status did not significantly difference
(p > 0.05). All participants of average age with no concern with shape
(NO-CS), mild concern with shape (MI-CS), moderate concern with

TABLE 1 Demographic characteristics.

10.3389/fnut.2024.1501536

shape (MO-CS), and marked concern with shape (MA-CS)
respectively are 19.838 yrs. (1.054), 19.866 yrs. (1.012), 19.838 yrs.
(1.015), and 19.882 yrs. (0.907). Due to differences in BMI and
parents’ educational status, we divided the BMI into different level
groups, namely underweight (< 18.5 kg/m?), normal (18.5-24.9 kg/
m?), overweight (25.0-29.9 kg/m?), and obesity (>29.9 kg/m?), and
the parents’ educational status into different level groups, namely
elementary school, secondary school, high school, and bachelor and
above. According to the significant difference analyses, we further
determine if age, BMI, parents’ educational status, family income, and
parent’s marital status had significant differences from all variables.
We used the different groups of BMI as continuous variables
for analysis.

4.3 Reliability and validity

Table 3 demonstrates that all data underwent reliability and
validity checks using factor loading, CR values, AVE values,
Cronbach’s alpha, and KMO values. All items showed factor loadings
above 0.6, CR values exceeding 0.80, AVE values above 0.45,
Cronbach’s alpha values over 0.80, and KMO values surpassing 0.70.
The AVE values being greater than 0.45 indicate suitable convergent
validity, meaning that each construct's measurement items can
explain more than 45% of the total variance. Although AVE values
ideally should be above 0.50 (37), AVE values above 0.45 are

ltems Categories All Participants (n) %
18 yrs. 55 8.10
19 yrs. 186 27.39
20 yrs. 298 43.89
Age 21 yrs. 107 15.76
22 yrs. 23 3.39
23 yrs. 7 1.03
24 yrs. 3 0.44
Average age 19.792 + 1.007
Underweight 101 14.87
Normal 493 72.61
BMI
Overweight 82 12.08
Obesity 3 0.44
Elementary School 129 19.00
Secondary School 242 35.64
Parents’ educational status
High School 156 22.97
Bachelor and above 152 22.39
Low 307 45.21
Family income Average 316 46.54
Good 56 8.25
Married 626 92.19
Parents’ marital status
Divorced/Widowed 53 7.81

BMI is body mass index; Underweight is < 18.5 kg/m? Normal is 18.5-24.9 kg/m? Overweight is 25.0-29.9 kg/m? Obesity is > 29.9 kg/m?* Low is below 16,443 RMB/year; Average is between

16,443 and 41,172 RMB/year; Good is above 41,172 RMB/year; ** p < 0.01.
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TABLE 2 Descriptive statistics of the BS-Q scores.

10.3389/fnut.2024.1501536

Categories Body shape questionnaire
MI-CS MO-CS
n (%) n (%)
Age
18 yrs. 14 (7.87) 21 (8.50) 17 (9.14) 3 (4.41)
19 yrs. 53 (29.78) 66 (26.72) 47 (25.27) 20 (29.41)
20 yrs. 80 (44.94) 113 (45.75) 75 (40.32) 30 (44.12)
21 yrs. 22 (12.36) 33(13.36) 40 (21.51) 12 (17.65) 19.725 0.348
22 yrs. 5(2.81) 10 (4.05) 5(2.69) 3 (4.41)
23 yrs. 4(2.25) 1 (0.40) 2(1.08) 0
24 yrs. 0 3(1.21) 0 0
Average Age 19.838 £ 1.054 19.866 = 1.012 19.838 £ 1.015 19.882 + 0.907 - -
BMI
Underweight 51 (28.65) 32 (12.96) 10 (5.38) 8(11.76)
Normal 113 (63.48) 195 (78.95) 145 (77.96) 40 (58.82)
72.548 0.001%*
Overweight 14 (7.87) 20 (8.10) 30(16.13) 18 (26.47)
Obesity 0 0 1(0.54) 2(2.94)
Parents’ educational status
Elementary School 36 (20.22) 55(22.27) 30 (16.13) 8 (11.76)
Secondary School 51 (28.65) 114 (46.15) 59 (31.72) 18 (26.47)
35917 0.001**
High School 44 (24.72) 38 (15.38) 54 (29.03) 20 (29.41)
Bachelor and above 47 (26.40) 40 (16.19) 43 (23.12) 22(32.35)
Family income
Low 82 (46.07) 97 (39.27) 94 (50.54) 34 (50.00)
Average 86 (48.31) 124 (50.20) 78 (41.94) 28 (41.18) 8.760 0.188
Good 10 (5.62) 26 (10.53) 14 (7.53) 6(8.82)
Parents’ marital status
Married 169 (94.94) 228 (92.31) 164 (88.17) 65 (95.59)
7.144 0.067
Divorced/Widowed 9 (5.06) 19 (7.69) 22(11.83) 3 (4.41)

BMI is body mass index; NO-CS is no concern with shape; MI-CS is mild concern with shape; MO-CS is moderate concern with shape; MA-CS is marked concern with shape; Underweight
is < 18.5 kg/m? Normal is 18.5-24.9 kg/m? Overweight is 25.0-29.9 kg/m? Obesity is > 29.9 kg/m? Low is below 16,443 RMB/year; Average is between 16,443 and 41,172 RMB/year; Good is

above 41,172 RMB/year; **p < 0.01.

acceptable when the CR value exceeds 0.80 (38, 39). This suggests
high consistency and shared variance among the constructs
measurement items. Consequently, the results indicate that all
questionnaire items and structures are reliable and valid for Chinese
female university students.

Table 4 shows the discriminant validity and correlations. The
AVE square root value of BSC is greater than the maximum absolute
value of the inter-factor correlation coefficient (0.802 > 0.590),
indicating that BSC has good discriminant validity. The AVE square
root value of AT is greater than the maximum absolute value of the
inter-factor correlation coefficient (0.703 > 0.475), indicating that
AT has good discriminant validity. The AVE square root value of SN
is greater than the maximum absolute value of the inter-factor
correlation coefficient (0.679 > 0.591), indicating that SN has good
discriminant validity. The AVE square root value of BI is greater
than the maximum absolute value of the inter-factor correlation
coefficient (0.683 > 0.591), indicating that BI also has good
discriminant validity.
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4.4 Correlation of all variables

Table 5 reports the Pearson correlation coefficients. The results that
BI with AT (r = 0.410, p = 0.001 < 0.05), SN (r = 0.591, p = 0.001 < 0.05),
BMI (r=0.129, p=0.001<0.05), and parents’ educational status
(r=0.129, p = 0.003 < 0.05) were all significant, indicating that BI with
AT, SN, BMJ, and parents” educational status were positively correlated.
BI with age (r=0.039, p =0.308 > 0.05), family Income (r = —0.006,
p=0.872>0.05), and parents’ marital status (r = 0.058, p = 0.129 > 0.05)
were not significant, indicating that they were not correlated. BSC with
AT (r=0.444, p=0.001 < 0.05), SN (r =0.506, p = 0.001 < 0.05), IN
(r=0.590, p = 0.001 < 0.05), and BMI (r = 0.247, p = 0.001 < 0.05) were
all significant, indicating that BSC was positively correlated with AT, SN,
BL, and BML In addition, BSC with age (r=0.031, p = 0.417 > 0.05),
parents’ educational status (r = 0.060, p = 0.119 > 0.05), family Income
(r=-0.005, p=0.900 > 0.05), and parents’ marital status (r=0.039,
p=0.311>0.05) did not show significance, indicating that they were
not correlated.
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TABLE 3 Reliability and validity.

10.3389/fnut.2024.1501536

Variables ltems Factor loading CR AVE Cronbach « KMO
BS1 0.711
BS2 0.804
BS3 0.854
BS4 0.833
BSC 0.935 0.643 0.934 0.922
BS5 0.871
BS6 0.851
BS7 0.853
BSS 0.844
AT1 0.796
AT2 0.777
AT AT3 0.765 0.830 0.494 0.829 0.788
AT4 0.800
ATS 0715
SN1 0.618
SN2 0.795
SN3 0.687
SN4 0.734
SN 0.871 0.461 0.868 0.879
SN5 0.778
SN6 0.655
SN7 0.825
SN8 0.676
BI1 0.744
B2 0.749
BI3 0.781
Bl4 0.695
BI5 0.776
BI 0.897 0.466 0.894 0.849
BI6 0.637
BI7 0.673
BI8 0.770
BI9 0.656
BI10 0.702

1 = 3647.704; df = 428; PGFI = 0.605; CR is construct reliability; AVE is average variance extracted; KMO is Kaiser-Meyer-Olkin.

TABLE 4 Discriminant validity and correlations.

Variables 1 2 3 4
1.BS 0.802

2. AT 0.444 0.703

35N 0.506 0.475 0.679

4.BI 0.590 0.410 0.591 0.683

Diagonal bold is the average variance extracted (AVE); the diagonal bottom is the square

value of the correlation coefficient.

4.5 Hypotheses result from H1 to HS

Table 6 presents the hypotheses of the results through the Path
analysis, revealing that BSC positively affect ATs (f=0.444,

Frontiers in Nutrition

CR=12.914, p=0.001 <0.01) and SNs (f=0.506, CR=15.273,
p =0.001 < 0.01) among Chinese female university students, thus the
Hypotheses 1 and Hypotheses 2 results were supported. Moreover,
ATs (#=0.070, CR=2.225, p=0.026<0.05), SNs (f=0.372,
CR=11.378, p=0.001 <0.01), and BSC (f =0.374, CR =10.526,
p=0.001<0.01) all positively affect BI among Chinese female
university students, so the Hypotheses 3, Hypotheses 4, and
Hypotheses 5 results also were supported.

4.6 Hypothesis result of H6

Table 7 shows different BMI groups as a moderation analysis
between BSC, AT, SN, and BI. Different BMI groups had no significant
effect as a moderator variable on the relationship between BSC toward

o1 frontiersin.org
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TABLE 5 Pearson correlation analysis.

10.3389/fnut.2024.1501536

Variables 1 2 3 4 5 () 7 8 9
r 1
1. BSC
p -
r 0.444%* 1
2. AT
p 0.001 -
r 0.506%* 0.475%* 1
3.SN
P 0.001 0.001 -
r 0.590%* 0.410%* 0.591%* 1
4. BI
P 0.001 0.001 0.001 -
r 0.031 —0.112%% —0.056 0.039 1
5. Age
P 0.417 0.004 0.144 0.308 -
r 0.247%% 0.089% 0.121%* 0.129%* —0.084* 1
6. BMI
P 0.001 0.020 0.002 0.001 0.028 -
7. Parents’ r 0.060 0.085* 0.061 0.129%* —0.184%* 0.043 1
educational status P 0.119 0.026 0.109 0.003 0.001 0.260 -
r —0.005 0.001 —0.102%* —0.006 —0.045 0.075 —0.028 1
8. Family income
P 0.900 0.976 0.008 0.872 0.239 0.051 0.460 -
9. Parents’ marital r 0.039 0.044 0.101 0.058 —0.148% 0.031 0.043 —0.169%% 1
status 4 0.311 0.256 0.009%* 0.129 0.001 0.421 0.261 0.001 -

**p<0.01.

TABLE 6 Path analysis.

Hypothesis Relationship Path Coeff. Results
H1 BSC — AT 0.444 0.040 12,914 0.001%* Supported
H2 BSC - SN 0.506 0.031 15.273 0.001%* Supported
H3 AT - BI 0.070 0.027 2225 0.026* Supported
H4 SN - BI 0.372 0.034 11.378 0.001%* Supported
H5 BSC - BI 0.374 0.034 10.526 0.001%* Supported

#p <0.05; #¥p < 0.01.

TABLE 7 Moderation analysis.

Hypothesis Relationship BMI Results
t-values

Héa BSC - AT —0.085 0.065 -1.318 0.188 —0.045 Not Supported
He6b BSC - SN —0.092 0.050 —1.838 0.066 —0.061 Not Supported
Héc AT - IN —1.143 0.047 -3.012 0.003%* —0.106 Supported
Hed SN - IN —0.142 0.053 —2.678 0.008%* —0.083 Supported
Hée BSC — IN —0.219 0.049 —4.485 0.001%* —0.138 Supported

#p <0.05 **p < 0.01.

AT (t=-1318, p=0188>005), and SN (t=-1838 5 Discussion

p=0.066 >0.05), indirect that different BMI groups no effect.

However, different BMI groups had a significant effect as a moderator
variable on the relationship between AT (¢ = —3.012, p = 0.003 < 0.01),
SN (t=-2.678, p=0008<001), and BSC (t=-4.485,
p =0.001 < 0.01) toward the BIL. Therefore, different BMI groups have
significant moderating effects from AT, SN, and BSC to BL
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This study investigated the relationship between BSCs and BI toward
eating disorders among Chinese female university students using the
extended TRA model, with a specific focus on the moderating role of
BMLI. The results reveal several key findings: (1) Impact of BSCs: BSCs
positively influence ATs, SN, and Bls related to eating disorders among
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Chinese female university students; (2) Role of ATs and SNs: Both ATs
and SNs are positively associated with Bls in this demographic; (3)
Moderating Effect of BMI: BMI significantly moderates the relationships
between BSCs, ATs, SNs, and Bls. Additionally, the study found
significant correlations between age, parents’ educational status, family
income, and parents’ marital status with BSC, AT, SN, and BL

These findings align with prior research indicating that BMI and
BSCs are significant risk factors for eating disorders globally (2, 4, 7,
8, 11, 40). However, our findings also extend previous knowledge by
emphasizing the moderating role of BMI in these relationships,
highlighting nuanced interactions between BSCs and BIs. In China,
the prevalence of eating disorder behaviors is notably high across
different BMI categories, with detrimental effects on both physical and
mental health (7, 8). These results corroborate earlier studies
suggesting that BSCs increase the risk of eating disorders and
associated conditions, such as cardiovascular disease (23) and mental
health issues (3, 4, 11).

The study also supports the notion that high BSC is associated
with various eating disorders, including binge eating disorder, bulimia,
and anorexia (47, 21). For instance, individuals with low weight status
driven by BSCs may develop anorexia (11, 47, 9, 10), while those in
the obesity range may experience heightened appearance anxiety and
social anxiety disorders (1, 3, 41, 42). Importantly, our study highlights
the differential impacts of BS across BMI levels, reinforcing the need
for tailored intervention strategies that consider BMI-specific
dynamics in addressing disordered eating intentions.

The study underscores the interconnectedness of BSC, AT, SN,
and BI regarding eating disorders. Individual differences were evident
across BMI categories, parental educational levels, and family income
groups of young female university students in China (7, 8). For
instance, students from families with higher educational backgrounds
showed different patterns of BSCs compared to those from less
educated families (3, 8, 19). Similarly, family income levels appeared
to moderate the relationship between BSCs and eating disorder
intentions, though these effects varied considerably among individuals
(8). However, the strength and nature of these relationships showed
considerable individual variation, particularly across different BMI
categories (7). Students with higher BMI demonstrated distinct
patterns of BSCs and BIs compared to those with lower BMI,
suggesting the need for tailored intervention approaches (7, 43).

Notably, this study addresses a gap in the literature, as there is
limited research applying the extended TRA model to analyze BSC in
predicting eating disorder BIs (17). Previous studies have primarily
examined the general applicability of the TRA model, whereas our
study provides a more targeted extension by incorporating BSC and
BMI-specific moderating effects. Research has demonstrated that
personal Bls significantly influence ATs, and that personal Bls and SNs
are correlated (3, 19, 20, 44, 45). In China, the growing concern among
young females about BSC is well-documented (47), and BMI
exacerbates the thin ideal, impacting physical health (47). Conversely,
high BMI or obesity is linked to an increased risk of cardiovascular
disease (23) and mental health disorders (8, 46).

This study does have limitations. While our sample included
students from various backgrounds, the homogeneity of the university
setting may not fully capture the range of individual differences present
in the broader population. The analysis of individual variations was
limited by the focus on BMI as the primary moderating variable,
potentially overlooking other important personal characteristics that
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could influence eating disorder behaviors. The reliance on self-reported
data from Chinese female university students introduces potential bias
and inaccuracies due to recall and self-reporting issues. Individual
differences in self-perception and reporting accuracy could affect the
reliability of the measurements. Future research should aim to expand
the sample size and include a more diverse population to enhance
representativeness and reliability. Moreover, integrating objective
measures such as biomarkers or physiological data could provide more
robust insights into the mechanisms driving these relationships. Despite
these limitations, the study offers valuable insights into the relationship
between BSC and eating disorder BIs, highlighting the need for targeted
interventions. Future research should not only explore a broader range
of individual differences and psychological factors such as media
influences, self-esteem, personality traits, cultural background, and stress
but also adopt longitudinal designs to uncover causal pathways and
temporal dynamics of these associations.

6 Conclusion

The study underscores the interconnectedness of BSC, AT, SN,
and BI regarding eating disorders. The findings highlight significant
individual variations in these relationships, suggesting that one-size-
fits-all approaches to eating disorder prevention may be insufficient.
The findings contribute to the existing literature by highlighting the
moderating role of BMI in these relationships, offering a more
nuanced understanding of the factors influencing eating disorder
intentions. The distinct impacts observed across different individual
characteristics underscore the importance of personalized
intervention strategies. Future research and clinical practice should
consider these individual differences when developing prevention and
treatment programs. For young female university students in China,
BSC significantly influences their AT, SN, and BI. Furthermore, the
distinct impacts of BMI underscore the importance of personalized
intervention strategies tailored to individuals with varying BMI levels.
Future research should explore additional variables and control
factors to develop comprehensive prevention and treatment strategies,
ultimately contributing to the improved mental and physical health
of various demographic groups. By extending the TRA model to
include BSC and BM]I, this study provides a valuable framework for
future investigations into eating disorders and related interventions,
while emphasizing the need to account for individual variations in

risk factors and treatment responses.
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Background: Orthorexia nervosa refers to an unhealthy preoccupation with
maintaining a perfect diet, which is marked by highly restrictive eating habits,
rigid food rituals, and the avoidance of foods perceived as unhealthy or impure.
Inrecentyears, the Orthorexia Nervosa Inventory (ONI) has gained recognition as
a promising tool for assessing orthorexia tendencies and behaviors, addressing
the limitations of existing ON-specific measures. This study aimed to evaluate
the psychometric properties of the Chinese version of the ONI.

Methods: A total of 717 participants (Mage = 20.11 years, 78.66% female)
completed the Orthorexia Nervosa Inventory (ONI) alongside the Chinese
version of the Dusseldorf Orthorexia Scale (C-DOS). The ONI was translated
into Chinese using the Brislin traditional translation model, following formal
authorization from the original author. This translation process included literal
translation, back translation, and cultural adaptation to ensure both linguistic
and contextual fidelity. Item analysis was employed to assess item differentiation.
Scale reliability was determined by measuring internal consistency. Furthermore,
exploratory and confirmatory factor analyses were conducted to investigate and
confirm the underlying factor structure and overall validity of the scale.

Results: The Chinese version of the Orthorexia Nervosa Inventory (ONI) consists
of 24 items across three dimensions. The overall Cronbach'’s alpha coefficient for
the scale was 0.956, indicating excellent internal consistency. The Cronbach’s
alpha coefficients for the individual dimensions were 0.894, 0.933, and 0.848,
respectively, demonstrating high reliability for each dimension. Additionally,
McDonald's @ was 0.957 for the entire scale, reflecting strong stability in internal
consistency, with individual dimensions having McDonald's o coefficients of
0.895, 0.934, and 0.854. The Spearman-Brown split-half reliability coefficient
was 0.931, and McDonald's o for the split-half reliability was also 0.931,
indicating excellent consistency across the scale’s two halves. The test—retest
reliability was 0.987, with a 95% confidence interval ranging from 0.978 to 0.993,
suggesting excellent stability over time and strong consistency across different
measurement points. Allmodel fit indices fell within acceptable ranges, affirming
the structural validity of the Chinese version. The results from both exploratory
and confirmatory factor analyses further supported this conclusion.

Conclusion: This study successfully translated and culturally adapted the ONI
into Chinese, followed by a comprehensive evaluation of its psychometric
properties. The findings demonstrate that the Chinese version of the ONI
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possesses strong reliability and validity. In the context of varying cultural
backgrounds and dietary habits, this scale serves as a valid tool for assessing
and screening the Chinese ON population.

KEYWORDS

orthorexia, psychometric properties, eating disorders, factor analysis, scale

1 Introduction

Orthorexia is originated from Greek ortho created by Bratman (1)
and means correct appetite (2). Orthorexia Nervosa (ON) is an eating
disorder which describes people engaging in extreme diet patterns for
health, the main characteristics are the compulsive thinking and
obsessive behavior for “healthy food” During a 2022 consensus
meeting attended by 47 eating disorders experts from 14 different
countries, Orthorexia Nervosa (ON) was classified as a mental health
disorder that is closely aligned with the DSM-5 category of ‘Feeding
and Eating Disorders’ (F&ED) (3). The excessive focus on food quality
and pursuit of “purity of food” may lead to the development of certain
forms of eating disorders with harmful and counter-productive result.
Studies find that ON may lead to some adverse outcomes like
malnutrition and/or social dysfunction (1). Dieters with ON may
experience nutritional deficiency result from ignoring the diversity of
food groups, long term dietary restriction develop symptoms similar
to severe anorexia such as osteopenia, anemia, hyponatremia,
metabolic acidosis, pancytopenia, testosterone deficiency, and
bradycardia (4, 5).

At present, ON has no widely accepted official definition and is
not listed in official ICD-11 or DSM-V (2). Though, therere amount
of diagnostic criteria for ON have been proposed (3), most of them
are criticized by researchers or have not been verified. As a result,
there’s no standardized diagnostic criteria and treatment regime. The
diagnostic criteria, classification, and underlying mechanisms of ON
are still under discussion. At present, the possible treatment for ON is
based on MTD model consisted of pharmacy, cognitive behavioral
and nutritional intervention (5-7). In order to find reliable diagnostic
criteria, researchers have developed many tools for ON measurement
or diagnosis. For example, Orthorexia Self-Test (BOT) developed by
Bratman and Knight (8) is widely used to diagnose ON, however, it’s
criticized for the invalid psychometric characteristics. ORTO-15 was
designed by Donini et al. (9) and translated into multiple language
version (10-12) as a diagnostic tool for ON, while it was questioned
for limitation like no clear validation of the tool, no standardization
methods, and an excessive percentage of ON; Eating Habits
Questionnaire (EHQ) developed by Gravers (13), though with high
integrity, there’s controversy for its factor structure. Other scales are
not widely applied yet, the quality and the validity need verification.
On the other hand, content most of scales focus on knowledge,
behaviors or emotions, however, physical impairments caused by ON
are ignored, which are very important for clinic.

Orthorexia Nervosa Inventory (ONI) is developed by Oberle et al.
(14) in 2020 which is a self-report questionnaire consisted of three
dimensions: behaviors and preoccupation with healthy eating; physical
and psychosocial impairments; and emotional distress, with a total of
24 items. The initial study reported the strong internal consistency
level (total Cronbach a = 0.94, subscale Cronbach a > 0.86) and retest
reliability (r > 0.86). What's more, ONI is the first tool to assess physical
impairment by ON, which had proved to be key factors of ON (14).
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At present, the validity of the English version of ONI has been
verified, but it has not been translated into Chinese version and
applied to Chinese patients. Therefore, the purpose of this study is to
translate the English version of ONI into Chinese and to examine the
psychometric properties of the Chinese version of the ONI. By
investigating its reliability, factor structure, and validity. Meanwhile In
order to evaluate the criterion validity of the ONI, the Chinese version
of the 10-item Diisseldorf Orthorexia Scale (C-DOS) was employed.

2 Methods
2.1 Original ONI

The ONI (14) is a self-report instrument comprising 24 items,
designed to assess three latent dimensions: behaviors and fixation on
healthy eating, physical and psychosocial impairments, and emotional
distress. Respondents rate each item on a 4-point scale, where 1 indicates
‘not at all’ and 4 indicates ‘very ‘ Scale scores are derived by summing the
items corresponding to each dimension, and an overall score is calculated
by summing all item scores. The total score ranges from 24 to 96, with
higher scores reflecting more pronounced orthorexia symptomatology.

2.2 Translation and culture adaption

After obtaining permission from the original authors of the
Orthorexia Nervosa Inventory (ONI) to translate and contextually
modify the questionnaire, we carefully adhered to prescribed
guidelines throughout the process. A comprehensive forward- and
back-translation process was employed to ensure accuracy and
cultural relevance. The translation and cross-cultural adaptation were
rigorously executed in strict accordance with the Brislin translation
model, culminating in the creation of a Chinese version of the ONI
(15, 16). The specific procedure involved several detailed steps.

2.2.1 Forward translation

The original English version of the scale was independently
translated into Chinese by two bilingual researchers on our team, both
of whom are native Chinese speakers. These initial translations,
labeled T1 and T2, were carefully reviewed and compared by the
research team. Through in-depth discussions, any discrepancies were
resolved, leading to the integration of these versions into a preliminary
draft, designated as T3.

2.2.2 Back translation

To ensure the accuracy of the translation, T3 was independently
back-translated into English by two bilingual native English speakers who
were unfamiliar with the original scale. These back-translations, referred
to as E1 and E2, were synthesized into a single English version, ET3. This
version was then sent to the original authors of the scale for feedback.
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Based on their input and further deliberations within the research team,
the first finalized Chinese version, labeled C1, was produced.

2.2.3 Cross-culture validation

In October 2023, the Chinese version C1 underwent a rigorous
cultural adaptation process utilizing the Delphi method. A panel of seven
experts in eating disorders—each holding an associate senior professional
title, a master’s degree or higher, and over 15 years of professional
experience—was convened. These experts evaluated the context, cultural
relevance, and linguistic expression of the C1 items based on their clinical
experience and theoretical knowledge, while also referencing the original
scale. Following their review, the research team made the necessary
adjustments to the questionnaire based on the experts’ feedback, resulting
in the development of the revised Chinese version, C2.

2.3 Participants

Data for this study were gathered through an online questionnaire
administered between March and May 2024. To guarantee the
dependability of the analysis outcomes, the sample size for Exploratory
Factor Analysis (EFA) should include a minimum of 120 cases, while
Confirmatory Factor Analysis (CFA) requires at least 200 cases. This
recommendation follows the guideline that the sample size should
be 5-10 times greater than the number of variables (17). And considering
a sample loss rate of 20% (18), the total sample size should be at least 384.

After receiving a detailed explanation of the study’s objectives and
procedures, participants provided informed consent before voluntarily
completing the survey. Importantly, no incentives were offered,
ensuring genuine participation. The introductory page of the
questionnaire provided a thorough overview of the study, explicitly
informing respondents of their right to withdraw at any point by
choosing not to submit their responses. Each survey session was
designed to be brief, lasting approximately 10 min, with strict measures
taken to guarantee complete anonymity; no personally identifiable
information was collected. The study targeted adults who met specific
criteria: participants were required to be of legal age (18 years or older),
native speakers of Mandarin Chinese, and willing to provide informed
consent. Those with visual or cognitive impairments that hindered
their ability to complete the survey were excluded from the study.

2.4 Statistical software

For data entry and analysis, SPSS version 25.0, JAMOVT 2.3.28
and AMOS version 23.0 were utilized. Before the data analysis,
we manually deleted the incomplete data.

2.5 Reliability analysis

Reliability serves as a key indicator of the accuracy and consistency
of a measurement instrument in capturing the true characteristics of
the variables being measured. It reflects the extent to which the
measurement tool consistently produces stable and dependable results
over repeated trials. In essence, high reliability indicates that the
instrument reliably measures the intended variables with minimal
error, ensuring that the observed results are a true representation of
the measured object or variable. The greater the consistency in test
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outcomes, the lower the measurement error, and consequently, the
higher the reliability of the instrument (19).

2.5.1 Cronbach’s alpha

Cronbach’s alpha coefficient was computed to evaluate the internal
consistency of the scale. A value of @ > 0.70 was considered acceptable
for demonstrating reliability, indicating that the items within each
dimension were sufficiently correlated (20).

2.5.2 Omega coefficient

In addition to Cronbach’s alpha, the omega coefficient was
calculated to provide a more accurate assessment of internal
consistency. The omega coeflicient is particularly useful when the scale
is multidimensional, as it accounts for inter-dimensional variability.

2.5.3 Standard error of measurement (SEM)

The Standard Error of Measurement (SEM) was calculated to
estimate the precision of the scale’s scores. SEM reflects the amount of
error in measurement and was calculated using the formula:
SEM = 61 — a, where o is the standard deviation of scores and « is the
Cronbach’s alpha coefficient. Lower SEM values indicate greater
precision and reliability of the scale.

2.5.4 Split-half reliability

Split-half reliability was used to assess the internal consistency of the
scale by dividing the items into two equal halves and comparing the
scores from each half. The Spearman-Brown prophecy formula was
applied to adjust for the fact that the split version uses only half the items,
providing a reliability estimate for the full scale. A split-half reliability
coefficient greater than 0.70 indicates good internal consistency.

2.5.5 Test—retest reliability

Test-retest reliability of the scale was calculated using the intraclass
correlation coefficient. To examine the stability of the scale over time, a
test—retest reliability analysis was conducted. A subset of participants
completed the scale twice, with a 2-week interval between
administrations. The Pearson correlation coefficient was used to assess
the strength of the relationship between the two sets of scores. A
correlation greater than 0.70 was considered indicative of good stability.

2.6 Validity analysis

Several methods were employed to assess the validity of the
adapted scale, ensuring that it accurately measures the intended
construct and can discriminate between relevant groups.

2.6.1 Independent samples t-test

To assess the discriminant validity, an Independent Samples t-Test
was performed to compare scores between groups with different levels
of the target construct. Significant differences (p < 0.05) would provide
evidence for the scale’s ability to discriminate between relevant groups.

2.6.2 Criterion validity

In order to evaluate the criterion validity of the ONI, the C-DOS
was employed (21). The C-DOS demonstrated good internal
consistency, with an ordinal alpha of 0.80, and solid test-retest
reliability, with a coeflicient of 0.77. The scale items are rated on a
4-point scale, ranging from 1 (“this does not apply to me”) to 4 (“this
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applies to me”), yielding total scores ranging from 10 to 40. Higher
scores indicate more severe orthorexia symptoms.

2.6.3 Exploratory factor analysis (EFA)

Exploratory Factor Analysis (EFA) was performed to explore the
underlying structure of the scale. This analysis helped identify the
number of factors and the items that loaded onto each factor. Principal
Axis Factoring (PAF) was used for factor extraction.

2.6.4 Confirmatory factor analysis (CFA)

This study employed Confirmatory Factor Analysis (CFA) to
examine the factor structure of the scale and to validate the model
proposed by the Exploratory Factor Analysis (EFA). CFA is a
structural equation modeling (SEM) technique used to assess the fit
between the data and a theoretical model. By using CFA, the construct
validity of the scale was tested, the relationships between latent
variables and observed variables were clarified, and the overall model
fit indices y?/df, RMR, CFI, RMSEA, GFI, AGFI were evaluated.

2.7 ltem analysis

Item analysis was conducted to evaluate the performance of
individual items within the scale and to identify problematic items
that may need modification (27).

2.7.1 ltem-total correlation

Item-total correlation was calculated to assess the relationship
between each item and the total scale score, excluding the item itself.
Items with a correlation greater than 0.30 were considered to
contribute well to the overall scale, while items with lower correlations
were flagged for potential revision.

2.7.2 Item response theory (IRT)

Graded Response Model (GRM) is employed to conduct Item
Characteristic Curve (ICC) analyses for each item of the scale, aiming
to evaluate the applicability and discrimination of each rating category
across varying ability levels.

3 Results
3.1 Demographics

In this study, 720 questionnaires were distributed, and 717 were
successfully retrieved, yielding an effective response rate of 99.72%. 153
of them (21.34%) were male and 564 (78.66%) were female. Average
scale score is 72.063 + 14.677. The demographic information collected
includes age, sex, marital status, education level, residence and
BMI. Additional social demographic details are presented in Table 1.

3.2 Scale translation and cross-cultural
adaptation

In accordance with the linguistic and cultural nuances of China, the

initial draft of the Chinese version was carefully reviewed and adjusted,
considering semantics, idiomatic expressions, and cultural concepts.
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TABLE 1 Independent samples t-test results for gender.

|  Statisic  df  p
Total score Student’s t 2.51° 712 0.012
Welch’s t 2.32 217 0.021

Ha 1 mate # H female:
“Levene’s test is significant (p < 0.05), suggesting a violation of the assumption of equal

variances.

First, the original scale was translated from English to Chinese using
forward translation. Subsequently, the instruments were translated into
English. Finally, the authors scrutinized the phraseology of both the
English and Chinese versions and compared them with the original
English version, with the objective of identifying uncertainties and
correct inconsistencies. Both researchers and linguists approved the
Chinese version of the study prior to the research.

3.3 Reliability

3.3.1 Cronbach’s alpha and omega coefficient

Cronbach’a coeflicients for each dimension and total scale were
calculated, all dimensions showed good reliability with Cronbach’s
a=0.894 and McDonalds » = 0.895 (Dimensionl); Cronbach’s
a=0.933 and McDonald’s @ = 0.934 (Dimension 2); Cronbach’s
a = 0.848 and McDonald’s @ = 0.854 (Dimension 3), and the total
scale also shows excellent reliability with Cronbach’s & = 0.956 and
McDonald’s w = 0.957.

3.3.2 SEM

According to the formula SEM = SD x \/ (1 — a), we obtain SEM
of 3.08. The scale consists of 24 items presented in a 4-point Likert-
type format. For a scale with a total score of 96, an SEM of 3.08
represents a measurement error of approximately 3.21%. This is
considered a relatively ideal value, indicating that the measurement
error is acceptable.

3.3.3 Split-half reliability

Value of Spearman-Brown split-half reliability coefficient is 0.931,
which indicates the high consistency across different parts of scale and
shows the good reliability.

3.3.4 Test—retest reliability
The test-retest reliability for DOS scores was found to be 0.987.
95% CI from 0.978 to 0.993.

3.4 Validity

3.4.1 Independent samples t-test

In order to learn about the influence of socio-demographic
variables, we made the independent samples t-test and found that the
gender and medical education background had significant impact on
result (p < 0.05) while BMI did not (Tables 1-3).

3.4.2 Criterion validity

C-DOS was used to analyze criterion validity of C-ONI and the total
score of C-ONI and C-DOS was positively correlated (r = 0.87, p < 0.001).
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343 EFA

The KMO value is 0.949, >0.6, satisfied with the requirement
of factor analysis suggesting that the factor analysis can be used
for data. Bartlett’s test of sphericity also showed the data is suit for
factor analysis (p < 0.05). The Principal Axis Factoring method
was adopted in combination with Promax rotation. The results
indicated that the 24 measurement items were distributed across
three latent factors, with significant factor loadings explaining the

TABLE 2 Independent samples t-test results for medical education
background.

Statistic Df p
‘ Total score | Student’s t 3.13* 712 0.002 ‘
‘ Welch’s t 2.67 87.2 0.009 ‘
Hopi#po

“Levene’s test is significant (p < 0.05), suggesting a violation of the assumption of equal
variances.

*, represents individuals without a medical background, while p, represents individuals
with a medical background.

TABLE 3 Correlation matrix for ONI total scores and BMI.

Total score BMI

10.3389/fnut.2024.1491544

primary variance structure of each variable. The key findings are
summarized as follows: Factor 1 is primarily defined by significant
loadings from items Q3, Q4, Q5, Q7, Q10, Q12, Q13, Q14, Q1l6,
Q19, and Q24 (factor loadings ranging from 0.730 to 0.852);
Factor 2 is characterized by significant loadings from items Q2,
Q6, Q8, Q11, Q15, Q17, Q18, and Q22 (factor loadings ranging
from 0.672 to 0.818); Factor 3 is mainly defined by significant
loadings from items Q1, Q9, Q20, Q21, and Q23 (factor loadings
ranging from 0.677 to 0.831). The factor loading for each item is
shown in Figure 1.

3.4.4 Confirmatory factor analysis
The model was constructed using Amos 23.0 software, and
confirmatory factor analysis (CFA) was conducted on the survey data
to derive the structural equation model, as illustrated in Figure 2.
The goodness-of-fit indices for the models are presented in
Table 3. In conclusion, the Chinese version of the ONI demonstrates
good structural validity.

3.5 Item analysis

, The purpose of item analysis is to determine whether the items in
Total score Pearson’s r —
the questionnaire or scale are valid and appropriate.
Df —
p-value - 3.5.1 Item-total correlation
BMI Pearson’s r 0.028 — All items demonstrating correlations exceeding 0.5 and the
Df 712 _ majority approaching or surpassing 0.7, which indicates that most
| 0461 items significantly contribute to the overall construct of the scale,
p-value . — . .
underscoring strong construct validity.
Exploratory Factor Analysis
Factor Loadings
Factor
1 2 3 Unigqueness
Q1 0.698 0.553
Q2 0672 0.569
Q3 0.760 0.403
Qa 0.767 0.381
Qs 0826 0.384
Qe 0.696 0.501
Q7 0767 o.428
Qs 0.734 0416
Qs 0.797 0.343
Qio 0847 0.287
Qi1 0.785 0.440
Qiz 0.844 0.291
Qiz 0.808 0.308
Qla 0837 0.321
Qils 0.762 0.441
Qs o852 0.265
Q17 0.708 0.396
Qis 0818 0375
Qila 0.730 0.399
Qzo 0.808 0316
Q21 0.831 0.309
Q22 0.742 0392
Q23 0677 0513
Q24 0.830 0.291
Note. "Principal axis factoring' extraction method was used in combination with a ‘promax’ rotation
FIGURE 1
Factor loadings of each item in the Chinese version ONI.
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Standardized three-factor structural model of the Chinese version of the ONI (N = 428).

3.5.2 ICC analyses

All 24 ICC curves illustrate the probability of selecting different
rating categories across the spectrum from low to high ability
segments. Below is a detailed analysis of these curves.

3.5.2.1 Relationship between ability and selection
probability

All 24 curves demonstrated that as participants’ abilities
increased, the probability of selecting higher rating categories (e.g.,
Category 3 and Category 4) progressively rose, while the probability
of selecting lower rating categories (e.g., Category 1 and Category
2) decreased. This trend indicates that the scale exhibits strong
ability discrimination, effectively distinguishing participants across
different ability levels.

Frontiers in Nutrition

3.5.2.2 Smoothness and monotonicity of the curves

The majority of the curves displayed smooth and monotonically
increasing transitions, aligning with GRM expectations. This indicates
that the transitions between rating categories are logical and free from
abrupt changes or plateau regions, thereby reinforcing the scale’s
measurement precision and reliability.

3.5.2.3 Thresholds and category spacing

The intersections of the curves were appropriately distributed,
suggesting that the thresholds between rating categories are well-
calibrated and can clearly differentiate each category. Notably, in the
low and high ability intervals, the differences in the probability of
selecting each rating category were substantial, reflecting the scale’s
excellent discrimination in these extreme ability segments.
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3.5.2.4 Discrimination in the moderate ability range

However, within the moderate ability range (approximately
around an ability value of 0), some curves exhibited relatively gradual
transitions, particularly between Category 2 and Category 3, showing
minimal differences in selection probabilities. This may hinder
participants in the moderate ability range from distinctly
differentiating these rating categories, potentially compromising
measurement precision. This observation suggests that, while most
curves meet expected standards, the discrimination within the
moderate ability range may be insufficient and warrants
further optimization.

3.5.2.5 Applicability of rating categories

Overall, the performance of all 24 curves indicates that the
spacing between rating categories is appropriate, effectively reflecting
varying levels of participants’ abilities. Through GRM model fitting,
we confirm that the scale’s design aligns with expectations and
provides high measurement precision across most ability segments.

3.5.2.6 Model fit

Following GRM analyses for all items, the scale demonstrated
robust model fit. The transitions between categories were smooth, and
there were no significant overlaps or issues in distinguishing
rating categories.

In summary, the ICC curves of the scale exhibit optimal
discrimination among rating categories, particularly within the
extreme ability segments (low and high abilities), where the rating
categories effectively differentiate participants with varying ability
levels. Nonetheless, in the moderate ability range, some curves display
gradual transitions and insufficient discrimination between categories,
which may impact measurement precision in this segment.

4 Discussion

The present study aimed to investigate the psychometric
properties of the ONI within a sample of Chinese respondents,
providing valuable insights into its factorial structure, internal
consistency, as well as its convergent and criterion validity.

Eating disorders manifest differently in different cultures and
social preferences, and research has been conducted to support the
idea that eating disorders manifest differently in Asian countries.
More research is needed to investigate the cross-cultural validity of
ON and how it manifests differently in different culture background
(1,22, 23). The development of C-ONI can help researchers investigate
the different prevalence rates of ON across cultures and enhance the
identification and screening of the disease.

4.1 The Chinese version of the scale has
suitable reliability

This study assessed the reliability of the Chinese version of the
ONI from different aspects, and most of them show the high reliability
of the scale. Cronbach’s @ and Omega Coeflicient of all dimensions
and the whole scale suggest that the items across all dimensions are
well-aligned and contribute effectively to the construction. Split-half
reliability also showed the high consistence among different parts of
the scale. Test-retest reliability indicates the stability of the scale over
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time and its consistency with the measured object, suggesting that the
measurement results are highly reliable and suitable for long-term or
repeated use.

Overall, the scale is highly reliable, with stable internal consistency
across all dimensions and minimal impact from item deletions,
confirming its suitability for measuring the intended construction.

4.2 The Chinese version of the scale has
suitable validity

In this study, the validity of the scale was analyzed and assessed
using both content validity and construct validity. Content validity
measures how well the scale items align with the intended
measurement objectives and requirements, while construct validity
assesses the extent to which the scale’s theoretical framework is
reflected in the observed measurement outcomes (24). The I-CVI of
the Chinese version ONI was between 0.857 and 1.000, and the S-CV1
was 0.917, which was higher than the reference value of content
validity and good content validity (25). Suitable for assessing the
Chinese population.

To assess the construct validity of the Chinese scale, both
Exploratory Factor Analysis (EFA) and Confirmatory Factor
Analysis (CFA) were employed. It is widely accepted that ideal
structural validity should meet the following criteria: The
exploratory factor analysis followed the criteria that (1) the extracted
factors should collectively explain at least 40.00% of the total
variance, and (2) each item should demonstrate a high factor loading
(>0.400) on one factor while showing low loadings on other factors.
The results indicated that Principal Axis Factoring (PAF) with
Promax rotation was applied, and only items with individual factor
loadings greater than 0.40 were retained. Ultimately, three common
factors were extracted, which collectively accounted for a substantial
portion of the variance. The factor loadings across the component
matrix were all above 0.5 on their respective dimensions,
demonstrating strong associations between items and their
corresponding factors. Three common factors were ultimately
extracted, collectively accounting for 61.100% of the total variance
(26). The results of CFA showed that y*/df = 1.738, RMSEA = 0.924,
RMR = 0.027, CFI = 0.965, GFI = 0.924, AGFI = 0.908. Convergent
validity refers to the size of the factor loading coefficient of the
corresponding variable reflected by each item, which is mostly
calculated by AVE and CR. The standardization of each variable in
this study is greater than 0.7, the AVE value is greater than 0.5, and
the CR value is greater than 0.8. Therefore, the convergent validity
test of the research data in this article is qualified. On the other
hand, Item-Total Correlation shows the existing item structure is
well-supported and should be retained. Only items with relatively
lower correlations may require minor refinement to enhance their
effectiveness. Overall, the scale exhibits excellent construct validity,
ensuring that the total score effectively encapsulates the intended
measurement objectives.

5 Limitations
This study has several limitations. Firstly, we recruited a

non-clinical sample, which may affect the generalizability of the
findings. Future surveys will be conducted on a broader group of
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people. Secondly the scale used in this study does not have a
predefined diagnostic threshold, and therefore, ROC analysis
cannot be performed. The scale is designed as a continuous
measurement tool and is not intended for binary classification
based on a fixed cutoff (i.e., distinguishing between positive and
negative cases). Since ROC analysis requires calculating sensitivity
and specificity at various thresholds, traditional ROC analysis is
not applicable in the absence of a clear diagnostic threshold. The
third point is, through calculation, we found that the floor effect
of most items exceeded 20%, which is primarily attributed to
differences in scale design and participants’ ability levels, rather
than a lack of item difficulty or discrimination. Therefore, we can
confirm that the scale items are effective in terms of design and
measurement properties. To reduce the floor effect, further
adjustments to the scoring criteria or an increase in the number
of items will be necessary in the future. In addition, the primary
purpose of this study was the cultural adaptation of the scale.
Therefore, during the collection of demographic data, a more
diverse range of demographic information was not considered. As
a result, only limited hypotheses regarding demographic variables
were tested. In future applications of the scale, more in-depth
research can be conducted.

6 Conclusion

This study concentrated on translating and culturally adapting the
Orthorexia Nervosa Inventory (ONI) into Chinese, followed by a
thorough evaluation of its psychometric properties. The findings
demonstrate that the Chinese version of the ONI exhibits strong
reliability and validity. In the context of diverse cultural backgrounds
and dietary habits, this scale provides a reliable tool for assessing and
screening the Chinese ON population. Additionally, it lays the
groundwork for future intervention studies targeting this group.

Data availability statement

The data supporting the findings of this study are available from
the corresponding author upon request.
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Case Report: From disordered
eating to an eating disorder—a
case study of an orienteering
athlete with anorexia nervosa and
the shortcomings of the
multidisciplinary approach
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!Doctoral School of Education, Faculty of Pedagogy and Psychology, E6tvds Lorand University,
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This case study explores the transition from disordered eating (DE) to an eating
disorder (ED) in a 23-year-old female orienteer. Despite her talent as an athlete,
her eating habits and training practices led to significant health concerns. After
following an ovo-lacto vegetarian diet for 3 years, she exhibited symptoms of DE,
including low energy intake (1,200 kcal/day), low body weight (50.1 kg, BMI: 16.9),
and amenorrhea. Her condition deteriorated over 2 years, resulting in a diagnosis
of anorexia nervosa (AN) by February 2023. During the treatment process, the
athlete utilized a multidisciplinary approach that included dietitians, psychologists,
and physicians. Despite achieving some initial progress, including a slight increase
in body weight and the return of menstruation in July 2022, her health declined
after psychological consultations were halted, leading to a further decrease in body
fat and persistent low serum iron levels. This case highlights the importance of
continuous monitoring, timely intervention, and a coordinated multidisciplinary team
in addressing DE and ED in athletes. It also highlights the significance of effective
communication among healthcare professionals and the need for comprehensive
treatment strategies that include psychological, nutritional, and medical support.
This study highlights the significance of early detection, suitable intervention,
and the prevention of long-term health complications, such as decreased bone
density and cardiovascular issues, in athletes with DE and ED.

KEYWORDS

disordered eating, eating disorder, athlete, anorexia nervosa, multidisciplinary
approach

Introduction

Adequate nutrient intake is essential for achieving optimal athletic performance
(Holtzman and Ackerman, 2021; Jeukendrup, 2017). Individualized nutrition strategies,
developed by dietitians and sports nutritionists, play a crucial role in health promotion, body
composition optimization, performance enhancement, and postinjury recovery (Chatterton
and Petrie, 2013; Martinsen and Sundgot-Borgen, 2013; Sundgot-Borgen and Torstveit, 2004).
However, many athletes depend on unqualified sources—such as coaches, parents, or
teammates—for nutrition advice. This can lead to unsupervised practices that increase the risk
of disordered eating (DE) and eating disorders (ED) (Mancine et al., 2020).
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The prevalence of DE and ED among athletes is rising and is
notably higher compared to the general population (Ghazzawi et al.,
2024; Martinsen and Sundgot-Borgen, 2013; Sundgot-Borgen and
Torstveit, 2004). While it was once believed that only female atheletes
suffer from DE and ED, it is now recognized that male counterparts
can also be affected (Chatterton and Petrie, 2013). However, female
athletes still exhibit a higher prevalence of these conditions (Hazzard
etal., 2020; Cabre et al,, 2022). Every sport discipline is affected, but
those involving esthetlcs (dance, gymnastics, rhythmic gymnastics,
etc.), endurance (running, canoeing, diving, etc.), and weight-
dependent sports (wrestling, judo, taekwondo, karate, etc.) are
particularly at risk (Mancine et al., 2020; Sundgot-Borgen and Garthe,
2011). Additionally, team sports have been recognized as including a
group of vulnerable athletes (Kampouri et al., 2019; Gouttebarge
etal, 2018).

Among athletes, DE includes all pathological behaviors aimed at
periodically reducing body weight, such as meal restriction, the use of
weight-loss pills, binge eating, and purging, or enhancing sports
, 2020). Clinical EDs are characterized by
more severe and frequent behaVlors, such as fasting, binge eating, and

performance (Wells et al.

purging several times a week. Unlike DE, which involves a less
pervasive preoccupation with food, ED significantly disrupts an
, 2020).

DE and ED are multifactorial conditions that exist on a spectrum,
as described by the Australian Institute of Sport (AIS) and the National
Eating Disorders Collaboration (NEDC) in 2020 (Wells et al., 2020).
Optimal nutrition serves as the foundation, supplying the energy

individual’s daily life (Wells et al.

necessary for both health maintenance and athletic performance.
When this balance is disrupted, symptoms of DE may appear. Without
intervention, DE can progress to ED, a clinical condition with serious
,2020).

Both DE and ED can be managed using a multidisciplinary

health implications (Wells et al.

approach, involving physicians, psychiatrists, and dietitians in the
medical team (Cena et al., 2022; Temme and Hoch, 2013; Joy et al.,
2003). Physicians assess overall health, prescribe medication when
necessary, and suggest mental health and nutritional interventions
(Mairs and Nichols, 2016; Woodruff et al., 2020; Cena et al., 2022).
Dietitians examine eating behaviors, monitor physical symptoms, and
develop personalized nutritional plans, while psychologists and
psychiatrists provide psychotherapy, track mental health progress, and
prescribe medication as needed. The multidisciplinary team may also
involve physiotherapists, coaches, family members, teammates, or
others essential to the athlete’s recovery (Joy et al., 2016). Despite this
structured approach, recovery outcomes remain challenging, with
only 40-50% of patients achieving full recovery (Joy et al., 2003).

There are several internationally accepted manuals for diagnosing
EDs, such as the Diagnostic and Statistical Manual of Mental Disorders
(DSM) (American Psychiatric Association, 2013), the International
Statistical Classification of Diseases and Related Health Problems (ICD)
(World Health Organization, 2019), the Chinese Classification of
Mental Disorders (CCDM) (Chen, 2020), Psychodynamic Diagnostic
Manual (PDM) (Lingiardi and McWilliams, 2015). Currently, the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition,
Text Revision (DSM-V-TR) with text revisions is the most
comprehensive clinical resource available including updated
diagnostic criteria and the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) codes (American
Psychiatric Association, 2024).
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Insufficient nutrient intake can negatively affect various areas.
Among athletes, prolonged low energy availability (LEA), lasting for
weeks or months, can lead to a decrease in sports performance as well
as health deterioration, as defined by the term Relative Energy
Deficiency in Sport (REDs) by the International Olympic Committee’s
Medical Commission (Mountjoy et al., 2023). This syndrome affects

multiple organ systems, 1nclud1ng the endocrine system,
cardiovascular system, immune system, and gastrointestinal system.
It also impacts growth, bone health, and mental state (Cabre et al.,
2022; Logue et al,, 2020). Furthermore, the increased risk of injury
contributes to the number of missed training hours, subsequently
resulting in a decline in sports performance (Henninger et al., 2024;
2020; Rauh et al., 2010).

Petrie and Greenleaf (2007) summarized a theoretical model

Joubert et al.,

highlighting several factors that may influence athletes’ disordered
eating behaviors. This model suggests that social and sport-related
pressures can lead to body dissatisfaction, which may result in
restrictive eating, followed by binge eating and the onset of other
disordered eating behaviors. Different moderators play a role at each
stage, with body dissatisfaction influenced by weight and body shape,
while restrictive eating is shaped by perfectionism, body perception,
neuroticism, and self-esteem. Family and peer behavior models also
play a role in the occurrence of the problem (Petrie and
Greenleaf, 2007).

Although longitudinal studies on the connection between DE and
ED are limited, research indicates that DE rarely resolves without
appropriate intervention (Mountjoy et al., 2014; Gouttebarge and
Kerkhoffs, 2017). Both DE and ED have negative effects on health in
various ways, including adverse changes in body composition
(reduced body weight and fat ratio) and abnormal blood test results
(serum iron, ferritin, fasting blood sugar, and hormonal imbalances).
These complications can result in long-term health issues, such as
amenorrhea and iron deficiency, which hinder performance (Attwell
2017; Banfi et al., 2012; Gordon, 2010). The
diagnosis of EDs is often delayed because symptoms can remain
,2016).
All of these conditions underline the importance of early

et al., 2022; Hulmi et al.,
hidden for extended periods (Tan et al.

recognition and prevention, as well as the need for continuous joint
action of the multidisciplinary team. In our study, there was a lack of
proper cooperation among the members of the medical staff which led
to serious health deterioration.

Patient information

We present the 2-year case study of a 23-year-old female orienteer
who has been involved in the sport since the age of 13 and has been
following an ovo-lacto vegetarian diet for 3 years. She is a talented
athlete; in the year prior to the intervention, she competed in 45 events
and won medals in 20 of them. We aim to illustrate how her symptoms
transitioned from DE to ED. This case study was approved by the
Human Ethics Committee of ELTE E6tvos Lorand University, Faculty
of Pedagogy and Psychology (license number: 2023/104). The athlete
gave written permission to publish the results. Detailed first-year
information is available from a previous study (Kovécs and Boros,
2024). We sought special permission to disclose the data in the
medical documentation from the institution where the treatments
were conducted.
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The starting point was in February 2022, when she visited the
ambulatory dietetic care. She sought support from her coach and was
also motivated by her own determination. Her current goal was to
focus on achieving her best performance; however, her coach was
rather worried about her health. According to her food diary, she
consumed an average of 1,200 kcal/day (25.9 kcal/fat-free kgs) and
trained 6 days per week. She was 1.73 meters tall, weighed 50.1 kg, had
a BMI of 16.9 kg/m?, and a body fat percentage (PBF) of 7.5%. She had
not had her menstrual period and had not undergone a gynecological
examination since 2020. The laboratory results confirmed low levels
of serum iron. Before she became vegetarian, she weighed 57-58 kgs,
and her periods were regular.

Therapeutic intervention and clinical
findings

Following the nutritional assessment, she underwent
consultations with an internist, psychologist, and psychiatrist,
after which a common therapeutic assessment commenced in
May 2022. According to the DSM-V, she did not meet the criteria
of an ED, but she exhibited several DE symptoms. She counted
calories but was not afraid of gaining weight; rather, she worried
about not consuming a sufficient amount of energy. Moreover, she
declined restaurant invitations because she believed that there
would not be suitable dishes for vegetarians. Based on the medical
team’s decision, it was not necessary to revoke her competition
license or reduce her training volume. Psychiatric medicine
prescription and hospitalization were also deemed unnecessary.
She started working with a sports psychologist, who also worked
with the athlete’s teammates. To help regulate her serum iron
levels, Krauterblut syrup was recommended by the nutritionist
(OGYI-NYTSZ-337/92).

Throughout the treatment process, monthly dietary
assessments, biweekly psychological evaluations, and semiannual
internal medicine examinations, including blood test analysis,
were conducted. During the dietary consultations, body
composition measurements [performed with an (InBody Co.,
Ltd., Seoul, Korea) device; Brewer et al., 2021] and food diary
analysis (with Nutricomp DietCAD software) were conducted.
The athlete did not want to follow a structured diet prepared by
the specialist, but she agreed to discuss and review her meals
during each meeting. The therapeutic goals were defined as
follows: a minimum BMI of 18.5 kg/m* (~ 55 kg), a minimum of
12% body fat, and the maintenance of regular menstrual cycles.
The medical team never convened a joint meeting to discuss the
athlete’s condition and further treatment recommendations, so
the practitioners were informed by the athlete about the progress
she was making in each of the respective fields. The internist and
the dietitian were at the same institute, so they accessed each
other’s documentation regarding the athlete; however, there was
no information about the psychological consultations.

In her first year, she achieved initial success. Her body
weight slightly reached the therapeutic goal (54.8 kg), so her
body fat percentage (11%), and in July 2022, she had her
menstrual period. The body composition results started to
after the

deteriorate suspension of the psychological
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consultations (August 2022). By the end of the first year
(February 2023), the orienteer was diagnosed with an ED
[anorexia nervosa (AN)]. The events of the upcoming year are
summarized in Figure 1. Psychological consultations were
recommended to be restarted urgently, but this time weekly
instead of biweekly. Concerning the competition license, she
was still not banned from sport. The most important thing for
the athlete was to be still able to compete, but she was not aware
of her serious health condition. In April 2023, the athlete’s body
weight dropped below 50 kgs (BMI 16.7 kg/m?). Her serum iron
levels remained low, as did the red blood cell and hemoglobin
concentrations. By July, the body fat percentage dropped to 4.5%
when a cardiology examination was performed with no
abnormalities. The medical team determined that AN clearly
presented her medical history and current physical condition,
which required the immediate revocation of her competition
license. Hospitalization and psychiatric prescriptions were not
recommended. At this point, the coach radically reduced the
training volume rather than eliminating it entirely (as would
have been necessary, but the athlete strongly opposed it). For the
next 6 months, contact was made more difficult by an Erasmus
scholarship program, which meant that the athlete was abroad.
We overcame this by having her body composition checked at a
foreign university, which was evaluated online by the dietitian.
She also participated in individual online therapies with the
sports psychologist. After returning home in February 2024, the
athlete reported severe abdominal pain and spasms, especially
after meals. An abdominal ultrasound was conducted, which
revealed no abnormalities. However, the laboratory results
indicated  concerning findings for liver function
(GOT-glutamate-oxalacetate-transaminase, GPT- glutamate-
GT-
transferase, LDH-lactate dehydrogenase), and no further

piruvate-transaminase, gamma gamma-glutamil-
investigation was conducted. It was recommended to start
psychotherapy with a clinical psychiatrist specialized in eating
disorders instead of a sports psychologist. From then on, therapy
included weekly psychiatric consultations (now with the ED
specialist), monthly dietary counseling, and quarterly internal

medicine check-ups.

Follow-up and outcomes

Since then, the athlete’s condition had improved. However, similar
to the previous 2 years, there had been minor setbacks in body weight
and body composition due to personal life problems. Her current
weight was 54 kg, her body fat percentage was 10.8%, and her
abdominal pain had disappeared. Although these values did not yet
reach the target set at the beginning of the therapy, she had maintained
them steadily in recent months. The frequency of psychiatric
consultations had been reduced to once every 2 weeks. Psychiatric
prescription was still not recommended.

In October 2024, after a joint decision by the medical team, the
athlete was issued a 1-month competition license. Her training load
had increased, but she had not yet returned to her preintervention
level. The competition permit was renewed each month, with the
consent of the dietitian and psychiatrist.

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1537844
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Kovécs and Boros

10.3389/fpsyg.2025.1537844

DISORDERED MONTHLY CHECK
EATING DIAGNOSIS BW: 50.3 kgs
internal medicine PBF: 7.3%

consultation, psychiatric BMI: 17.1 kg/m?

assessment
Iron: 10.6 umoll
BW: 51.3 kgs Hgb: 118 GN
PBF: 7.8% RGB:3.72GAN

CHOL: 5.76 mmol1

4

BMI: 17.3 kg/m?

4

consultation, psychiatric

CHOL: 6.38 mmol1

FIGURE 1

Gamma GT, gamma-glutamil-transferase; LDH, lactate-dehydrogenase.

Brief history of the medical examinations throughout the examined period

ABDOMINAL PAIN
ultrasound: no
abnormalities
BW: 50.3 kes
PBF:7.3%
BMI: 17.1 kg/m?

Iron: 10.6 umol1
Hgb: 118 GN
RGB:3.72GA

CHOL: 5.76 mmol1

i

2023 February March  April July February 2024
EATING DISORDER R FURTHER
DIAGNOSIS BW: 51 kgs THERAPEUTIC
internal medicine PBF:4.5% WORK

BMI: 17.2 kg/m?

assessment 1. monthly dietetic
Iron: 5.6 um.ol/l consultation and body
BW: 50.7 kgs Hgb: 119 G/l composition check
PBF: 7.8% RGB:3.98 G/l
. 17.1 ko/m?2 CHOL:5.39 "

BMI: 17.1 kg/my e 2. weekly psychotherapy
Iron: 14 umol1

Hgb: 130 GN

RGB: 4.1 GN

Brief history of the medical exaninations provided througout the examined period. Hgb, hemoglobin; RBC, red blood cell; CHOL, cholesterol; BW,
body weight; PBF, percent body fat; BMI, body mass index; GOT, glutamate-oxalacetate-transaminase; GPT, glutamate-piruvate-transaminase;

Regarding her eating habits, she continued to follow an ovo-lacto
vegetarian diet. The blood test results indicated a slight increase in
serum iron levels, hemoglobin, and red blood cells; however, these
levels still remained low. Cholesterol and liver function markers had
normalized. She has had her menstrual period once since then,
marking the second occurrence since 2020. Consequently, the sports
physician referred her for a dual-energy X-ray absorptiometry (DXA
or DEXA) bone density test that revealed early-stage osteoporosis in
the spine. Further endocrinological testing is ongoing.

Discussion

The relationship between low body weight,
body fat percentage, and amenorrhea

The most serious issue in this case is the low body weight
and body fat percentage, which was accompanied by
amenorrhea. Low body weight, inadequate nutrition, and
excessive physical activity can collectively disrupt the
production of sex hormones (such as estrogen and luteinizing
hormone), leading to menstrual irregularities or even the
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complete cessation of menstruation (Berz and McCambridge,
20165 Klein and Poth, 2013; Winston, 2012). This is particularly
critical among female athletes, as amenorrhea not only threatens
reproductive health but also raises risks, such as decreased bone
2022). Therefore,
restoring energy balance and maintaining adequate body fat
levels are essential (Melin et al., 2019; De Bruin, 2017; Mountjoy
et al., 2014).

density and stress fractures (Costa et al.,

The link between high cholesterol levels
and anorexia nervosa

Throughout the observed period, the athlete’s cholesterol levels
remained consistently elevated. Previous studies indicate that in
cases of AN, endogenous cholesterol production increases, likely
triggered by the body’s energy-deficient state (Hussain et al., 2019;
Winston, 2012). This may arise from the liver’s compensatory
mechanism trying to maintain the necessary lipid levels necessary
for cellular function. This increase in cholesterol poses long-term
cardiovascular risks, especially if other metabolic issues are present.
A thorough review of the diet and addressing nutritional deficiencies
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are essential for managing the condition (Neglia, 2021; Melin
etal., 2015).

Suspected superior mesenteric artery
syndrome

Although the abdominal ultrasound report was negative, the
symptoms indicated the possibility of superior mesenteric artery
syndrome (SMAS). This condition typically occurs in cases of
significant weight loss, where the reduction of abdominal fat
causes the artery to compress the duodenum, resulting in digestive
issues and severe pain (Bloomberg et al, 2023; Singh and
Contrucci, 2023). SMAS is often associated with EDs and can serve
as a warning sign of AN (Recio-Barbero et al,, 2019; Sato and
Fukudo, 2015). Nevertheless, SMAS is a relatively rare condition;
however, its incidence is higher in patients with EDs, especially
AN, than in the general population (Farina et al., 2017; Oliva-
Fonte et al., 2017).

Challenges of vegetarianism for athletes

The athlete followed a vegetarian diet, which may be a
challenge in restoring energy balance and adequate nutrient
intake. However, numerous professional guidelines exist for the
nutrition of vegetarian athletes, emphasizing that both health and
performance enhancement can be achieved through proper
planning (Craddock et al., 2016; Barr and Rideout, 2004).
Nevertheless, these diets require careful attention, especially
regarding adequate intake of essential proteins, iron, calcium,
vitamin D, and vitamin B12 (Nebl et al., 2019; West et al., 2023).
Collaborating with a sports dietitian is essential to ensure that the
athlete’s diet meets the requirements for recovery and hormonal
balance restoration (Kussman and Choo, 2024).

Treatment recommendations and
multidisciplinary approach

By the end of the first year, the athlete’s condition further
deteriorated, necessitating the revocation of the competition license.
This decision aligns with other case studies that indicate better long-
term outcomes when competition is suspended, allowing for a focus
on rehabilitation (Quatromoni, 2017).

A multidisciplinary approach is essential for effective treatment as
recommended by the IOC (Mountjoy et al., 2023). Collaborating with
a psychologist or psychiatrist who specializes in ED is crucial, as
psychotherapy assists in uncovering and addressing the underlying
psychological causes (Grilo, 2024; Eichstadt et al., 2020; Hay, 20205
Petisco-Rodriguez et al., 2020; Murphy et al., 2010). Furthermore, a
controlled and gradually increased nutritional intake, along with a
temporary halt to physical activity, is vital for the body’s recovery
(Neglia, 2021).

This athlete’s that
possible with appropriate treatment. The condition can

situation shows improvement is

be reversed when physical, nutritional, and psychological
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aspects are thoughtfully considered and addressed in an
integrated approach.

Limitations

The case study presents a detailed overview of an athlete’s
journey. However, several limitations must be considered. This
is a single case study, which means that the findings are specific
to one individual. While it can provide valuable insights into the
athlete’s these
be generalized to all athletes, particularly those with varying

experience, results cannot necessarily
eating habits, training routines, or backgrounds. Although
psychological treatments and interventions were part of the
athlete’s care, we were unable to provide detailed information on
the types of therapies used. Furthermore, an eating disorder
specialist was involved only after a year and a half. The specific
impact of these therapies on her recovery remains unclear. The
athlete’s progress was monitored by various specialists (internist,
dietitian, psychologist, and psychiatrist) who did not always
collaborate directly. This lack of coordinated care may have
influenced the outcomes and indicates that a more integrated,

multidisciplinary approach might have been more beneficial.

Conclusion

This case study highlights the need for developing effective
preventive strategies to reverse the effects of disordered eating
(DE) and to prevent the onset of eating disorders (EDs) in
athletes. Early intervention is essential, and coaches play a vital
role in identifying subtle shifts in an athlete’s behavior, eating
habits, or physical performance. Their awareness can help
prompt
progression of DE. However, once DE symptoms are recognized,

early medical evaluations, preventing further
medical staff must make informed decisions about temporarily
suspending training or competitions to prioritize the athlete’s
physical and mental health.

Although a theoretical framework for multidisciplinary
team care exists, practical challenges often hinder its
implementation. Limited resources, time constraints, and
challenges in coordinating professionals from diverse fields,
each with unique priorities, can impede effective collaboration.
This case study highlights the need for improvements in two key
areas: early identification of at-risk athletes and better
collaboration within multidisciplinary teams.

To address these challenges, developing more effective screening
methods—such as regular check-ins or questionnaires for athletes and
coaching staff— and emphasizing collaboration among medical team
members—could provide early indicators of DE or ED.
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The relationship between
objectification and the desire to
undergo cosmetic surgery: the
mediating role of intuitive eating
and body image flexibility

Gianina Lazarescu and Mona Vintila*

Faculty of Sociology and Psychology, West University of Timisoara, Timisoara, Romania

Objectives: Sociocultural standards that emphasize idealized appearance
and promote the objectification of women’'s bodies have been consistently
associated with negative body image outcomes and increased interest in
cosmetic surgery (Fredrickson & Roberts; Calogero et al.). Constructs such as
body image flexibility and intuitive eating have been discussed in the literature
as psychological resources that promote well-being in body image-related
contexts (Sandoz et al.; Tylka & Kroon Van Diest). However, their specific role in
the relationship between objectification and cosmetic surgery interest remains
underexplored. Recent evidence suggests that body image flexibility may
function as a protective factor in this relationship (Huang et al.), while intuitive
eating has been associated with greater psychological well-being and reduced
body-related distress (Tylka and Wilcox), suggesting its potential relevance.
Building on this background, the present study investigates the mediating roles
of body image flexibility and intuitive eating in the relationship between body
objectification and the desire to undergo cosmetic surgery for intrapersonal
and social reasons, as well as the likelihood of pursuing such procedures in the
future.

Methods: The sample consisted of 555 Romanian women (M = 29.61 years,
SD = 13.396), who completed validated scales measuring body objectification,
body image flexibility, intuitive eating, and attitudes toward cosmetic surgery.
Data were analyzed using parallel mediation models, controlling for age,
educational status, ethnicity, relationship status, and body mass index.

Findings: The findings indicated that body objectification was negatively
associated with body image flexibility and intuitive eating. While intuitive eating
did not mediate the relationship between body objectification and the desire for
cosmetic surgery in any of the tested models, body image flexibility emerged as
a partial mediator in the model related to social motivations and a full mediator
in the model predicting future consideration of cosmetic procedures. These
results are consistent with theoretical frameworks emphasizing self-perception
and sociocultural context—such as self-verification and self-affirmation
theories—that help explain how women’'s behaviors are shaped by societal
expectations and patriarchal cultural norms.

Conclusionand recommendations: The study highlights the relevance of cultural
context in understanding adaptive factors that may buffer the psychological
impact of objectification. The results suggest that body image flexibility may
function as a protective factor in reducing the desire for cosmetic surgery.
While these findings may suggest potential directions for intervention, such as
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promoting positive body image and intuitive eating, we emphasize that further
longitudinal research is needed before such psychoeducational programs can
be designed or implemented. This study contributes to the growing body of
literature by shedding light on culturally specific dynamics influencing cosmetic

surgery motivations.

KEYWORDS

cosmetic surgery, body objectification, intuitive eating, body flexibility, cosmetic

surgery motivations

Introduction

From time immemorial, society has played a significant role in
transmitting culturally accepted ideals of beauty. The sociocultural
perspective emphasizes the importance of physical appearance in
Western cultures, with the predominant beauty ideal for women being
thinness (1-3). The societal pressure to conform to culturally imposed
body ideals has been consistently linked to various negative outcomes,
including body dissatisfaction (4, 5), eating disorders (6, 7), low self-
esteem (8, 9), the desire to undergo cosmetic surgery (10, 11), and
self-objectification (12, 13). Objectification Theory (14) describes how
social norms and representations can lead women to internalize an
observer’s perspective of their own bodies, resulting in self-
objectification. This process is associated with increased body
surveillance, feelings of shame and guilt, and negative perceptions of
body image (15-18, 112). According to this framework, women are
often perceived more as objects than as individuals, and their bodies
become instruments for the pleasure and evaluation of others (19, 20).
Experiences of sexual objectification have been associated with body
surveillance and body shame, which, in turn, are linked to positive
attitudes toward cosmetic surgery (15, 21).

Although objectification is a widespread phenomenon, cultural
context plays an important role in how body-related pressures are
expressed and internalized. In Romania, the post-socialist legacy has
contributed to the persistence of traditional gender norms, especially
after 1989, when women were redefined primarily as caregivers and
esthetic figures, and the pursuit of gender equality was deprioritized
(22-24). The liberalization of the market economy after communism
reinforced consumerist ideals, positioning physical appearance—
particularly for women—as a key indicator of value and success (25,
26). These historical and cultural processes have shaped a context in
which women are often evaluated based on their physical appearance.
At the same time, Romanian public discourse continues to reflect
patriarchal expectations and sexualized portrayals of women. Scholars
have highlighted how patriarchal ideologies are sustained through
norms and imagery that reinforce traditional roles and the
objectification of women (27, 28). For example, Kaser (29) notes the
frequent use of overtly sexualized representations of women in
Romanian media, while Frunza et al. (30) document the use of
hypersexualized imagery in advertising. These dynamics contribute to
a socio-cultural environment in which women’s appearance is
emphasized and objectifying messages are normalized.

One psychological variable that has received attention in
relation to body image is body image flexibility, a construct
grounded in Acceptance and Commitment Therapy (31). It refers
to an individual’s capacity to experience negative body-related
thoughts and emotions without attempting to suppress or change
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them (32). Individuals with high body image flexibility can respond
to these experiences with openness and self-compassion rather than
avoidance or criticism (33, 34). This construct has been studied in
connection with body image difficulties (35) and disordered eating
(36). A systematic review by Rogers et al. (37) identified associations
between body image flexibility and lower levels of eating disorder
symptoms, appearance concerns, and psychological distress, as well
as higher levels of intuitive eating and self-compassion. It has also
been examined as a mediator between negative emotional
experiences and behavioral outcomes such as binge eating and BMI
(38), and in relation to body appreciation among women with low
BMI (39). Webb (40) found that body image flexibility partially
explained the relationship between body dissatisfaction and body
appreciation. In the context of objectification, Huang et al. (41)
showed that body image inflexibility mediated the relationship
between self-objectification and the intention to undergo cosmetic
surgery. Individuals with lower body image flexibility may respond
to body-related distress through maladaptive coping strategies,
including cosmetic surgery, as a way to reduce unfavorable
comparisons and internal discomfort (42).

A second construct of interest in this study is intuitive eating,
which refers to eating based on internal physiological cues rather than
external or emotional ones (43). The model includes four components:
unconditional permission to eat, eating for physical rather than
emotional reasons, reliance on internal hunger and fullness cues, and
making food choices in line with the body’s needs (44, 45). Intuitive
eating has been associated with lower engagement in unhealthy
dietary behaviors and eating disorder symptoms (46-48), reduced
pressure to maintain a thin ideal (49, 50), and more positive body
image (51-54). Other findings point to associations with higher well-
being and lower BMI (55, 56). Although intuitive eating has been
associated with constructs relevant to objectification theory, including
lower body surveillance, reduced internalization of appearance ideals,
and greater body appreciation (57, 58), its mediating role in the link
between objectification and cosmetic surgery interest remains
unexplored. Additionally, intuitive eating has been found to
be negatively associated with objectification experiences (59, 60),
suggesting its potential relevance in understanding appearance-related
investment behaviors.

Considering the broader cultural context characterized by
persistent patriarchal influences and the hypersexualization of
women documented in Romania (29, 30), alongside the potential
protective roles of body image flexibility and intuitive eating, the
present study examines whether these constructs mediate the
relationship between objectification and the desire to undergo
cosmetic surgery. Building on the findings of Huang et al. (41), this
study includes both body image flexibility and intuitive eating as
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parallel mediators. In addition, we examine three specific outcomes:
intrapersonal reasons for cosmetic surgery, social reasons, and future
consideration. To our knowledge, no prior study has investigated
these mediators simultaneously within a Romanian sample. The
proposed mediation models and hypotheses are presented in
Figure 1.

Hla. Higher levels of body objectification are expected to
be associated with lower levels of body image flexibility, which in
turn may be related to a stronger intrapersonal desire to undergo
cosmetic surgery.

H2a. Higher levels of body objectification are expected to
be associated with lower levels of body image flexibility, which in
turn may be related to a stronger social desire to undergo
cosmetic surgery.

H3a. Higher levels of body objectification are expected to
be associated with lower levels of body image flexibility, which in
turn may be related to a greater likelihood of considering cosmetic
surgery in the future.

H1b. Higher levels of body objectification are expected to
be associated with lower levels of intuitive eating, which in turn
may be related to a stronger intrapersonal desire to undergo

10.3389/fnut.2025.1537433

H2b. Higher levels of body objectification are expected to
be associated with lower levels of intuitive eating, which in turn
may be related to a stronger social desire to undergo
cosmetic surgery.

H3b. Higher levels of body objectification are expected to
be associated with lower levels of intuitive eating, which in turn
may be related to a greater likelihood of considering cosmetic

surgery in the future.

Materials and methods
Participants

The sample consisted of 555 female participants aged between
18 and 79 years (M =29.61; SD =13.396). Of these, 69.91%
identified as belonging to the ethnic majority, which in the
Romanian context refers to ethnic Romanians. A total of 15.32%
identified as belonging to an ethnic minority, and 14.77% did not
give an answer to the ethnicity item. Participants were asked to
indicate whether they belonged to an ethnic majority or an ethnic
minority based on predefined response options. These options did
not include specific categories for ethnic minority groups. This
design choice aimed to maintain participant anonymity and reduce

cosmetic surgery. potential discomfort associated with disclosing sensitive
Acceptance of Cosmetic
Surgeries for
Intrapersonal Reasons
Intuitive
Eating
Acceptance of
Cosmetic Surgeries for
Body Social Reasons
Objectification
Body Image
Flexibili
Acceptance of Cosmetic
Surgeries - Future
Consideration of Cosmetic
Surgeries
H1A: Body Objectification -> Body Image Flexibility -> Acceptance of Cosmetic Surgeries for Intrapersonal R
HI1B: Body Objectification > Intuitive Eating -> Acceptance of Ci ic § for I | Reasons

)

H3A: Body Objectification -> Body Image Flexibility -> A of Cosmetic §

H2A: Body Objectification > Body Image Flexibility -> Acceptance of Cosmetic Surgeries for Social Reasons
H2B: Body Objectification > Intuitive Eating -> Acceptance of Cosmetic Surgeries for Social Reasons

fio &

of C

- Future C

- Future Consideration of Cosmetic Surgeries

H3B: Body Objectification -> Intuitive Eating > Accep e

id of Ci ic Surgeries

FIGURE 1

dimensions of cosmetic surgery acceptance (ACSS).

Parallel mediation models illustrating the hypothesized relationships between body objectification, intuitive eating, body image flexibility, and
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identity-related information (61). Regarding education, 42.34%
identified as students, 29.01% had completed undergraduate
studies, 14.05% had completed secondary education, 13.33% had
completed postgraduate studies, and 0.90% had completed primary
education. In terms of marital status, 37.66% reported being in a
non-marital relationship, 36.94% reported being single, 22.88%
reported being married, and 0.72% reported being divorced
or widowed.

Measures

Intuitive Eating was measured using the Intuitive Eating Scale-2
(IES-2; (62)), in its version validated for the Romanian population
(63). The scale consists of 23 items assessing the presence of this
behavior in participants’ daily lives on a Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). The internal consistency of
the scale in the current study was 0.91, 95% [CI = 0.90, 0.92].

Body Image Flexibility. The Body Image-Acceptance and Action
Questionnaire (BI-AAQ; (32)) was used to measure this variable. The
questionnaire consists of 12 items that assess various indicators related
to body image, such as body image flexibility and the ability to
experience and accept thoughts, beliefs, and feelings about oné’s body.
Items are rated on a Likert scale from 1 (never true) to 7 (always true),
with the total score calculated by summing responses to all items.
Items reflecting inflexibility were reverse-coded, so higher scores
indicate greater body image flexibility. The scale demonstrated an
internal consistency of 0.94, 95% [CI = 0.93, 0.95].

Interest in Cosmetic Surgery was assessed using the Acceptance of
Cosmetic Surgery Scale (64), in its version validated for the Romanian
population (65). The scale comprises 15 items measured on a Likert
scale from 1 (strongly disagree) to 7 (strongly agree), investigating
respondents’ attitudes toward cosmetic surgery as well as their self-
reported likelihood of undergoing such procedures in the future. The
three subscales corresponding to the factors identified in the
psychometric validation on the Romanian population demonstrated
the following internal consistencies in the current study: ACSS -
Intrapersonal: 0.90, 95% [CI = 0.88, 0.91]; ACSS - Social: 0.86, 95%
[CI = 0.83, 0.88]; ACSS — Consider: 0.93, 95% [CI = 0.91, 0.94].

Body Objectification was measured using the Objectified Body
Consciousness Scale (OBCS; (66)), which consists of 24 items
assessing womenss attitudes toward their bodies in relation to cultural
beauty standards. The scale includes three subscales (Body
Surveillance, Body Shame, and Control), with items rated on a Likert
scale from 1 (strongly disagree) to 7 (strongly agree). Scores are
calculated by summing the responses within each subscale and across
the entire scale, with higher scores indicating higher levels of the
measured constructs. The scale demonstrated an internal consistency
0f 0.79, 95% CI [0.76, 0.82].

Since no validated Romanian versions were available, the
Objectified Body Consciousness Scale (OBCS) and the Body Image-
Acceptance and Action Questionnaire (BI-AAQ) were translated
using the 5-step adaptation procedure recommended by Beaton et al.
(67). This included forward translation, synthesis, back-translation,
expert committee review, and informal testing on a small group of
Romanian women to ensure clarity and semantic accuracy. The final
versions demonstrated good internal consistency (Cronbach’s & = 0.79
for the OBCS and a = 0.94 for the BI-AAQ).
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Procedure

Prior to conducting this research, ethical approval was obtained
from the Ethics Committee of West University of Timisoara (approval
code: 88120/23.11.2023). The study was conducted in accordance with
the principles of the Declaration of Helsinki.

Participants were recruited using a non-probability snowball
sampling method, which was appropriate given the exploratory nature
of the study and the lack of access to a centralized sampling frame for
Romanian adult women. The initial pool of participants was identified
through the academic and professional networks of the authors,
including university students, colleagues, and collaborators in the
fields of psychology, health, and education. The survey was hosted on
Google Forms and disseminated exclusively online.

No paid advertisements were used in the recruitment process. The
survey link was shared organically via social media platforms,
including public and private Facebook groups, discussion forums, and
mailing lists. These included communities focused on topics such as
body image, self-acceptance, and psychological well-being, as well as
general-interest groups for women. Most participants were reached
through networks centered in the Timisoara region, which likely
resulted in a sample composed predominantly of individuals from
urban areas. No data were collected regarding participants’ specific
place of residence (urban vs. rural), as the recruitment process did not
target or reach a geographically or residentially diverse population.
This strategy nevertheless allowed for broad thematic dissemination
of the study.

Potential participants were provided with detailed information
about the study requirements and were assured of data confidentiality,
anonymity, and the exclusive use of their responses for scientific
research purposes. They were also informed of the estimated time
needed to complete the survey (20-25 min) and reminded of their
right to withdraw at any time if they experienced discomfort
or distress.

Informed consent was obtained through a digital form prior to
participation. Participants then completed the anonymous
questionnaire, which included the validated scales described above.
No financial compensation was offered. Before completing the scales,
participants were asked to optionally provide their email addresses if
they were willing to be contacted for future studies. Data collection
took place between November and December 2023. Internet Protocol
(IP) addresses were verified to ensure that no participant completed
the survey multiple times.

Results
Preliminary analyses

Table 1 presents the central tendency indicators (mean and
standard deviation) for the variables included in the study. Prior to
conducting the mediation analyses, all assumptions were tested.
Linearity was assessed through scatterplots with fitted regression lines
between predictor, mediator, and outcome variables, confirming the
presence of linear relationships.

Normality of distributions was evaluated by examining skewness
and kurtosis values. As shown in Table 1, all variables exhibited values
within commonly accepted thresholds—skewness within +2 and
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TABLE 1 Cronbach’s alpha coefficient values and descriptive statistics for the analyzed variables.

Variable

Cronbach's
alpha

Minim and
maximum
possible variable
values

10.3389/fnut.2025.1537433

Skewness

Kurtosis

Body Objectification (OBCS) 0.79 97.33 24-168 17.61 0.108 0.351
Body Image Flexibility (BI-AAQ) 0.94 58.02 12-84 18.70 —0.513 —0.687
Intuitive Eating (IES-2) 0.91 83.44 23-115 15.99 —0.203 —0.516
Acceptance of Cosmetic Surgeries 0.90 21.33 5-35 7.97 —0.211 —0.666
for Intrapersonal Reasons

(ACSS - 1)

Acceptance of Cosmetic Surgeries 0.86 17.74 5-35 9.01 0.151 —1.184
for Social Reasons (ACSS - S)

Acceptance of Cosmetic 0.93 14.72 5-35 7.10 0.660 —0.198
Surgeries, future consideration of

cosmetic surgeries (ACSS - C)

M, Mean; SD, Standard Deviation; ACSS - I, Acceptance of Cosmetic Surgeries for Intrapersonal reasons; ACSS - S, Acceptance of Cosmetic Surgeries for Social reasons; ACSS - C,
Acceptance of Cosmetic Surgeries, future consideration of cosmetic surgery.

TABLE 2 Intercorrelations among study variables.

Variable OBCS BI-AAQ IES-2 ACSS - | ACSS - S ACSS -C
OBCS —0.62%* ~0.50%* 0.22%% 0.35%% 0.28%*
BI-AAQ 0.60%* ~0.16%* —0.33%% —0.32%%
IES-2 ~0.09* —0.25%% —0.21%%
ACSS - 1 0.75%% 0.67%*
ACSS -S 0.73%*
ACSS-C

##p < 0.01, *p < 0.05; OBCS, Body Objectification; BI-AAQ, Body Image Flexibility; IES-2, Intuitive Eating; ACSS - I, Acceptance of Cosmetic Surgeries for Intrapersonal reasons; ACSS - S,
Acceptance of Cosmetic Surgeries for Social reasons; ACSS - C, Acceptance of Cosmetic Surgeries, future consideration of cosmetic surgery.

kurtosis within +7—based on guidelines drawn from applied
psychometric literature (68, 69). Regardless of the guideline applied,
our variables met the criteria for acceptable normality.
Homoscedasticity was tested through the visual inspection of residual
scatterplots, which showed no pattern indicating heteroscedasticity.
These results support the robustness of the regression-based mediation
approach used in this study. Additionally, we examined the potential
for multicollinearity between the two mediators—intuitive eating and
body image flexibility. The Pearson correlation coefficient between
them was r = 0.60, p < 0.001, indicating a moderate relationship that
does not exceed conventional thresholds for multicollinearity
concerns (r > 0.70; (70, 71)). To further ensure the robustness of the
model, Variance Inflation Factor (VIF = 1.587) and Tolerance (0.630)
values were calculated in SPSS, both falling within acceptable limits
(VIF <5, Tolerance > 0.10; (72)). These results confirm that
multicollinearity was not present and that the two mediators
contributed distinct information to the analysis. Significant
correlations were observed among all study variables (See Table 2).

A parallel mediation model was constructed, in which each of the
three factors of the ACSS scale (Intrapersonal, Social, and Consider)
was treated as the dependent variable in turn. Scores on the body
image flexibility and intuitive eating scales were considered mediators,
while body objectification was treated as the independent variable.
Model 4 of the PROCESS extension, version 4.2 for SPSS (73), was
used for the analysis.

Frontiers in Nutrition

To account for the influence of extraneous variables, age,
educational status, ethnicity, relationship status, and body mass index
were controlled as covariates in each analyzed model. Following
Hayes’s (113) recommendation, the bootstrap sample size was set at
10,000, with a 95% confidence interval in PROCESS to ensure the
stability of each proposed mediation model. A statistically significant
effect was noted when 0 was not included within the confidence
intervals (74). In this study, effect sizes were evaluated through
standardized regression coeflicients (f) and indirect effects with 95%
bias-corrected bootstrap confidence intervals, consistent with the
recommendations for mediation analysis.

Testing parallel mediation models

The first parallel mediation model was constructed with body
objectification as the independent variable, intuitive eating and body
image flexibility as mediators, and the desire to undergo cosmetic
surgery for intrapersonal reasons as the dependent variable. Age,
educational status, ethnicity, relationship status, and body mass index
were included as covariates and controlled for in the analysis. Body
objectification was negatively associated with body image flexibility
(p=—0.55, p < 0.01). However, no significant association was found
between body image flexibility and the desire to undergo cosmetic
surgery for intrapersonal reasons (f = —0.08, p = 0.169). Mediation
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analysis indicated that body image flexibility did not mediate the
relationship between body objectification and the desire to undergo
cosmetic surgery for intrapersonal reasons [indirect effect 1 = 0.04,
CIs = (—0.02, 0.01)]. Similarly, body objectification was negatively
associated with intuitive eating (f=—0.44, p <0.001), but no
significant association was found between intuitive eating and the
desire to undergo cosmetic surgery for intrapersonal reasons (ff = 0.03,
p = 0.578). Thus, intuitive eating also did not mediate the relationship
between body objectification and the desire to undergo cosmetic
surgery for intrapersonal reasons [indirect effect 2=-0.01,
CIs = (—0.06, 0.03)]. A positive direct relationship was observed
between body objectification and the desire to undergo cosmetic
surgery for intrapersonal reasons (f = 0.06, p < 0.05), with a total
effect of = 0.08, p < 0.01.

The second parallel mediation model was constructed with body
objectification as the independent variable, intuitive eating and body
image flexibility as mediators, and the desire to undergo cosmetic
surgery for social reasons as the dependent variable. Age, educational
status, ethnicity, relationship status, and body mass index were again
included as covariates. Body objectification was negatively associated
with body image flexibility (= —0.55, p < 0.001), and body image
flexibility was negatively associated with the desire to undergo
cosmetic surgery for social reasons (ff = —0.16, p < 0.01). Mediation
analysis revealed that body image flexibility mediated the relationship
between body objectification and the desire to undergo cosmetic
surgery for social reasons [indirect effect 1 = 0.09, ClIs = (0.02, 0.16)].
Meanwhile, body objectification was negatively associated with
intuitive eating (# = —0.44, p < 0.001), but no significant association
was found between intuitive eating and the desire to undergo cosmetic
surgery for social reasons (# = —0.04, p = 0.390). Thus, intuitive eating
did not mediate the relationship between body objectification and the
desire to undergo cosmetic surgery for social reasons [indirect effect
2=10.02, CIs = (—0.03, 0.07)]. Given the positive association between
body objectification and the desire to undergo cosmetic surgery for
social reasons (ff = 0.09, p < 0.01), it can be concluded that body image
flexibility partially mediates this relationship. The total effect was
B =0.15, p <0.001, and the total indirect effect was also significant
[indirect total = 0.11, CIs = (0.05, 0.18)].

The third parallel mediation model was constructed with body
objectification as the independent variable, intuitive eating and body
image flexibility as mediators, and the likelihood of undergoing
cosmetic surgery in the future as the dependent variable. Age,
educational status, ethnicity, relationship status, and body mass index
were included as covariates and controlled for in the analysis.

Body objectification was negatively associated with body image
flexibility (= —0.55, p <0.001), and body image flexibility was
negatively associated with the likelihood of undergoing cosmetic
surgery in the future (f=-0.28, p <0.001). Mediation analysis
indicated that body image flexibility mediated the relationship
between body objectification and the likelihood of undergoing
cosmetic surgery in the future [indirect effect 1=0.15,
CIs = (0.09, 0.22)].

Simultaneously, body objectification was negatively associated
with intuitive eating (f = —0.44, p < 0.001), but no significant
association was found between intuitive eating and the likelihood
of undergoing cosmetic surgery in the future (f=-0.01,
p = 0.728). Thus, intuitive eating did not mediate the relationship
between body objectification and the likelihood of undergoing
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cosmetic surgery in the future [indirect effect 2 =0.001,
CIs = (—0.03, 0.05)].

Since no direct associations were found between body
objectification and the likelihood of undergoing cosmetic surgery in
the future (= 0.04, p > 0.05), it can be concluded that body image
flexibility fully mediates the relationship between the two variables.
The total effect was ff = 0.10, p < 0.001, and the total indirect effect was
also significant [indirect total = 0.16, CIs = (0.09, 0.23)].

Discussion

The objective of this study was to examine whether body image
flexibility and intuitive eating mediate the association between body
objectification and the desire to undergo cosmetic surgery for
intrapersonal and social reasons, as well as the likelihood of pursuing
such interventions in the future, within an exclusively female
population in Romania.

Across all tested models, body objectification was negatively
associated with intuitive eating. Intuitive eating showed negative, yet
non-significant, associations with the desire to undergo cosmetic
surgery for social reasons and future intentions, and a positive,
non-significant association with the intrapersonal motive.
Consequently, intuitive eating did not emerge as a significant mediator
in any of the proposed models.

This outcome may be understood in light of previous findings,
which primarily link intuitive eating to eating behaviors and disorders
(46-48). Individuals who engage in intuitive eating rely on
physiological hunger and satiety cues to guide their food-related
decisions (75). Moreover, intuitive eating is a relatively new concept,
positioned as a psychologically adaptive strategy when compared to
emotional or restrictive eating patterns (76), which are reportedly
more prevalent among the Romanian population (77, 78).

Given the inconsistent levels of nutritional education in
Romania (63, 79), it is plausible that participants were unfamiliar
with this approach or less inclined to associate it with body-
related investment strategies such as cosmetic surgery. It is also
possible that intuitive eating, when employed, is more often linked
to non-invasive appearance regulation behaviors such as healthy
eating (80), gym participation (81), or maintaining a toned
physique (82). Although intuitive eating was not found to be a
significant mediator in the current study, this finding does not
necessarily imply that the construct is irrelevant to appearance-
related investment behaviors. While the mean score on the
intuitive eating scale was above the minimum, suggesting some
familiarity or openness to the construct, this does not guarantee
consistent behavioral application or deep internalization of
intuitive eating principles. As Avalos and Tylka (57) noted,
intuitive eating is a multifaceted construct that requires both body
trust and attitudinal alignment—not merely occasional reliance
on hunger cues. In the Romanian cultural context, where
appearance-focused norms and diet culture remain prevalent (63,
79), it is plausible that intuitive eating is not as deeply rooted or
practiced as in populations where it has been more widely
promoted or studied. Consequently, even moderate levels of
intuitive eating may not be sufficient to act as a protective factor
against objectification-related cosmetic surgery motivations in
this sample (57). Future research using qualitative methods or
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subscale-level analysis could help clarify how intuitive eating is
expressed and internalized in such cultural contexts.

Regarding body image flexibility, this construct was consistently
and negatively associated with body objectification in all three models.
Significant negative associations were also found between body image
flexibility and the desire to undergo cosmetic surgery for social
reasons and future intentions. The association with intrapersonal
desire was negative but not statistically significant. As such, body
image flexibility significantly mediated two of the three
relationships tested.

These findings are consistent with prior research highlighting
body image flexibility as a protective psychological resource. One
possible explanation for these results lies in the social interaction
model of objectification, which posits that individuals weigh the costs
and benefits of objectifying interactions within patriarchal structures
that grant men greater power and reduce women to bodily attributes
(83). While men are known to objectify women through suggestive
comments and gazes (84), women also engage in self-objectification
through strategies such as provocative dress (85) or curated online
appearances (86).

In this context, Romania remains shaped by persistent patriarchal
norms and post-communist gender expectations (87). Following
Romania’s accession to the European Union and neoliberal transitions,
women have increasingly been positioned as hyper-feminine,
sexualized subjects, especially in the media (28, 88, 89). The present
findings align with these cultural patterns, suggesting that cosmetic
surgery motivations may be rooted in sociocultural dynamics that
reinforce appearance-based worth.

Theoretical frameworks such as self-verification (90), symbolic
self-completion (91), and self-affirmation theory (92) further explain
how individuals pursue identity-consistent behaviors. When
objectification is normalized and perceived as socially rewarding,
women may engage in body-altering practices as a means of
reinforcing their self-image and gaining social validation (93).

These dynamics may help explain why lower levels of body image
flexibility were associated with cosmetic surgery motivations,
particularly for social reasons and future intentions. Recent studies
have emphasized how social media environments amplify these
pressures by promoting narrow beauty ideals and appearance-based
comparison. Zaharia and Gonta (94) demonstrate that exposure to
idealized body representations on social platforms contributes to
internalization of unrealistic esthetic standards, body dissatisfaction,
and compensatory behaviors aimed at reducing the gap between
actual and ideal appearance. Similarly, Arab et al. (95) found that
viewing cosmetic surgery-related content online and comparing
oneself to influencers significantly increases the likelihood of
considering cosmetic procedures, often driven by perceived social
expectations rather than intrinsic desire. Franchina and Lo Coco (96)
further argue that even positive social media feedback may reinforce
body monitoring and concern, as individuals internalize the idea that
their appearance is continuously evaluated. Taken together, these
findings suggest that the pursuit of cosmetic enhancement is not
merely esthetic, but reflects a deeper social logic of validation,
symbolic affirmation, and identity maintenance. In contrast, the
intrapersonal pathway was not statistically significant, potentially
because such motivations relate more to self-worth and internal
validation, which may not be fully captured by body image flexibility
alone (97).
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The desire to enhance physical appearance may also be fueled by
broader interpersonal concerns, such as partner retention strategies
(98-100) or intrasexual competition (101, 102). Previous research
indicates that women may be more likely to invest in appearance-
enhancing behaviors when competing for male attention (103).

Finally, our results complement those of Huang et al. (41), who
found that body image inflexibility mediates the relationship between
self-objectification and cosmetic surgery interest. Individuals with low
flexibility may rely on maladaptive coping strategies to manage body-
related distress and unfavorable comparisons (42), including cosmetic
procedures aimed at restoring perceived body control and social value.

Limitations and future research

The primary limitation of this study lies in its cross-sectional
design, which does not allow for causal inferences. Longitudinal or
experimental intervention studies are needed to examine how these
variables change over time and to explore the potential of intuitive
eating and body image flexibility as protective and adaptive factors in
the relationship between objectification and the desire to undergo
cosmetic surgery.

Another limitation concerns the composition of the sample. Most
participants were recruited from the Timisoara region, which may
reduce the geographical and cultural variability within the sample.
Additionally, information regarding the participants’ residential
environment (urban vs. rural) was not collected, although the
recruitment methods likely reached predominantly urban individuals.
These factors limit the generalizability of the findings to women from
other regions of Romania or from rural settings, where sociocultural
attitudes toward body image and cosmetic surgery may differ.

An additional limitation concerns the recruitment strategy.
Participants were recruited online, primarily through Facebook
groups oriented toward themes such as body image, self-acceptance,
psychological wellbeing, or general womens interests. Although the
study invitation was framed broadly and did not explicitly mention
cosmetic surgery or related constructs, it is possible that individuals
already invested in appearance-related issues were more likely to
participate. This self-selection may limit the generalizability of the
findings to the broader female population, particularly to women who
are less engaged with appearance or body image topics. Future
research should consider broader and more diverse recruitment
strategies to minimize potential sampling biases.

Furthermore, although the study included a wide age range of
participants (18-79 years), the majority were younger women, with a
mean age of 29.61 years. Age was statistically controlled for in all
analyses to minimize potential confounding; however, objectification
experiences and attitudes toward cosmetic surgery may vary across
developmental stages. Therefore, future research could benefit from
stratified analyses or targeted recruitment to explore age-specific
patterns. Such investigations may help clarify whether the
psychological mechanisms identified in this study operate differently
across early, middle, and later adulthood.

Additionally, a limitation of the current study is the lack of
detailed information regarding the specific composition of the ethnic
minority group(s). Although ethnicity was controlled for in the
analyses, the use of general ethnic categories (“majority” vs.
“minority”) limits the possibility of exploring within-group differences
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among minority participants. Future research may benefit from
including more granular ethnic identification, provided confidentiality
can be ensured.

Moreover, the present study did not examine the specific
motivations underlying participants’ interest in cosmetic surgery
beyond the three general dimensions assessed (intrapersonal, social,
and future intention). It is possible that intuitive eating may be more
or less relevant depending on the reason for pursuing surgery—for
example, motivations driven by body dissatisfaction may relate
differently to eating behaviors than those rooted in social approval or
appearance enhancement. Additionally, the study did not assess
which specific body areas participants were interested in modifying
through cosmetic surgery (e.g., face, breasts, and body fat). This
distinction may be important, as dissatisfaction with weight-related
areas could be more closely linked to eating behaviors and intuitive
eating than dissatisfaction with features less influenced by weight.
Future research should incorporate assessments of the targeted body
areas to better understand how different types of appearance
concerns may interact with psychological factors such as
intuitive eating.

Another methodological consideration concerns the inclusion of
body mass index (BMI) as a covariate in all mediation models.
Although BMI was not a primary variable of interest, it has been
associated in prior research with both objectification experiences and
body image-related outcomes, including appearance investment and
cosmetic surgery intentions. Therefore, we included it to statistically
adjust for its potential confounding influence on the relationships
under investigation. Similar analytic choices have been reported in
previous studies examining body image and esthetic attitudes (104-
106). However, we acknowledge the ongoing debate in the literature
regarding the role of BMI as a potential mediator or collider variable
in appearance-related research. Future studies might consider
modeling BMI differently or comparing models with and without BMI
as a covariate to better understand its function within these
psychological processes. Sensitivity analyses were also conducted
excluding BMI as a covariate. These analyses indicated that the
exclusion of BMI did not substantively alter the direction, significance,
or interpretation of the direct and indirect effects observed in
the study.

Finally, all research instruments were self-report scales, which
may introduce response bias due to the inability to control factors
specific to the respondents (e.g., their level of motivation to respond,
providing answers inconsistent with reality to appear
socially desirable).

In future research, it would also be valuable to explore other
psychological factors that may mediate or moderate the relationship
between self-objectification and the desire to undergo cosmetic
surgery. Variables such as self-esteem (107), body dysmorphic
disorder symptoms (108), and perfectionism (109) have been
associated with body image disturbances and esthetic investment. For
instance, Mancin et al. (108) found that individuals with higher levels
of body dysmorphic disorder symptoms were more likely to engage in
photo-related behaviors, such as frequent photo editing or sharing,
which reflect heightened appearance concerns and may be linked to
motivations for cosmetic procedures. Incorporating such constructs
into future models could provide a more comprehensive
understanding of the psychological mechanisms underlying body-
related distress and the interest in cosmetic surgery.
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Moreover, although this study tested three separate mediation
models using different dependent variables, we did not apply formal
correction procedures for Type I error (e.g., Bonferroni). Each model
was theory-driven and addressed a distinct dimension of cosmetic
surgery motivations. As Hayes (73) notes, applying overly strict
correction methods in theoretically grounded models can
unnecessarily inflate the risk of Type II errors. Additionally, the use of
10,000 bootstrap resamples offers a robust method for estimating
indirect effects, reducing the likelihood of spurious findings. Future
research may benefit from replication using preregistered designs or
confirmatory models in independent samples.

Theoretical and practical implications

This study underscores the importance of integrating cultural
context when examining the psychological mechanisms linking body
objectification to cosmetic surgery motivations. Rather than
attempting to validate an existing theoretical model, our aim was to
explore the applicability of concepts such as body image flexibility and
intuitive eating within a Romanian sample—a population
underrepresented in this area of research. Given Romania’s distinct
sociocultural backdrop, shaped by both patriarchal values and post-
communist gender dynamics, we argue that theoretical frameworks
developed in Western contexts may not generalize seamlessly across
cultures. As such, testing whether these mechanisms operate similarly
in non-Western or transitional societies is a necessary step toward
building culturally sensitive models of appearance-related investment.
Given Romania’s specific sociocultural context, including its evolving
post-communist identity and the influence of traditional gender
expectations, the use of culturally adapted and semantically coherent
measures is essential (110). This ensures that psychological constructs
retain their theoretical integrity across languages and contexts. Our
findings offer preliminary insights into how these psychological
constructs manifest in a Romanian context and highlight the need for
further cross-cultural investigations.

At the same time, psychotherapists, counselors, and school
psychologists can develop prevention, psychoeducation, and
intervention programs to emphasize the negative aspects of
objectification in societies where such behavior is normalized. In this
context, effective communication strategies are essential to ensure that
messages related to body functionality, self-acceptance, and intuitive
eating are accessible and impactful (111). Children and adolescents
can thus learn from an early age to appreciate their bodies for their
functionality rather than what they can offer to others. Educating
individuals about intuitive eating can serve as a valuable starting point
for fostering a positive relationship with their bodies. However, it is
important to note that, in the present study, intuitive eating did not
emerge as a significant mediator, and thus these recommendations
should be considered preliminary and subject to further empirical
validation in future research.

Conclusion

In a society that normalizes objectification and places significant
emphasis on physical appearance, it is crucial to investigate factors
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that can counteract the harmful effects of these behaviors. Promoting
a positive relationship with one’s body by appreciating it for its
functionality and fostering trust in the signals it provides regarding its
needs can serve as precursors to enhanced psychological and physical
well-being.
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Background: Studies have shown that patients with obesity appear to be more
susceptible to food addiction than the general population. Bariatric surgery
stands as the most potent remedy for combating obesity, and it is believed to
alleviate the manifestations of food addiction. However, the timing of bariatric
surgery to improve food addiction has seldom been the focus of attention.
Methods: In this research, 78 individuals who underwent bariatric surgery were
tracked over a period of 2 years. The Yale Food Addiction Scale 2.0 (YFAS 2.0) was
employed to assess changes in food addiction tendencies post-surgery. Mixed
linear modeling and cluster analysis were applied to investigate the timing of
influence of bariatric surgery on the evolution of sub domains of food addiction.
Results: We found that: (1) Bariatric surgery significantly reduces food addiction
scores; (2) Bariatric surgery rapidly reduces food addiction scores within first
month of surgery and extends to 2 years after surgery; (3) Symptoms in the
YFAS 2.0 could be divided into two domains (rapid decline / slow decline) based
on their progression following surgery. Rapid decline domain experience rapid
improvement shortly (usually 1st month) after the bariatric surgery and maintains
a consistently low symptom level, while the slow decline domain improves
slowly (usually 4th month) in the post-operative phase.

Discussion: Bariatric surgery induced rapid and sustained remission of food
addiction, significantly reducing total food addiction scores within 1 month
postoperatively. The effects maintained through 24 months, potentially through
neurophysiological and gut microbiota alterations. Despite rapid remission of
most food addiction symptoms, social/interpersonal problems, hazardous use,
and large amount/longer showed delayed improvement, suggesting distinct
behavioral persistence mechanisms.

Conclusion: Food addiction scores can rapidly decline postoperatively and
remain consistently lower. However, bariatric surgery does not fully improve
all addiction symptoms at the 1st month. This suggests the importance of
establishing multidisciplinary clinics in bariatric metabolic surgery.

KEYWORDS

food addiction, bariatric surgery, YFAS 2.0, mixed linear model, cluster analysis
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Introduction

Obesity is a pervasive and costly public health crisis (1), with
higher prevalence of complications such as psychological disorders,
such as anxiety (2), depression (3) and eating behavior disorders (4,
5). Bariatric surgery is the most effective form of treatment for patients
with severe obesity and associated complications (6). However, not all
those who have bariatric surgery can solve these complications,
especially complex eating behavior disorders. Such as food addition,
anorexia, bulimia, before and after surgery, can lead to weight regain
and associated mental health challenge (7).

Food addiction as a complex multifactorial eating behaviors
disorder has high prevalence in obesity and may be improved by
bariatric surgery (8, 9). According to a recent meta-analysis, the
prevalence of food addiction in individuals with obesity could be as
high as 32%, while between 2 and 12% of healthy individuals are
affected by food addiction (10). Even adjusting for health factors (such
as smoking, substance use and physical activity), food addiction still
showed a significant association with obesity (11-13). A prospective
study has shown that food addiction can be reduced by bariatric
surgery, with prevalence rates decreasing from 57.8% preoperatively
to 7.2 and 13.7% at the 6 and 12-month postoperative time points,
respectively (14). It has also been observed clinically that in the early
post-operative period after bariatric surgery (within 6 months), there
is acute improvements in eating behaviors (15, 16). However, the
situation of how food addiction continues to change after surgery has
not been explicitly explored due to the lack of high temporal frequency
and long cohort studies.

Food addiction can be characterized by a lack of control over food
intake, strong appetite, excessive food consumption despite negative
health or social consequences, and repeated unsuccessful attempts to
control intake (17) and divided into eleven different symptoms, each
of which describes an addictive behavior with different positivity rate
by the Yale Food Addiction Scale 2.0 (YFAS 2.0) (18). Symptoms of
food addiction are different, some are better recognized, such as
behavioral signs, and some are not so well recognized, such as social
relationships, which are often difficult to intervene in. A recent study
has shown that the most endorsed symptom is the symptom ‘large
amount / longer’ (19) as a common phenomenon among people with
obesity (20), which was defined as substance taken in larger amount
and for longer period than intended by YFAS 2.0. Its discrimination
parameter remains high, indicating its relatively good ability to
delineate individuals who are higher on the latent trait (19). In
contrast, Mohsen Saffari considered ‘social/interpersonal problems’ as
the most adopted symptom (21), which represented continued
consumption despite social or interpersonal problems. While there
was another result that the symptom ‘hazardous use, which
represented food use in physically hazardous situation, had a scarcity
of endorsement and the lowest discrimination parameter indicating a
poor ability to delineate individuals who are higher vs. lower on the
latent trait (19). Consequently, the symptom ‘hazardous use’ may not
be improved or improved slowly after people with obesity lose weight
through bariatric surgery. There are also previous researches which
mentioned that the ‘persistent desire or repeated unsuccessful
attempts to quit’ symptom is the most commonly recognized criterion
(22, 23). These studies have collectively concluded that self-reported
food addiction has different rates of positivity for different symptoms.
Although the identification of symptoms of food addiction varies
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among subjects, there is a lack of nooses regarding whether different
symptoms of food addiction are equally improved by bariatric surgery.
Even when the total food addiction score decreases after bariatric
surgery but these symptoms with more recognized and represented
do not improve well, people with obesity may still be suffering from
food addiction.

Because the available evidence suggests that bariatric surgery
reduces the incidence of postoperative food addiction, the symptoms
associated with eating behaviors are more readily identifiable and
ameliorated. Therefore, we hypothesized that: (1) bariatric surgery
could rapidly alleviate postoperative food addiction symptoms in
obese patients; (2) bariatric surgery is ineffective in alleviating some
of the symptoms of interpersonal problems symptoms of
food addiction.

Methods
Subjects

This study was part of a larger prospective cohort study at
Shanghai Sixth People’s Hospital. We obtained the following baseline
information before patients underwent bariatric surgery: age, years of
education, sex, body mass index (BMI), the YFAS 2.0 (food addiction
score). Based on the Chinese criteria for overweight and obesity, the
overweight or obesity (OW/OB) group comprised patients with
overweight or obesity (BMI > 26 kg/m2) who were undergoing
bariatric surgery at the Weight Loss Metabolism Clinic in Shanghai
Sixth People’s Hospital. The healthy control (HC) group comprised
individuals with healthy BMIs (18 kg/m2 < BMI < 24 kg/m2) who
were randomly recruited. Postoperative follow-up examinations were
performed at 1-month intervals until 18 months postoperatively and
then at 6-month intervals until 24 months postoperatively. All
participants had to meet the following inclusion criteria: (i) age
between 18 and 65 years, (ii) the capacity to give informed consent,
(iii) no untreated mental illness or unstable mental state, (iv) all
participants with a history of bariatric surgery, and pregnant or breast-
feeding females were excluded. The study and the survey obtained
ethics approval by the independent IRB of the authors’ institution
(Ethics Committee of Shanghai Sixth People’s Hospital, NO
2020-219-(1)).

Measurements

YFAS 2.0

The YFAS 2.0, which contained a total of 11 judgment criteria and
one clinical diagnostic criterion, was revised and published in 2016 by
Gearhardt et al. on this basis (18). The method of analysis was a
questionnaire containing personal information and the YFAS 2.0
carried out in an online platform (www.wjx.cn). The YFAS 2.0 consists
of 35 questions scored on an 8-level Likert scale ranging from 0 to 7.
It provides two scoring methods: symptom count or diagnostic
threshold. The presence of no more than one symptom or the absence
of a symptom 12 was classified as non-addiction, the presence of 2-3
symptoms and the occurrence of a symptom 12 was classified as mild
addiction, the presence of 4-5 symptoms together with the symptom
12 addiction was classified as moderate and the occurrence of more
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symptoms with 12 was classified as severe addiction. The Chinese
version of the YFAS 2.0 had good internal consistency in our study.
Cronbachs a for the YFAS 2.0 was 0.93. For convenience,
we abbreviated each symptom using one or few words. Detailed
description of the symptoms can be found in Table 1.

Statistical methods

All the statistical analyses were performed using Jamovi v2.3.16,
GraphPad v 9.4.1 and R 4.2.3. The normally distributed data were
analyzed by Student’s t-test and expressed as mean + standard
deviation. The non-normally distributed data were analyzed by the
Mann-Whitney U test and expressed as median (quartiles [P25, P75];
the sex-related characteristics of the two groups were tested by the
chi-square test).

For our primary endpoint, we conducted a mixed linear model
(MLM) using food addiction score as the dependent variable. In this
model, individual patients were included as a random effect, and the
data timepoint for YFAS 2.0 collection as fixed effects. The MLM
model was as follows:

Food addiction score ~1+time + (l | Participants)

Hierarchical clustering was performed using the Ward clustering
algorithm and separated by Euclidean distance with factors arranged
visually by time point and by groups. To assess the statistical
significance of the clustering solution, we conducted an analysis of
variance (ANOVA) to compare the means of variables across clusters.

TABLE 1 Cronbach’s a for each symptom the YFAS2.0.

Abbreviations

Subdimension (symptom)

10.3389/fnut.2025.1535911

Our results indicated significant differences (p < 0.05) in the means of
variables between clusters, supporting the validity of the
clustering solution.

The model effectively controls for baseline heterogeneity between
individuals by incorporating random intercept terms. It is suitable for
longitudinal data analysis with repeated measurements. Model
parameter estimation uses restricted maximum likelihood estimation
(REML), and statistical significance is set at a = 0.05. Model fit was
evaluated using the Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC). All statistical modeling procedures,
including model fitting and validation, were implemented using
dedicated open-source packages in R 4.4.3.

Results
Characteristics of the participants

Group comparisons of the sociodemographic characteristics; the
BMI; and the food addiction score are shown in Table 2. The OW/OB
group consisted of 78 subjects (61 females and 17 males) with a median
age of 29.12 years. The HC group consisted of 65 subjects (51 females
and 14 males) with a median age of 27.79 years. There were no
significant differences in gender (p = 0.0970) or age (27.79 [25.27, 32.90]
vs. 29.12 [24.53, 33.39], respectively; U = 2499.50, p = 0.886) between
the two groups. The BMI and food addiction score in the HC group
significantly differed from those in the OW/OB group before surgery;
specifically, the OW/OB group had higher food addiction score. The bar
chart showed that before surgery, the median food addiction score was
significantly higher in the HC than OW/OB group (1 [0, 4] vs. 9 [4.25,

Item-rest correlation If item dropped

Cronbach’s «

Large amount/longer Substance taken in larger amount and for 0.656 0.925
longer period than intended

Quit/control Persistent desire or repeated unsuccessful 0.742 0.922
attempts to quite

Time spent Much time/activity to obtain, use, recover 0.733 0.922

Activities given up Important social, occupational, or 0.675 0.924
recreational activities given up or reduced

Psychological/physical problem Use continues despite knowledge of 0.775 0.921
adverse consequences (e.g., emotional
problems, physical problems)

Tolerance Tolerance (marked increase in amount; 0.704 0.923
marked decrease in effect)

Withdrawal Characteristic withdrawal symptoms; 0.662 0.925
substance taken to relieve withdrawal

Social/interpersonal problems Continued use despite social or 0.579 0.929
interpersonal problems

Neglect role Failure to fulfill major role obligation (e.g., 0.677 0.924
work, school, home)

Hazardous use Use in physically hazardous situations 0.671 0.925

Craving Craving, or a strong desire or urge to use 0.762 0.922
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TABLE 2 Demographics of all participants.

10.3389/fnut.2025.1535911

Characteristic HC OW/OB Statistic Effect size
M (P25, P75) M (P25, P75)

Gender (M/F) 14/51 17/61 04 0.970 /

Age (years) 27.79 (25.27, 32.90) 29.12 (24.53, 33.39) 2499.50 0.886 0.04

BMI (kg/m2) 2097 £1.38¢ 38.25+5.97¢ -22.8° <0.001 —3.83¢

Education years 16 (15, 18) 15 (12, 16) 33.02 0.007 0.32

FA score 1(0,4) 9(4.25,11) 288.00 <0.001 0.734

Mild FA 1 1

Moderate FA 2 1

Severe FA 2 25

HC, healthy control; OW/OB, overweight or obesity; M, Median; P25, 25th percentile; P75, 75th percentile; p, p value; Statistic is Mann-Whitney U test; Effect Size for Mann-Whitney U test
is Rank biserial correlation. BMI conforms to the normality test, * mean + Standard deviation, * Statistic is Student’s t,  Effect size for t test is Cohen’s d; Gender used chi-squared test, ¢ statistic

is .

11], respectively; U = 288.00, p < 0.001). 34.6% of individuals in the
OW/OB group received a diagnosis of food addiction, while 7.7% of
individuals in the HC group received a diagnosis of food addiction.

Prevalence of food addiction
categorization after SG

To evaluate the assessment that SG could improve the situation of
the food addiction, the MLM was used to describe the trend of the
food addiction score, which took postoperative time as predictive
variable, the food addiction score as predicted variable, subject as
cluster. Compared with preoperative, the food addiction score of
participants significantly decreased at 1month postoperative
(t=—4.64, p <0.001), and it sustained until 24 months after bariatric
surgery (t=—6.31, p <0.001) (Figure 1; Supplementary Table SI).
Finally, 25% of individuals in the OW/OB group received a diagnosis
of food addiction at 24 months postoperative. In addition to the
preoperative comparisons, repeated comparisons were made, i.e.,
changes were compared between two adjacent time points to determine
at which postoperative time point the participants’ food addiction
improvement occurred primarily. It was found that food addiction
scores only decreased significantly in the first month postoperatively
compared to the preoperative period, and otherwise did not change
significantly compared to the previous month (Supplementary Table 52).

Analysis of standardized residuals from the model indicated
approximate normality in the overall error distribution. The residual
median was —0.0729, demonstrating near-symmetry about zero.
Interquartile ranges spanned from —0.454 (lower quartile) to 0.409
(upper quartile), satisfying the normality assumption for linear model
errors. Extreme values ranged from —3.379 to 3.891, suggesting potential
outliers. The model was estimated using restricted maximum likelihood
(REML), with convergence achieved at an objective function value of
2,207. Model fit indices yielded an AIC of 2250.97 and a BIC of 2343.02.

Response of each symptom in YFAS 2.0
after SG

In order to observe how the proportion of positive individuals for
each symptom in the YFAS 2.0 description varied, a cluster heat map
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was created based on each participant’s response to the questionnaire.
In the heat map, each row corresponds to a symptom in the YFAS 2.0
description, whereas the columns represent the various pre- and post-
operative time points. The values represented by each square are
calculated according to a generalized MLM. Increasing brightness
toward blue indicates a higher mean of possible rate, and white
indicates a lower mean of possible rate. We found that out of a total of
11 symptoms, ‘psychological/ physical problem, ‘craving) ‘quit/control,
‘time spent, ‘activities given up, ‘withdrawal, ‘tolerance, and ‘neglect
role’ showed more similar trends, ‘social/interpersonal problems,
‘large amount/longer, and ‘hazardous use’ showed more similar trends
(Figure 2).

In addition, the post-operative trends for each symptom were
represented by equations calculated from a generalized MLM and
presented as line graphs. For specific trends in each symptom, see Fig.
S1 - Fig S11 in the Supporting Materials. We found that not all
symptoms began to improve in the early postoperative period
immediately. Among the symptoms ‘large amount/longer’ (z = —0.243,
p>0.05), ‘tolerance (z=—1.10, p>0.05), ‘social/interpersonal
problems’ (z = —1.27, p > 0.05), ‘hazardous use’ (z = —1.116, p > 0.05),
there was no significant difference in the first month postoperatively
compared to preoperatively. The symptom ‘Targe amount/longer’
began to improve significantly at the second month postoperatively
(z=-2.571, p < 0.05). The symptom ‘hazardous use’ was improved
significantly at the second month postoperatively (z=—2.039,
P <0.05) compared to the preoperative, while did not differ at the
third month postoperatively (z = —0.719, p > 0.05) compared to the
preoperative. The symptom ‘social/interpersonal problems’ was
improved significantly at the second month postoperatively
(z=—2.50, p <0.05) compared to the preoperative, while did not
differ at the third month postoperatively (z=—-1.21, p>0.05)
compared to the preoperative. The symptom ‘hazardous use’ and
‘social/interpersonal problems” were both improved from 4th month
postoperatively until 24 months after bariatric surgery.

Discussion

This study sought to explore the interventional effects of bariatric
surgery on food addiction by continuous measurements at intensive
postoperative time points. Two main new findings were found: 1. Total
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Trends in food addiction score
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FIGURE 1

The trend of total food addiction score. The horizontal axis represents the post-operative follow-up time. The vertical axis represents the total score of
food addiction score. The fold line reflects the trend in food addiction scores after surgery. Significant differences (p < 0.001) for each post-operative
month compared to pre-operative.
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17 18 24
Heatmap of 11 symptoms of YFAS 2.0. The horizontal axis represents the post-operative follow-up time. The vertical axis represents 11 symptoms of
YFAS 2.0('Large amount/longer’ for substance taken in larger amount and for longer period than intended. ‘Quit/control’ for persistent desire or
repeated unsuccessful attempts to quit. ‘Time spent’ for much time/activity to obtain, use, recover. ‘Activities given up’ for important social,
occupational, or recreational activities given up or reduced. ‘Psychological/physical problem’ for use continues despite knowledge of adverse
consequences. ‘Tolerance'’ for tolerance. ‘Withdrawal' for characteristic withdrawal symptoms; substance taken to relieve withdrawal. ‘Social/
interpersonal problems’ for continued use despite social or interpersonal problems. ‘Neglect role’ for failure to fulfill major role obligation. ‘Hazardous
use'’ for use in physically hazardous situations. ‘Craving’ for craving, or a strong desire or urge to use.) The algorithm for heatmap clustering was based
on the Euclidean distance measure for similarity and Ward clustering algorithm.
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food addiction scores were substantially reduced by bariatric surgery
within 1 month postoperatively, and it could be maintained for at least
24 months postoperatively; 2. Bariatric surgery improved most of the
symptoms of food addiction in the early postoperative period,
however, it was slower to improve slow decline domain.

Bariatric surgery improves food addiction
scores

Food addiction scores started to decline already early after
bariatric surgery and leveled off afterwards. This study found that
34.6% of candidates for bariatric surgery have suffered from food
addiction and exhibited elevated addiction scores, aligning with
another observation reported by our research team (24). And it
declined to 25% 2 years postoperatively. This is in line with the results
of a recent meta-analysis shown that the absolute prevalence reduction
of food addiction was decreased after bariatric surgery. Further, the
effect was observed within 6 months of postoperative follow-up (10).
We speculate that this may be due to neurophysiology, gut microbiota
changes and eating behavior factors in the patients as a result of the
bariatric surgery.

Food addiction is largely reduced due to a restriction of the gastric
volume after bariatric surgical intervention, during which
neuromodulation and hormone regulation are stimulated. The
addiction is mediated by brain regions and neurotransmitters (25).
Bariatric surgery reduces appetite and induces psychophysiological
effects by influencing the expression of numerous brain
neurotransmitters, including dopamine, serotonin and various
neuropeptides such as neuropeptide Y, leptin, orexin, growth
hormone-releasing peptide, growth hormone-releasing factor, leptin
and glucagon-like peptide-1 levels (26). Bariatric surgery alters these
neuropeptides’ secretion, which in turn reduces the patients’ food
craving and lack of control over food intake (27, 28), important
addiction symptoms in food addiction.

Bariatric surgery affects food addiction by altering a patient’s gut
microbiota, which may in turn affect food addiction. Environmental
factors and dietary patterns have a major influence on gut microbiota
composition, and the overconsumption of highly palatable food may
promote a gut microbiota dysbiosis that has been recently proposed
to participate in the loss of eating control (29). Individuals with
obesity, which may be promoted by food addiction, showed altered
gut microbiota with a reduced diversity that facilitated energy
absorption capacity and may affect host brain function (30). In the
recent study, researchers demonstrated a translational link between
mice and humans in gut microbiome composition associated with
food addiction, supporting a link between gut microbiota and
vulnerability to this behavioral disorder (31). While bariatric surgery
affects the hosts’ metabolism by altering the gut microbiota (32) and
modulates the inflammatory response through a variety of
mechanisms that alter the patient’s physiology (33), which is a
potential way to improve food addiction.

Food addiction is clinically associated with dysregulated eating
patterns including grazing (34), emotional eating, and loss-of-control
(LOC) eating (35). Grazing, operationally defined as the persistent,
compulsive consumption of small-to-moderate food volumes without
discrete meals or temporal structure (36), constitutes a distinct yet
potentially mutually reinforcing behavioral phenotype relative to food
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addiction. Symptomatic overlap exists between grazing and food
addiction (34), postoperative grazing may attenuate weight loss
efficacy following bariatric surgery (37). Surgical gastric restriction
necessitates  structured nutritional protocols; consequently,
postoperative guidance advocates planned, repetitive meal patterns
with prescribed dietary composition. Some authorities contend that
intention-regulated eating should be nosologically distinguished from
maladaptive grazing (36). Some evidences suggests grazing incidence
may increase postoperatively despite these interventions (37, 38). This
investigation observed sustained reductions in food addiction scores
across a 24-month postoperative follow-up. Crucially, this
amelioration persisted even when accounting for putative risk factors
associated with elevated postoperative grazing prevalence. A recent
study proposed a cyclical reinforcement model wherein emotional
eating drives dysregulated consumption, precipitating loss-of-control
eating (35). Subsequent maladaptive attempts to regulate this behavior
paradoxically perpetuate and intensify food addiction. This model
emphasizes the mediating role of food-related cognitions (e.g., food
craving) in facilitating LOC episodes, establishing cognitive processes
as critical mechanisms in food addiction. Studies indicate bariatric
surgery significantly attenuates emotional and LOC eating behaviors
while enhancing cognitive restraint in candidates (39, 40). This
suggests surgical intervention may ameliorate food addiction
symptomatology through modulation of these core behavioral
pathways. Notably, a meta-analysis revealed cognitive behavioral
therapy (CBT) produces significant short-term reductions in
emotional eating post-intervention (41). However, these gains
demonstrate poor sustainability at long-term follow-up. Critically,
CBT showed no significant effects on sustained LOC improvement at
long-term follow-up. These findings remain constrained by limited
sample sizes and methodological heterogeneity, precluding definitive
conclusions regarding CBT’s long-term efficacy. This study
documented postoperative food addiction score reduction absent
concurrent CBT implementation.

Thus, the data from this study suggest that symptoms of food
addiction in patients with obesity can be ameliorated by bariatric
surgery. However, previous research on of postoperative outcomes in
early food addiction has predominantly focused on follow-up
assessments conducted beyond 3 months (42, 43). Although some
studies have employed short-term follow-up at 1 month, sequential
monthly assessments are notably lacking (44). More and longer
longitudinal studies, preferably with experimental designs with
control groups, are needed to assess the impact of bariatric surgery on
the negative effects of food addiction. In addition, we should further
investigate the mechanisms to provide a theoretical basis for finding
new treatment pathways for food addiction in the future. As for the
patients, we can better manage obesity in this population and reduce
the symptoms of food addiction in patients.

Slow improvement in symptom ‘social/
interpersonal problems’, ‘hazardous use’
and ‘large amount/longer’

All eleven symptoms can be classified into two domains based on
postoperative trends, with the first domain improving rapidly
postoperatively and the second domain improving slowly
postoperatively. The rapid decline domain includes ‘psychological/
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physical problem, ‘craving) ‘quit/control, ‘time spent, ‘activities given
up, ‘withdrawal, ‘tolerance, and ‘neglect role’; the slow decline domain
includes ‘social/interpersonal problems, ‘large amount/longer, and
‘hazardous use. The slowest improvement after surgery is seen in
‘social/interpersonal problems.

Subjects are sensitive to the social and psychological problems
caused by food addiction. The highest number of subjects (40/46)
suffered from this problem before surgery, and the tendency to decline
after surgery was moderate compared to other symptoms. It was
obvious that the symptom for persistent desire or repeated
unsuccessful attempts to quit was reduced by bariatric surgery rapidly
in the early post-operative period. No previous study has followed up
so intensively after surgery and analyzed serial changes in different
symptoms. Patients involved in bariatric surgery are obese, a group of
patients who face physical impairment, mobility difficulties, low self-
esteem or self-control, and illnesses associated with negative body
imagery (45, 46). Women may also be more concerned about aesthetic
issues and may refuse and not want to disclose their weight. Whereas
patients with obesity are often unable to perceive their weight
correctly, even after bariatric surgery, patients seem unable to
recognize changes in body image following significant weight loss
(45). This can lead to patients refusing to participate in social activities
for fear of overeating in front of their loved ones or friends, even
though they have lost weight after bariatric surgery. This also explains
why ‘social/interpersonal problems’ in the YFAS 2.0 is relatively slow
to improve after surgery. A better understanding of this unique
postoperative symptom may help to elucidate the underlying
biological and psychological bases associated with these more severe
symptoms, especially after bariatric surgery.

‘Hazardous use’ symptom is slow to improve and tend to rebound
after bariatric surgery. ‘Hazardous use’ is the behavior of eating certain
foods even when individuals know it was physically dangerous (such
as eating sweets even with diabetes), which is one of the main
symptoms of food addiction. Some studies have found that over time,
cravings for sweets no longer differ from pre-operative (47). We advise
patients to eat more foods rich in high protein postoperatively, and
sweets such as sugar and beverages are strongly discouraged foods
because eating sweets can cause patients to regain weight, as well as
being detrimental to diabetes and insulin resistance controlling. This
may lead patients to feel that they are hurting themselves by eating
sweets, but when they still insist on eating sweets, they self-report as
hazardous use. In addition, a recent finding suggests that some
patients may substitute the concept of one reinforcer ‘food’ for
another, such as ‘alcohol, which is commonly referred to as ‘addiction
transfer’ (48). And these patients with addiction shifts can have
alcohol abuse, which may be contributing to the slow decline in
symptom of ‘hazardous use’ after patients undergo bariatric surgery,
despite a rapid decline in food addiction scores.

‘Large amount/longer’ begins to decline in the second month and
remains at a lower level from the second month to the 24th month
postoperatively. ‘Large amount/longer’ describes eating behaviors in
which individuals eat more than planned or for more time than
planned, persist in eating in the absence of hunger and eat to the point
where they fell physically ill. Previous studies have shown that patients’
hunger, disinhibition and emotional eating decrease postoperatively,
whereas restraint and postprandial fullness increase (49, 50). This may
lead to an improvement in ‘large amount/longer’ postoperatively,
which is in line with the trend we observed for postoperative changes.
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Besides, the new finding is that the improvement of ‘large amount/
longer’ starts in the second postoperative month. We hypothesize that
the unimprovement of the first month may be caused by the following
reasons. Firstly, overall maladaptive eating behaviors (binge eating,
night eating and uncontrolled eating) which are associated with ‘large
amount/longer’ improve postoperatively and require an adaptation
process (51). Secondly, the recovery of the postoperative diet starts
with a liquid diet and gradually transitions to a semi-liquid, soft food
and then to a normal diet. We commonly instruct the patients to eat
slowly during the postoperative mission and to have an intermediate
cut between ingesting solids and liquids at each meal, all of which may
lead to an increase in the patient’s eating time. Thirdly, bariatric
surgery alters the volume of the stomach, causing patients to feel fuller
after surgery. In the early postoperative period, eating too quickly or
eating too much at once may cause the patients to feel physically
uncomfortable. These may explain why ‘large amount/longer’ did not
improve significantly in the first month after surgery compared to
the preoperative.

The following are a few limitations of this study. Prior research
lacks studies utilizing MLM to characterize the continuous
postoperative trajectory of food addiction scores. Consequently,
no established reference exists to inform power calculations or
sample size estimation for this specific analytical approach. Our
sample size was therefore informed provisionally by effect sizes
reported in studies examining short- and long-term food addiction
improvement following bariatric surgery, with an anticipated
attrition rate of 20% incorporated. During longitudinal assessment,
attrition rates exceeded the projected 20% threshold at several
follow-up intervals. The implementation of MLM for trajectory
analysis— rather than reliance on mean food addiction score
reporting— partially mitigates the impact of this missing data by
accommodating subject-wise inclusion of all available observations.
Consequently, despite acknowledged limitations in cohort
retention, the reported model outputs remain methodologically
robust and clinically interpretable. Future investigations should
incorporate longitudinal assessments of dysregulated eating
behaviors, trait-level food cravings, and dynamic psychological
states. Integrating these multidimensional covariates would refine
model specification accuracy and elucidate mechanistic pathways
through which bariatric surgery ameliorates food addiction. This
study was more of a questionnaire and a behavioral experiment to
collect information about the patients, and more biochemical and
neuroimaging indicators are needed to help us explain the
mechanisms behind this phenomenon. Some patients may have
had inadequate energy or time to complete the questionnaire on
schedule, instead completing it a few days later than planned. All
of the surgeries were performed using sleeve gastrectomy, and
we can use the type of surgery as a controlled variable in the
future study.

Conclusion

Bariatric surgery induced rapid and clinically meaningful
improvement in food addiction symptomatology, with significant
reductions observed as early as 1 month postoperatively. This
therapeutic effect persisted throughout the 24-month follow-up
period. However, the rates of improvement manifested significant
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heterogeneity across symptom domains. Notably, amelioration
progressed more gradually for items assessing ‘Social/interpersonal
problems, ‘Hazardous use, and ‘Large amount/longer’ compared to
other symptoms.
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